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Executive Summary

This chapter gives a comprehensive overview
of the main coastal impacts and risks affecting
Mediterranean coasts. Due to their importance
and potential impact on the Mediterranean coastal
system, the main risks covered are erosion, flooding,
water-related risks (e.g. saltwater intrusion and
pollution), and biological risks. They are analysed
at different time scales associated with drivers
of different origin, as described in Chapter 2. The
different risks under current conditions and under
the effect of climate change are characterised,
providing the respective magnitude for the
Mediterranean and identifying coastal hotspots.
The main impacts induced by analysed drivers and
hazards are characterised by considering their
potential effects on the economy (related to main
economic sectors in the Mediterranean coastal
zone such as tourism, agriculture, and fisheries),
ecology (impacts on representative habitats and
ecosystems such as deltas, wetlands, and seagrass)
and on the human system (cultural heritage and
human health).

It is important to bear in mind that some of the
economic activities potentially affected by analysed
hazards, such as coastal tourism, are also drivers
of impacts along the Mediterranean coastal system.
The current picture for the Mediterranean Basin is
a coastal fringe affected by multiple hazards, with
significant exposure due to the socio-economic-
cultural setting of the Mediterranean with high
population density and concentration of assets and
relatively high vulnerability due to the decrease in
natural coastal resilience.

Coastal erosion {3.2.2}

The Mediterranean coastline is  currently
experiencing significant long-term erosion. Based
on observed rates, the median projected shoreline
retreat by 2100 compared to 2010 is estimated to
be 17 m, with very likely (5th, 95th percentiles)
values between -32m and -1m. This trend
presents significant spatial variability, with the
western Mediterranean concentrating the largest
regional erosion hotspots, which are mainly located
in river mouth areas and coastal stretches around
harbours and other coastal infrastructure.
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This erosion will increase under the effect of
climate change, as sea level rise (SLR] will
induce widespread shoreline retreat [very high
confidence). The estimated median value of SLR-
induced shoreline retreat for the Mediterranean
with respect to 2010, is -17.5m and -23m by
2050 under the IPCC AR5 RCP4.5 and RCP8.5
scenarios, respectively, increasing to -40 m and
-65 m respectively by the year 2100. Although
shoreline retreat is certain, there is significant
uncertainty regarding the computed induced rates
due to the models used. Nevertheless, this SLR-
induced component must be considered in addition
to ongoing shoreline evolution rates.

In the absence of adaptation and protection
measures, Mediterranean beaches will continuously
erode over the next decades. In urbanised areas,
where the coast is limited by physical barriers, this
will lead to the progressive narrowing and eventual
disappearance of beaches. This constitutes a high
risk for intensive sun-and-beach tourism areas due
to the expected decrease in beach carrying capacity
and the associated economic impacts (very likely).

The progressive narrowing of beaches will
reduce the degree of protection provided to
existing infrastructure along the coast, with the
corresponding increase in the risk of storm induced
damage. Therefore, even despite the absence of any
significant increasing trend in storm intensity and
frequency, storm-induced damage will increase
[very likely] over the next decades along the
Mediterranean coast.

Coastal flooding {3.2.3}

In the Mediterranean, coastal flooding from
coastal storms is mainly caused by waves, due to
the relatively low magnitude of surges. The most
exposed areas are waterfronts and the more
seaward parts of urban developments. The highest-
risk areas show significant spatial variability,
depending on local storm climate and the extent
and dimensions of existing natural and human
defences.




In the future, SLR will very likely increase the
frequency and magnitude of storm-induced flooding
along the Mediterranean coastal zone due to an
increase in the total water level at the shoreline,
leading to an increase in the existing risk in the
absence of adaptation and protection measures.
This effect will be more significant in low-lying areas
and will be enhanced by the decrease in protection
due to beach erosion.

SLR will result in the gradual and permanent
inundation of low-lying unprotected areas [high
confidence). Within the Mediterranean Basin, deltas
and coastal plains are particularly vulnerable, as
subsidence can locally and significantly increase
relative sea level rise. These areas, often home to
the highest natural values in the Mediterranean
coastal zone, while being also used for agriculture,
are at the greatest risk from relative sea level rise
(RSLR).

The Mediterranean Basin is one of the areas in
Europe where disastrous flash floods caused by
intense precipitation events are more frequent,
mainly affecting river mouths and coastal areas.
This is due to local climate and topographic
conditions, and the existing high population and
urban settlements in flood-prone areas. In the
future, without adaptation measures, the risk
is likely to increase due to more frequent heavy
rainfall episodes linked to climate change and the
continuous growth of urban areas along the coast,
although showing large spatial variability (medium
confidence).

The Mediterranean coast is one of the areas in
Europe at highest risk to compound flooding due
to co-occurrence of heavy rainfall and high-water
levels. The expected evolution of these events under
climate change shows large spatial variability in
their occurrence without a clear trend regarding
their intensity (medium confidence).

SLR will increase the extreme total water level
at the shoreline and the associated flood risk.
However, except for certain localised areas like
the northern Adriatic, the Mediterranean stands
out among European coastlines for experiencing
relatively low extreme total water levels under
SLR (high confidence). The Mediterranean region is
particularly vulnerable to coastal flooding, due to
the widespread presence of unprotected buildings

and activities along the Mediterranean coastline,
and the relatively small values of maximum coastal
water levels. In the absence of coastal protection
or adaptation, climate change will very likely be
the main driver of future increase in coastal flood
losses.

Tsunamis and meteotsunamis {3.2.4}

Due to the high seismicity of the Mediterranean
Basin, the short travel times of tsunami waves to
the coast from source areas and the high population
density and concentration of assets along the coast,
tsunamis are a significant threat for Mediterranean
coastal zones despite their low frequency, with the
eastern Mediterranean being the most affected
area.

Meteotsunamis  occur  regularly on the
Mediterranean coast and show large spatial
variability, with their highest intensities in bays
and inlets where resonance is favoured. As a
result, the greatest damage and, consequently,
the areas of highest risk, are concentrated in local
hotspots where existing coastal infrastructure and
developments are not adapted to accommodate
significant changes in sea level. Despite this, hazard
assessments are only available for a few areas,
while risk assessments are lacking.

Freshwater resource scarcity {3.2.5}

Without appropriate adaptation and protection
strategies, the quantity and quality of freshwater
resources in coastal areas will decline, reducing
the water available for future uses [very likely).

Maintaining the socio-economic activities related
to the significant wurban, agricultural and/
or industrial development in Mediterranean
coastal areas, which require supplying significant
freshwater demands, will be a challenging issue
which will be exacerbated due to seawater intrusion
in coastal aquifers. In the future, associated risks
will be amplified due to the expected reduction in
aquifer recharge, sea level rise, the increase in
water demands and the frequency and severity of
droughts.

The wuse of unconventional water resources
generated by desalination will reduce the risk
of water scarcity and their socio-economic



implications, but it may increase the risks of
environmental impacts, especially on coastal
ecosystems (e.g. adverse impact due to brine
water discharge) and will increase associated CO2
emissions.

Coastal pollution risks {3.2.6}

Water pollution along the Mediterranean coast is
mainly generated by land-based point and diffuse
sources (80%) due to the existing high urbanisation
of the coastal zone, with ship-induced and air
pollution contributing the remaining part. This puts
the coastal zone at risk of impacts on ecological
systems and human health due to diverse
pollutants generated either on land and discharged
into the coastal waters or accidental oil spills.

Along the Mediterranean coast there are
numerous sites that present a high risk associated
with eutrophication of coastal waters due to
nutrient inputs from land. Coastal eutrophication
is of medium or important significance in
13 Mediterranean countries. This has adverse
impacts on coastal ecosystems and may also have
significant local socio-economic impacts due to its
impact on aquaculture, fishing and coastal tourism.
In the future, it is expected that the risk along
the Mediterranean coasts will increase following
the expected increase in their occurrence and
the increasing pressure on the coastal zone (high
confidence).

The presence of areas with high concentrations of
plastics along the Mediterranean coast has high
adverse impacts on marine biodiversity and human
health due to the ingestion and accumulation by
marine fish.

Synergistic interactions between climate change
impacts and emerging pollutants in the coastal
environment will become more frequent [medium
confidence) due to multiple stressors from both
natural and anthropogenic sources.

Accumulated pollution from various sources in
coastal and bathing waters endangers coastal
ecosystems and human health. The magnitude of
anthropogenic impacts has been higher in coastal
waters compared to offshore waters due to the
increasing anthropogenic pressure (e.g. overfishing,
land-based pollution) on coastal zones and climate
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change as prevailing pressures altogether (medium
confidence).

Biological risks {3.2.7}

The Mediterranean coastal zone is subjected to a
high risk associated with invasive non-indigenous
species that produce different ecological and socio-
economic impacts through their interaction with
native species, which significantly affect native
biodiversity. In addition, there is strong evidence
that most of the services provided by Mediterranean
marine ecosystems are affected by invasive non-
indigenous species, those related to food provision
being the most impacted ones (high confidence).

The massive abundance of jellyfish is a threat
to anthropogenic coastal activities and human
health due to their competitiveness and predatory
impacts on marine biodiversity and their multiple
direct and indirect consequences. Jellyfish blooms
have potential adverse impacts on the marine
ecosystem with consequent health risks for marine
organisms and humans because they represent
vectors of potential bacterial pathogens affecting
fish aquaculture, in particular.

Mass mortality events (MMEs]) are attributed to
the increase in frequency and intensity of marine
heat waves (MHWSs) and pathogen infections. The
frequency and intensity of MMEs will likely increase
in the future in parallel with rising MHWs [(high
confidence).

The frequency of the mucilage phenomenon has
been reported to have increased significantly
over the last decades. Mucilage adversely affects
seawater and makes it unsuitable for bathing due
to the adherence of this mucus-like substance
on bathers’ skin. Marine mucilage settled on the
benthos in the form of large aggregates, coats the
sediment, causing hypoxic and/or anoxic conditions
resulting in the suffocation of benthic organisms.
The mucilage phenomenon can cause serious
economic damage to tourism and fisheries [(high
confidence).

Impacts on the economic system {3.3}
Coastal tourism along the Mediterranean is

likely to be affected by climate change due to a
decrease in climate comfort during the summer




season and its increase in spring and autumn
(medium confidence). In addition to this, sun-and-
beach tourism will be negatively affected by the
decrease in beach carrying capacity due to SLR-
induced beach erosion. This will result in the risk
of a substantial decrease in revenue for coastal
communities and consequently declines in GDPs
of countries in the region [medium confidence).

Without effective adaptation, agriculture production
in Mediterranean coastal zones will be negatively
affected by climate change due to the expected
decline in water resources, soil degradation, and
increase in salinity. This can directly affect food
security (medium level).

There is a high agreement that Mediterranean
fisheries are overexploited, and the majority of
the commercial stocks are declining. In addition,
the risk of traditional fish stocks shrinking in
guantity and economic value is further increased
by pollution and widespread emergence of non-
indigenous species. This represents a financial and
technical challenge for many artisanal fishermen,
who are the main operators in coastal fisheries
[high confidence).

Climate change exacerbates challenges related
to water and energy security through increasing
temperatures, as well as decreasing precipitation
and enhanced droughts (high confidence).

The risk for coastal infrastructure along the
Mediterranean due climate change in general,
and SLR in particular is related to the decrease
in their functionality, mainly associated with
increased coastal flooding and overtopping. For
Mediterranean ports, the expected change in risk
level by 2100 will be small under low-medium SLR
scenarios, butitwillsignificantlyincrease becoming
high or very high under the RCP8.5 scenario
[medium confidence). Although an increase in risk
associated with decreased functionality of coastal
protection infrastructure due to SLR is expected at
basin scale (high confidence], its significance will
depend on its specific local configurations.

Impacts on the human system {3.4}
A large part of the existing UNESCO cultural World

Heritage Sites (WHS] in the low elevation coastal
zone of the Mediterranean are currently at risk to

erosion and coastal flooding (medium confidence],
with an expected increase in flood and erosion
risk that will reach 50% and 13% higher values
respectively by 2100 under a high-end SLR scenario
[unlikely). Additionally, the built heritage is likely
to be affected by climate change through slow
cumulative deterioration processes. As a result, the
risk of decohesion and fracturing in porous building
materials is expected to increase.

Theoccurrenceofnaturaldisastersandenvironmental
degradation linked to pollution have multiple direct
and indirect impacts on the health and well-being of
coastal populations along the Mediterranean Basin
(high confidence). In the absence of adaptation, their
impacts are expected to increase in the near future
due to the expected increase in hazardous conditions
due to climate change and rising coastal population
[medium confidence].

Impacts on the natural system {3.5}

Mediterranean coastal wetlands have significantly
declined during the 20th century due to a combination
of erosion, extreme events, salt-water intrusion,
and mainly human-induced pressures such as
the expansion of irrigated agriculture and urban
development. They are projected to be significantly
affected by future changes in precipitation (high
agreement, medium evidence), although with high
spatial variability. SLR-induced hazards are expected
to result in the loss of coastal wetlands (high
agreement, robust evidence], with locally significant
impacts in areas where rigid inland boundaries limit
their potential for horizontal migration.

SLR-induced erosion along the Mediterranean coast
will induce a decline in ecosystem services provided
by coastal habitats, as these areas degrade and,
eventually, disappear with ongoing erosion (high
confidence). For the northern Mediterranean coast,
a decline in approximately 5% in services by 2100
relative to current conditions under RCP8.5 has
been estimated [medium confidence), presenting a
high spatial variability; the eastern Mediterranean is
expected to experience the largest declines.

Changes in sediment supply, industrial development,
and urban processes will enhance the vulnerability of
natural coastal ecosystems (e.g. sandy coastal sandy
beaches, saltmarshes, coastal lagoons) to sea level
rise. In addition, coastal systems are experiencing
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compound threats from ocean warming, sea level ecosystems is projected to become very high by the
rise, eutrophication, and the expansion of low-oxygen end of the century.
zones as a result of climate change. The risk to these




3.1 Introduction

The Mediterranean Basin is generally characterised
by a narrow and highly populated coastal area.
In the second half of the 20th century, the
Mediterranean population has doubled from
240 million to 480 million (UNEP/MAP 2016) and
the human pressure on the coasts is further
amplified by increased international tourism.
The Mediterranean coastal zone is therefore
characterised by an increased pressure from
human activities, but also subject to future global
environmental change as the Mediterranean area
is considered a hotspot of current climate change
(Giorgi 2006; Guiot and Cramer 2016; MedECC
2020b; Ali et al. 2022). This may result in high
sea-level rise rates compared to global averages,
leading to significant losses in the environmental,
cultural and economic values of Mediterranean
coasts (Vacchi et al. 2021).

Mediterranean sea level rise will lead to more
frequent flooding of low-lying coastal areas through
storm surges, wave extremes and, in minor terms,
through higher tides (See Chapter 2, Section 2.2.4).

Robust knowledge on current and future coastal
risks enables Mediterranean policymakers to
anticipate impacts that could be triggered by the
multiple effects of climate change.

The assessment of impact and vulnerability is
required in the framework of Integrated Coastal
Zone Management (ICZM] Protocol of the Barcelona
Convention (UNEP/MAP and PAP/RAC 2008). The
integration of information from various fields
including physical, ecological and socio-economic
disciplines is a prerequisite for any coastal impact
assessment and for planning appropriate future
interventions along the Mediterranean shores (Wolff
et al. 2018).

Due to the high natural, cultural and socio-
economic values that might be threatened or lost in
Mediterranean coastal areas, several efforts have
been made by the scientific community to produce
future climate drivers including sea level scenarios
(see Chapter 2) which may determine the magnitude
of problems that different Mediterranean coastal
areas may have to face, as well as possible solutions.




3.2 Main risks in coastal areas
3.2.1 Coastal risks - general

The Mediterranean can be considered a region
with a high coastal risk due to the combination of
multiple hazards such as erosion, flooding, pollution
and biological hazards (e.g. Sanchez-Arcilla et al.
2011; Sarkar et al. 2022), a highly sensitive coast
and increasing exposure due to urban development
(e.g. Wolff et al. 2020), a high concentration of
coastal dependent economic sectors such as tourism
(Plan Bleu 2022) and valuable ecosystem services
(Liquete et al. 2016).

Due to this, multi-hazard risk assessments have
become an important tool for understanding and
mitigating their potential impacts. However, due
to the large diversity in risk components along
the Mediterranean coast, most of the existing risk
assessments are local (e.g. Torresan et al. 2012;
Roukounis and Tsikriktsis 2022), or they analyse
single hazards and some consequences [e.g.
Reimann et al. 2018a). Therefore, most of studies
covering large areas in the Mediterranean evaluated
the coastal vulnerability instead of the coastal risk,
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that is the potential of the coastal system to be
harmed by the considered hazards (e.g. Snoussi et
al. 2009; Torresan et al. 2012; Hereher 2015; Satta et
al. 2017). Satta et al. (2017) developed one of the few
multi-risk assessments at the Mediterranean scale
using an index approach to characterise hazards,
vulnerability and exposure. Their analysis focuses
on risks associated with erosion and flooding
induced by different drivers and results are given in
a b-class qualitative scale from extremely high to
extremely low risk. Obtained results characterise
the Mediterranean coast with a heterogeneous
spatial distribution of the risk, in the form of
hotspots, mostly determined by the diversity in
values to exposure and vulnerability (e.g. coastal
geomorphology) (Figure 3.1].

3.2.2 Coastal erosion risks

One of the most common coastal risks is that induced
by shoreline erosion, which currently affects a large
extent of the world’s sandy coasts (Luijendijk et al.
2018; Mentaschi et al. 2018) and may be exacerbated
by climate change (e.g. Nicholls and Cazenave 2010],
threatening the survival of many sandy beaches
(Vousdoukas et al. 2020) and affecting the functions
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Figure 3.1 | Coastal Risk Index map of the Mediterranean. Source: Satta et al. (2017).




they provide (Defeo et al. 2009; Roebeling et al. 2013;
MedECC 2020a). The drivers and factors that control
and determine coastal erosion, interact along the
coast and operate at different timescales, such that
to adequately characterise erosion requires doing
so at multiple scales (e.g. Ballesteros et al. 2018;
Vousdoukas et al. 2020). Many beaches along the
Mediterranean are currently retreating and will
significantly narrow and eventually disappear by the
end of the 21st century. Vousdoukas et al. (2020) using
the data from Luijendik et al. (2018) and Mentaschi
et al. (2018) obtained for the entire Mediterranean
Basin a median shoreline retreat®? of =17 m by 2100,
with very likely values between -32m and -1m.
These values presented large spatial variability,
although existing regional-scale analyses highlight
the relevance of shoreline erosion around the Basin.
Thus, Jiménez and Valdemoro (2019) estimated that
about 67% of the sandy shoreline of the Catalan coast
(northwestern Mediterranean, Spain) is eroding
at an average erosion rate of -1.6 myr—', whereas
the regional average shoreline evolution is around
-0.4 myr='. Similarly, Pranzini (2018), using data
from the Italian National Table on Coastal Erosion
‘Tavolo Nazionale sullErosione Costiera” (MATTM-
Regioni 2018) reported that about 50% of Italian
sandy beaches are currently experiencing erosion
despite the implementation of coastal protection
projects. Along the southern Mediterranean coast,
(Amrouni et al. 2019) estimated that about 70% of
sandy beaches along the Hammamet Gulf (Tunisia)
are persistently eroding at an average rate exceeding
-0.5myr.

Current erosion hotspots® are mainly located in river
mouth areas and coastal stretches around harbours
and other coastal infrastructure. In the first case,
river mouth areas are a direct consequence of one
of the main terrestrial drivers affecting coastal
stability, the decrease in river sediment supplies
as a result of human-induced modifications to river
basins (e.g. Syvitski et al. 2005). Therefore, about
75% of the deltaic coastlines in the Mediterranean
are retreating (Besset et al. 2019), and they comprise
areas with the largest local erosion rates along the
Mediterranean coastline such as Cap Tortosa at the

Ebro delta, Spain (35 myr~' from 1957 to 2013;
Ramirez-Cuesta et al. 2016); areas near the mouth
of the Petit Rhéne, France (10 myr~" from 1960
to 2000; Sabatier and Suanez 2003); the Medjerda
delta, Tunisia (up to 42 myr—', from 1972 to 2013;
Louati et al. 2015); Moulouya delta, Morocco
(up to 10myr~', from 1958 to 2006; Mouzouri
and Irzi 2011); Ombrone delta, ltaly (10 myr—'
up to 2013-16; Mammi et al. 2019), and Damietta
promontory at the Nile delta, Egypt (42 myr—',
1972-1990; Dewidar and Frihy 2007); before the
implementation of coastal stabilisation works. In
the second case, stretches surrounding harbours
and marinas are the result of the modification of
coastal dynamics by existing coastal infrastructure.
Examples of such hotspots associated with large
infrastructure are found at the ports of Tangier,
Morocco (Sedrati and Anthony 2007) and Valencia,
Spain (Pardo-Pascual and Sanjaume 2019), or with
the existence of several marinas along coastal
regions such as in Tuscany, ltaly (Anfuso et al.
2011); in Catalonia, Spain (Jiménez and Valdemoro
2019); and Greece (Tsoukala et al. 2015).

Future changes in decadal-scale shoreline erosion
will be determined by the projected changes
in corresponding drivers. With respect to the
contribution of waves, as mentioned in Chapter 2,
existing projections under different scenarios
predict a slight decrease in significant wave height
and in storminess for the Mediterranean. This
would imply that, in the worst case, the magnitude
of coastal dynamics along the Mediterranean will
tend to decrease slightly. However, there are some
regional studies such as Casas-Prat and Sierra
(2012) for the Catalan coast, which have estimated
more significant changes in wave direction than in
wave height. This discrepancy in the contribution of
wave drivers will introduce significant uncertainty
in the projection of coastal dynamics, as it does not
depend on one, but on a set of wave parameters,
which may lead to opposite changes in sediment
transport. In this sense, the expected changes in
wave height and wave direction may lead to opposite
changes in longshore sediment transport and have
to be estimated locally (Casas-Prat et al. 2016).

32 These values were estimated by extrapolating obtained shoreline evolution rates from satellite images over two decades to the end of the century

without including SLR or any additional changes in drivers.

33 Erosion hotspots are coastal locations where erosion rates are significantly higher than in surrounding areas.



With respect to the contribution of river sediment
supplies, existing estimations of average sediment
delivery for 21st century climate warming scenarios
predict an 11-16% increase (Moragoda and Cohen
2020), while for deltas, projected changes predict
mean and maximum declines of 38% and 83%
respectively between 1990-2019 and 2070-2099
(Dunn et al. 2019). The final contribution will be
the result of the balance between climate-induced
changes and human-modifications in river basins
(Syvitski et al. 2022).

Finally, the estimated increase of human occupation
and use of coastal areas along the Mediterranean
for the next decades (e.g. see Chapter 2, Section 2.6)
will likely contribute to altering coastal dynamics
patterns and reducing the existing accommodation
space along the coast due to the construction of
coastal infrastructure. However, this will depend on
the level of existing artificialisation along the coast,
as the already highly developed areas have shown
attenuation in the increase of armouring as observed
in the Mediterranean coast of Andalusia (Spain]
(Manno et al. 2016).

Superimposed on current evolution rates, sandy
shorelines will be directly affected by relative sea
level rise (RSLRJ, inducing additional shoreline
retreat. Unlike current conditions, this general
retreat will vary spatially, depending on local RSLR
values, existing geomorphology, and local sediment
balance [Nicholls and Cazenave 2010; Ranasinghe
2016). Although RSLR-induced erosion is a well-
established hazard, quantitative assessments
remain subject to uncertainty due to limitations
in process understanding and model validation.
Although the equilibrium-based Bruun’'s rule is
the most used method (e.g. Le Cozannet et al.
2014), there is disagreement about its validity (e.g.
Cooper and Pilkey 2004) and alternative models
have been proposed (e.g. Ranasinghe et al. 2012),
though all models exhibit inherent uncertainty and
have been hardly validated (e.g. Le Cozannet et
al. 2016). Their application also involves different
sources of uncertainties (Toimil et al. 2020) and, as a
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consequence, no universally accepted model exists.

At the Mediterranean Basin scale, long-term
shoreline retreat due to sea level rise (SLR] has
been estimated using a modified version of the
Bruun’s rule. Median retreat projections by 2050
are -17.5 m [-27.7 to -8.8 m]** and -23 m [-36.3 to
-11.1 m] under the Representative Concentration
Pathways (RCP)® RCP4.5 and RCP8.5 respectively
[very likely), increasing to =40 m [-65.1 to -20.1 m]
and -65 m [-115.0 to -31.3 m] by 2100, respectively
[very likely). Expected RSLR-induced retreats present
a spatial variability driven by local increases in RSLR,
with expected larger values in subsiding areas such
as major deltas, and areas with milder slope shore
faces. As an example, Sharaan and Udo (2020]
estimated a 66% increase in SLR-induced shoreline
retreats along the Nile delta when compared to
those calculated for RCP8.5. In addition to this global
and consistent assessment, there are numerous
local and regional assessments using different
RSLR scenarios and erosion models. Among them,
it is worth highlighting there are few for high-end
scenarios that are relevant from a risk management
perspective (Hinkel et al. 2015), such as that of
Jiménez et al. (2017) for Catalonia (Spain) and that
of Thiéblemont et al. (2019) for the entire European
coastline. These assessments predict much larger
shoreline retreats, proportional to the increase in
SLR considered in such scenarios.

The combination of beach evolution rates at the
different scales and their projection for the next
century will result in a progressive and cumulative
shoreline retreat along the entire Mediterranean
coastline, with the exception of areas where local
sediment budget determines the accumulation of
sediment to compensate for such erosion. This,
combinedwith currenthigh ratesof urbanisationalong
the Mediterranean coastline and projected urban
development (Wolff et al. 2020), results in limited
accommodation space along the coast. This situation
favors the appearance of coastal squeeze, leading to
generalised beach narrowing and, consequently, an
increased likelihood of beach disappearance in the

34 In the report, unless stated otherwise, square brackets [x to y] are used to provide the assessed very likely range, or 90% interval.

35 Representative Concentration Pathways (RCP), as defined in IPCC AR5 are greenhouse gas concentration (not emissions] trajectories labelled by the
associated radiative forcing values in the year 2100 (2.6, 4.5, 6, and 8.5 W m~2), respectively and corresponding to one stringent mitigation scenario
(RCP2.6), two intermediate scenarios (RCP4.5 and RCP6.0) and one scenario with very high GHG emissions (RCP8.5).

See also: https://apps.ipcc.ch/glossary/
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absence of adaptation measures [e.g., Jiménez et
al. 2017; Vousdoukas et al. 2020).

One of the direct consequences of coastal erosion
is the loss of ecosystem services (ES) provided
by beaches, since habitats in coastal areas may
be affected, degraded and, eventually, disappear
as erosion progresses, especially due to coastal
squeeze. In the Mediterranean Basin, the most
comprehensive existing study is that of Paprotny et
al (2021) who evaluated the effect of coastal erosion
for ecosystem services on the European coast (just
the northern Mediterranean coast] for RCP4.5
and RCP8.5 scenarios. They estimated a roughly
5% decline in services with respect to current
conditions by 2100 under RCP8.5. The estimated
risk presented high spatial variability reflecting the
variability on habitat distribution and magnitude
of induced erosion, the eastern Mediterranean,
being the area concentrating the largest estimated
declines in ecosystem services along the European
Mediterranean coast.

In addition to these chronic erosion processes, the
impact of storms on Mediterranean sedimentary
coasts can cause major episodic erosional events,
with shoreline retreats of the order of several tens
of metres occurring over the duration of the event
(up to a few days) (e.g. Adriatic coast: Ferrarin et al.
2020; Algier: Amarouche et al. 2020; northwestern
Mediterranean: Jiménez et al. 2018). The magnitude
of the induced erosion will depend on the incident
storm properties (waves and surge). Since the
most severe wave storm conditions are generally
found in the western Mediterranean (e.g. Sartini et
al. 2017), this would be the area most susceptible
to experiencing larger storm-induced impacts.
However, the real beach erosion will not only depend
on the storm magnitude but also on the protection
capacity provided by beaches and dunes [i.e. local
geomorphology] in such a way that storms need to
exceed a given threshold to produce a significant
impact on the coast (e.g. Armaroli et al. 2012 for
critical thresholds in the North Adriatic Italian
coast; Gervais et al. 2012 in the Gulf of Lion French
coast). The stochastic nature of storms and their
large spatial variability along the Mediterranean
Basin, the dependence on the geomorphology of the
coast at the moment of impact, and the variety of
existing models with different predictive capabilities
contribute to a limited number of comprehensive
storm impact assessments at the Mediterranean

Basin scale. Vousdoukas et al (2020) estimated a
basin-averaged storm-induced shoreline retreat of
about 4 m for a 100-year return period event, with no
significant climate change-induced variation by the
end of the century. This estimate was derived using
a simplified approach to optimise calculations along
the entire world coastline and, as average value, it
underestimates registered retreat recorded along
the Mediterranean coastline, where observed and
locally modelled values for similar return periods
amounts to about 20 m or even greater (e.g. Armaroli
and Duo 2018; Jiménez et al. 2018).

Future changes in the magnitude of storm-induced
erosion will be determined by projected changes in
wave storms along the Mediterranean. Although,
as mentioned in Chapter 2, existing projections for
different scenarios do not predict any significant
increase in wave height, some new analysis of
wave buoy records and hindcasts have detected an
increasing trend of recorded maximum significant
wave height over the last 40 years in the western
Mediterranean, with some records over recent years
(Amarouche et al. 2022). Also, potential changes in
medicanes will modulate future risks at this scale
according to the potential changes in their frequency
and intensity (see Chapter 2, Section 2.2.3). Finally,
it is important to consider that the impacts
associated with coastal erosion are largely
determined by existing geomorphology. As described
above, medium- and long-term erosion processes
will largely dominate future coastline evolution
around the Mediterranean Basin. Therefore,
even in the absence of changes in storm climate
over the next decades, decreasing beach widths
(increasing geomorphic vulnerability) and increasing
development of coastal areas (increasing exposure)
will lead to increased erosion risks around the
Mediterranean Basin. Evidence of this trend
has already been observed in the northwestern
Mediterranean during the last decades of the
20th century and early 21stcentury in the
northwestern Mediterranean (Jiménez et al. 2012).

3.2.3 Flood risks in coastal zones

Flooding in coastal zones can be simply defined
as the situation in which dry land is submerged
by water. Like the case of erosion, the drivers and
factors that control and determine flooding are of
different origin and operate at different time scales
and spatial scales which leads to it being possible to



identify different types of flooding. In the case of the
Mediterranean coast, the most common types are
floods associated with maritime storms, river floods,
flash floods, pluvial floods, and those due to breakage
of hydraulic infrastructure. On numerous occasions,
events combining more than one type of flood occur.
Given that a majority of coastal cities and towns are
in flood-prone areas, and that intense rainfall is very
frequent in the region, urban flooding is a problem
aggravated by the growing shift of the population
towards coastal locations. Often a combination of
these factors worsens the situation.

3.2.3.1 Flash floods and fluvial floods

As mentioned in Chapter 2, the most frequent drivers
offloodinginthe Mediterranean coastalzoneareshort
but heavy precipitation events usually associated
with cyclonic activity. The Mediterranean coast is
characterised by a marked orography that has led to
the existence of numerous torrents and small basins
with high slopes, in which flash floods frequently
occur because of this heavy rainfall (Llasat et al.
2010; Gaume et al. 2016). In coastal towns that have
grown around these torrents, the damage caused by
flash floods can be very significant. In some towns
the torrents are totally or partially covered, but if
the drainage network is not sufficient, they can still
flood. Many times, floods caused directly by rain are
combined with flash floods. Consequently, disastrous
flash floods are more frequent in Mediterranean
coastal areas than other European regions due to
local climate and topographic conditions, and the
high population and urban settlements in flood-
prone coastal areas (Gaume et al. 2016). Flash
floods particularly impact the northwestern, eastern
and southeastern coasts of the Mediterranean, but
also remote areas (Gaume et al. 2016; Gohar and
Kondolf 2017; Petrucci et al. 2019; del Moral et al.
2020; Faccini et al. 2021; Diakakis et al. 2023). Fluvial
floods occur less frequently on the Mediterranean
coast because they require more sustained heavy
precipitation events, and in some regions, structural
measures, such as dams have been used to reduce
the potential hazard (Ward et al. 2020).

The analysis of river flooding trends can be carried
out from gauging stations. The analysis by Bloschl
et al. (2019) shows a decreasing trend for the
Mediterranean region in medium and large basins
for the period 1960-2010, mainly due to a decrease
in precipitation and increased evaporation (see also
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Chapter 2, Section 2.2.2). This trend is consistent with
the climate projections shown by Alfieri et al. (2015),
that agree on a 30% reduction in annual precipitation
in southern European countries, particularly in the
Iberian Peninsula, Greece, and southern ltaly, with
the consequential decrease in average streamflow.
In some basins, the increase in forest mass must
be added to the previous explanation, mainly due to
the abandonment of agricultural activity (Fader et al.
2020). Tramblay et al. (2019) shows that most trends
point towards fewer annual flood occurrences above
both the 95th and 99th percentiles for the majority
of basins of the south of France, and particularly,
on the Mediterranean French coast. These results
imply that the observed flood risk increase in recent
decades is mostly caused by human factors such
as increased urbanisation and population growth
rather than climate factors. Since most flash floods
occur in ungauged catchments, trend analysis is
more difficult, and is usually carried out from the
episodes produced and identified by the damage
they have caused. Flash flood events have increased
since 1981 in coastal Mediterranean regions of Italy,
France, and Spain (Llasat et al. 2013). This positive
and significant trend of 2.5 floods per decade would
also be justified by the increase in vulnerability and
exposure in coastal areas close to the torrent or
stream, despite improved coping capacities (Llasat
etal. 2021a). However, some studies already show an
increase in rainfall intensity on a sub-daily scale, and
even on a sub-hourly scale, as well as the increase
of convective precipitation in some Mediterranean
regions (Llasat et al. 2021b; Treppiedi et al. 2023).
The frequency of flash floods has been increasing
over recent decades [medium confidence] for the
combined effect of urban expansion in areas of
fluvial pertinence and climate change, namely
the interaction between anthropogenic landforms
and hydro-geomorphological dynamics (Faccini
et al. 2021). Land or urban mismanagement is a
third concurrent factor affecting flood vulnerability
(Saber et al. 2020). Added to this increase in
vulnerability and exposure, heavy precipitation on
a sub-daily scale shows a positive trend in recent
decades [medium confidence). Therefore, in some
regions of the northern Mediterranean, an increase
in convective precipitation has already been detected
(Llasat et al. 2021b; Treppiedi et al. 2023).

In the future, disastrous flash floods will likely
become more frequent and/or intense due to climate
change and the growth of urban areas [medium




confidence). This fact is aligned with the increase
in heavy precipitation projected by Tramblay and
Somot (2018) in the northern Mediterranean for the
middle of the century, and by Cortés et al. (2019) for
the eastern Iberian Peninsula. These authors have
projected an increase in the precipitation recorded
for events exceeding 40 mm per day, which is the
threshold associated with potential flash floods.
If this increase in precipitation is combined with
different socioeconomic scenarios, it is likely to
raise the probability of an event causing significant
economic damage.

3.2.3.2 Coastal floods

At the same scale but of marine origin, the impact
of coastal storms with high waves and/or storm
surges will cause the temporary inundation of the
coastal zone when water levels at the shoreline
exceed the elevation of the coast. This hazard, usually
accompanied and exacerbated by beach and dune
erosion in sedimentary coasts, is frequent along the
entire Mediterranean coastline, with their magnitude
depending on the local values of the total water
level, the local level of protection (provided by the
beach or dune in natural areas and structures on
urbanised coasts) and the extension of the flood
plains. Consequently, although there are different
studies providing global or continental-scale
extreme sea levels for both present and future
climate change, existing attempts for mapping
flood-prone areas at such scale have not been
validated (Paprotny et al. 2019]), and they need to be
done at local level to have a reliable estimation of the
risk (e.g. Perini et al. 2016). It should also be noted
that under the European Directive on Floods, most
European Mediterranean countries have produced
risk maps for coastal inundation associated with
different return periods.*

Scicchitano et al. (2021) analysed coastal flooding in
Sicily under both common storms and medicanes.
They found that, although they are apparently
similar drivers, the risk of flooding associated
with medicanes was significantly greater than that
estimated for common seasonal storms, due to the
higher induced storm surge. Toomey et al. (2022)
characterised coastal hazards associated with

36 https://ec.europa.eu/environment/water/flood_risk/links.htm

medicanes and found that the highest induced waves
are generated in the central and the southwest part
of the western Mediterranean, while the highest
surges are predominantly observed in the Adriatic
Sea.

3.2.3.3 Compound events

One intrinsic characteristics of flooding in coastal
areas is that it can be induced by different climate
drivers, such as storm surge, run-up, rainfall, and
river flow, which are often interconnected (Berghuijs
et al. 2019), and may produce what is commonly
referred to as compound flooding. Depending on
their type, these events can amplify impacts relative
to those from the same events occurring separately,
or accumulate impacts at spatially distant locations
(Zscheischler et al. 2020). Compound flooding has
beenidentified in historical records of past damaging
floods in Europe, especially in Italy and France
(Paprotny et al. 2018). The very extreme impact of
Storm Gloria in January 2020 along the Spanish
Mediterranean coast drastically demonstrated
their integrated impact (e.g., Amores et al. 2020;
Canals Artigas and Miranda Canals 2020). From a
risk perspective, these events are highly relevant,
as they can significantly increase the intensity and/
or the spatial and temporal extent of the impact
(and associated damage). They may overwhelm the
capability of emergency response services, which
would be required to address a large number of
simultaneous emergency situations throughout
the region and/or sustain response efforts over a
relatively long period.

In the analysis of these events, different drivers
can be considered to contribute to compound
flooding. Bevacqua et al (2019) analysed compound
flooding by considering events compounded by
heavy rainfall rates and high-water levels due to
surge and astronomical tides. They found that the
highest probability under present climate conditions
is mainly concentrated along the Mediterranean
coast, with the regions of the Gulf of Valencia
(Spain), northwestern Algeria, the Gulf of Lion
(France), southeastern ltaly, the northwestern
Aegean coast, southern Tirkiye, and the Levante
region having return periods shorter than é years for
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compound flooding. A similar result was obtained
by Camus et al. (2021), who analysed compound
events involving pluvial, fluvial, and oceanographic
drivers along European coasts, identifying the
northern Mediterranean as a hotspot for compound
flooding potential (medium confidence). In contrast,
Couasnon et al. (2020) analysed compound flooding
by combining river discharges and storm surges and
found that the Mediterranean Sea did not exhibit a
clear pattern in the co-occurrence of these drivers.

As an example, at a smaller scale, Sanuy et al
(2021) analysed the occurrence of compound events
involving heavy rainfall and storm waves on the
northwestern Mediterranean coast (Catalonia,
Spain). They found that the area has a high probability
of experiencing compound extreme events, with an
average of three events per year. However, significant
variations in event characteristics were observed
along the territory, despite its relatively small size
(about 500 km of coastline).

Regarding the future evolution of these events,
existing analyses do not provide conclusive results.
According to Bevacqua et al. (2019), climate models
show disagreement on the direction of future
changesinthe probability of compound flooding along
much of the Mediterranean coast. In this context,
Paprotny et al. (2020) analysed the performance of
different models in predicting these events in Europe
and found considerable regional differences in the
strength of the dependence on surge-precipitation
and surge-discharge pairs. While the models
reproduce these dependencies reasonably well in
northwestern Europe, their performance is less
successful in the in the southern part.

3.2.3.4 SLR-induced inundation

At long-term scale, flooding in coastal zones will
be driven by climate change, which can cause
gradual permanent inundation due to sea level rise,
and may also exacerbate storm-induced flooding
events. To assess the extent and risk associated
with SLR-induced inundation, the first element to be
characterised is the local magnitude of RSLR along
the coastal zone. In the Mediterranean, there is an
increasing availability of SLR flooding scenarios,
notably for sites which are particularly prone to the
coupled effects of sea-level rise and negative vertical
land motions such as deltas and coastal plains,
which concentrate the highest risks of permanent
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inundation (e.g. Snoussi et al. 2008; Antonioli et
al. 2017; Aucelli et al. 2017; Vecchio et al. 2019;
Lopez-Dériga and Jiménez 2020). These studies
have employer various methodologies, mainly based
on the use on projections of future global sea-
level rise based on various IPCC greenhouse gas
emission scenarios, corrected for the local glacial
isostatic adjustment (GIA) contributions. These
projections are coupled with the assessment of local
subsidence which can be derived from Holocene data
(e.g. millennial scale), from long tidal gauges [e.qg.
centennial scale), GPS, or Interferometric Synthetic
Aperture Radar (InSAR) data (e.g. decadal scale).

Furthermore, for future sea-level rise scenarios
to be considered reliable, they must be based
on high-resolution topography data, specifically
Digital Elevation Models (DEMs) derived from Light
Detection and Ranging (LiDAR] surveys. These
LiDAR-baseed DEMs are now available for a large
portion of the Mediterranean coasts and are often
provided with 1Tx1 or 2x2m cell width. These
data have a general mean vertical resolution of about
10 to 20 cm (Anzidei et al. 2021; Rizzo et al. 2022).
In contrast, scenarios based on topographic data
with lower vertical accuracy should be disregarded,
as the associated topographic error may represent
more than 30% and more than 50% of the expected
flooding under the RCP8.5 and RCP2.5 sea-level
rise scenarios for the year 2100, respectively.

With respect to the flooding technique used, most
of the Mediterranean Sea-level scenarios are based
on a classic ‘bathtub” approach in which areas below
the expected sea-level elevation and hydraulically
connected to the sea are delineated as being flooded
(e.g. Di Paola et al. 2021). This methodology is
considered suitable for urban, armoured, rocky,
and passive coasts characterised by moderate wave
action and reduced sediment supply. However, the
‘bathtub’ flooding scenarios approach may be less
accurate for active sedimentary coastal areas where
future sea-level rise has more dynamic effects than
inundation alone (FitzGerald et al. 2008; Loépez-
Dériga and Jiménez 2020). In this morphological
context, a wide range of processes driving coastal
evolution is expected to occur, which may counteract
the incoming sea-level rise. To date, the dynamic
responses of shorelines have rarely been included
in most of the Mediterranean assessments of future
sea-level scenarios.




Another the definition

important
of future flooding scenarios is to define a clear
relationship between the inundated area and the

challenge in

resulting damage [(Lépez-Dériga and Jiménez
2020). A typical approach is to consider the loss
of function/habitat in the inundated area even if
this often overestimates damage, especially from
an environmental standpoint, as the resilience of
natural areas is not always considered (Lentz et
al. 2016). Presently, determining the physical and
ecological responses of coastal habitats to future
change remains a difficult task (Lopez-Dériga and
Jiménez 2020). There is thus a growing need to
integrate dynamic interactions between physical
and ecological factors to better predict the impact
scenarios of sea-level rise on low-lying coasts.

3.2.3.5 SLR-enhanced floods

It is expected that climate change and, SLR in
particular, will increase extreme total water level
at the shoreline (including wave runup and storm
surge) and the associated flood risk (e.g. Vousdoukas
et al. 2018; Kirezci et al. 2020; Almar et al. 2021).
Practically, SLR will cause a decrease in return
periods for given total water levels, which implies an
increase in the likelihood of flood events (i.e. they will
be more frequent). Alternatively, the total water level
associated with a given likelihood of occurrence will
be higher.

Almar et al. (2021) estimated the current variation in
temporary coastal flooding by assessing the annual
number of overtopping hours® from 1993 to 2015.
They identified an increasing trend along most of the
world’s coastlines, with the southern Mediterranean
being one of the areas experiencing the largest
increase. This trend was associated with the region’s
small variability in extreme coastal water levels,
meaning that even small increases in regional sea
level can have a significant impact on overtopping.
Under the RCP8.5 scenario, these authors estimated
that by the end of the 21st century, the globally
aggregated annual overtopping hours were projected
to be up to 50 times greater than present-day levels,
with more regions projected to become exposed to
coastal overtopping.

In an independent study, Kirezci et al (2020)
estimated that, in the absence of coastal protection
or adaptation, and assuming a mean RCP8.5 SLR
scenario, there will be a 48% increase of the world’s
land area, 52% of the global population and 46% of
global assets being at risk of flooding by 2100 with
respect to the current situation. The estimated
increase in flood risk along the European coast has
been associated with rising extreme water levels
and increasing socioeconomic development of the
coastal zone (Vousdoukas et al. 2018), with climate
change being the main driver of the future rise in
coastal flood losses. Regarding the magnitude of
estimated extreme total water levels under SLR by
2100, the Mediterranean Basin is the area with the
lowest predicted total water level, with the North
Adriatic in Italy and the Gulf of Gabes in Tunisia being
the areas with the highest water levels.

3.2.4 Tsunamis and meteotsunamis
3.2.4.1 Tsunamis

Tsunamis are unpredictable and infrequent but
potentially large-impact natural disasters [see
Chapter 2, Section 2.2.9.4). They are generated
by underwater and/or coastal earthquakes,
volcanic eruptions, as well as landslide processes
(Papadopoulos et al. 2014). Tsunami activity,
although infrequent, seriously threatens the
communities along the coastal zones of the
Mediterranean Basin (e.g. CIESM 2011). Tsunami
sources in the Mediterranean Sea are situated in
the near-field domain, meaning that the travel
times of first tsunami wave arrivals do not exceed
half an hour or so. This feature is extremely critical
from a tsunami risk mitigation perspective.

Tsunamis in the Mediterranean Sea have often
caused severe damage and loss of lives. Although
they are less frequent than those of the Pacific or
Indian oceans, some of them are well documented
historical records, such as the M*® > 8 earthquakes
in 365 CE and 1303 near Crete, and the M>7
earthquake in 1222 near Cyprus in the eastern
Mediterranean. In the eastern Mediterranean,
a devastating tsunami hit the coasts of Sicily and

37 Defined as the number of hours during which the extreme coastal water level exceeds the maximum coastal elevation.

38 Where M is the moment magnitude scale of the earthquake generating the tsunami.



Calabria in 1908 following a M > 7 earthquake in
the Messina Straits (Lorito et al. 2008). More recent
examples include the M6.8 Boumerdes earthquake
in 2003 (Algerial, which affected the Balearic
Islands, the M6.7 Kos-Bodrum earthquake in 2017
(Greece-Tiirkiye) in the Aegean Sea, and the M7.0
Samos earthquake in 2020 (Greece-Tiirkiye) in the
Aegean Sea. According to Papadopoulos (2014),
most of the events, and the most intense ones, in
the Mediterranean have occurred in the eastern
Mediterranean, resulting in a tsunami recurrence
of 93 years. The Hellenic Arc is a major geotectonic
structure dominating the eastern Mediterranean
which produce large earthquakes and tsunamis.
Respective rates in the western Mediterranean are
227 years; the Marmara Sea and the Black Sea are
500 and 1250 years.

A great deal of effort has been put into data
collection in the Mediterranean for tsunami
monitoring operations, utilising new observational
techniques and sensors. These include deep-sea
sensors including ocean bottom seismometers,
tidal gauges, tsunameters, smart cables, and
possibly DAS (Distributed Acoustic Sensing)
technology, and high-precision coastal real-time
GNSS (Global Navigation Satellite Systems) for
better characterisation of the tsunami source (see
Babeyko et al. 2022]). These instruments have been
essential to reducing the uncertainty associated
with both the tsunami events themselves and their
sources, in addition to the uncertainty exploration
that has been achieved by tsunami simulations.

Although climate change will not alter the
probability of occurrence of a tectonically-induced
hazard, such as tsunamis, it will indirectly increase
their potential impact and risk due to higher water
levels associated with SLR, which would potentially
increase the inundated surface (e.g. Li et al. 2018).
Preliminary assessments of these effects in the
eastern Mediterranean have indicated that risks
would increase due to SLR and that this driver
needs to be incorporated into future tsunami risk
assessments (Yavuz et al. 2020).

3.2.4.2 Meteotsunamis
Meteotsunamis are those tsunamis induced by

atmospheric processes (see Chapter 2, Section
2.4.2.3).
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Hotspotsinthe Mediterranean where meteotsunamis
are observed to occur regularly and where severe
damage has been reported mainly include the
Balearic Islands (more particularly Ciutadella
harbour in Menorca Island] (Monserrat et al. 1991;
Li¢er et al. 2017) and the Adriatic Sea (e.g. Vela Luka,
Stari Grad in Croatia: Hodzi¢ 1979; Maramai et al.
2022), but also the Strait of Sicily (Sepi¢ et al. 2018b),
the Maltese Islands (Drago 2009), and some sites in
the Black Sea [éepic’ et al. 2018a; Vilibi¢ et al. 2020).
A comprehensive review of the meteotsunamis
occurred on the Mediterranean and the Black Sea
has been made by Vilibi¢ et al. (2021).

Despite their undoubted risk for Mediterranean
coasts, the meteotsunami hazard has only been
assessed in the Mediterranean for the Adriatic and
Balearic sites (e.g. Vilibi¢ et al. 2008; Orli¢ et al.
2010; éepié et al. 2016; Licer et al. 2017), and not for
other regions. No formal risk assessment has been
carried out for any of the Mediterranean hotspots,
even for those that are periodically affected by
meteotsunamis.

In spite of the great efforts invested in the

development of the meteotsunami warning systems,
the results are still not satisfactory, leading to a loss
of trust in the early warning systems. The forecasts
are known to be wrong, especially when it comes to
estimating the strength and destructiveness of the
event (very low confidence) (Jansa and Ramis 2021).




3.2.5 Scarcity of suitable water resources

3.2.5.1 Freshwater resources risks; saltwater
intrusion

The magnitude of the risk for coastal water resources
is the result of the balance between water demands
and existing resources. The recent historical
climatology in the Mediterranean coastal areas
explains the existence of important water demands
in these areas, which tend to have a high seasonality
(Niavis and Kallioras 2021). These demands are
due to the existence of large populations, as well as
intensive and highly productive agricultural and/or
major industrial activities (Renau-Prufionosa et al.
2016). The very important Mediterranean tourism
sector (the Mediterranean zone is the top tourist
destination in the world; World Tourism Organization
2018) and irrigated agriculture produce clear
demand peaks during summer and will grow even
more in the future, stressing water availability during
these periods (Toth et al. 2018). Therefore, supplying
water demand in these coastal areas with significant
urban, agricultural and/or industrial development,
and scarce water resources is a challenging issue
(Zouahri et al. 2015), especially during droughts
and, even more critically, during the summer due
to tourism demand, which might be exacerbated in
the future due to climate change (Tramblay et al.
2020). Global warming scenarios predict an increase
in irrigation demands alongside population growth,
especially in the coastal areas of eastern and
southern Mediterranean countries, leading to higher
water demands and further deterioration of water
quality (Cramer et al. 2018).

In many areas along the Mediterranean coast,
surface water resources are scarce or intermittent,
which forces demand to be partially or fully supplied
using groundwater resources (Sola et al. 2013).
Preserving water quality in these water bodies,
which also influence water availability for different
water uses, is a challenging issue. In addition to the
traditional water quality risks that exist in inland
systems [e.g. nitrate and pesticide pollution, urban
and industrial discharges, emerging contaminants,
etc.) the issue of salinity from seawater intrusion also
needs to be addressed (Custodio 2017). Considering
that aquifers are the main source of water supply in
many Mediterranean countries (Leduc et al. 2017),
there has been a certain degree of over-pumping,
especially during summer and drought periods.

It has led to salinisation processes with seawater
progressing into coastal aquifers (Rosenthal et al.
1992). In general, the Mediterranean areas with
higher risks from extreme hydrological events
(droughts and floods) are located in coastal areas
(Fader et al. 2020). The most frequent and severe
droughts are usually observed near the coast
(Gomez-Gomez et al. 2022). Many aquifers of the EU
Mediterranean coastline in Italy, Spain and Tirkiye
have suffered historically from saltwater intrusion
(Figure 3.2a) (EEA 2009). For example, in Spain, 56
of the 95 identified coastal groundwater bodies
have been affected by seawater intrusion processes
(Custodio 2017). Intrusion is also very relevant across
Greece, where it is estimated that the total surface
area of aquifers impacted by seawater intrusion is
about 1500 km? (Daskalaki and Voudouris 2008).
The North African coast of the Mediterranean is
also extensively affected by seawater intrusion
(Figure 3.2b). Significant saltwater intrusion is
observed in the Nile Delta in Egypt (Sefelnasr and
Sherif 2014), in Morocco coastal areas (Khouakhi et
al. 2015), Tunisia (Agoubi 2021) and in Jeffara plain,
Libya (CEDARE 2014).

Regarding the future evolution of freshwater
resources, the availability of conventional freshwater
resources for the different uses is expected to
decrease and be degraded, especially in the southern
and eastern Mediterranean [high confidence). The
increase in water demand and in the frequency and
severity of droughts, the reduction of freshwater
recharge, and the effect of sea level rise will lead to
an increase in seawater intrusion in coastal aquifers
(Pulido-Velazquez et al. 2018; Tramblay et al. 2020).

The unconventional water resources generated by
desalination in the Middle East and North Africa will
reduce the risk of water scarcity, but it will increase
the risks of environmental impacts, especially
on near-coastal marine ecosystems, energy
requirements and associated COz emissions (high
confidence).

3.2.6 Coastal pollution risks

In the Mediterranean Basin, coastal and estuarine
waters and their ecosystems have long been under
the pressure of land-based pollution, which is
increasingly exacerbated by climate change impacts
at present. Combined effects of pollution and
climate change influence coastal water quality and
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ecosystem health, and trigger habitat changes and
losses. Furthermore, pollution build-up on coastal
ecosystems affects human health via the food chain.
Coastal water pollution may be of various physical,
chemical or biological origin whilst others are
toxic, persistent, and emerging and may also have
transboundary impacts. The combined effect of
human-induced pollution and climate change pose
severe risks on ecosystems and human health (high
confidence).

Littoralisation® together with heavy urbanisation in
Mediterranean coastal areas have increased water
quality risks. Consequently, coastal waters suffer
from pollution risks generated by diverse pollutants.
Marine pollution stems from a wide diversity source
comprising physical, chemical and biological origins
that create harmful effects on ecological systems.
These adverse impacts on natural systems might
be generated due to various anthropogenic activities
that bring several substances/materials into coastal
waters. If they exceed certain threshold values,
these substances are very likely to become harmful
and have detrimental effects on the biological
components of coastal ecosystems (Beiras 2018).
In addition to organic pollution, other pollutants of
various origins exist, some of which are toxic and
persistent, such as POPs, whose origins can now be
identified. Their threshold values are regulated by
the Stockholm Convention®. Others are micro-
pollutants whose components are also of various
origins (e.g. pharmaceuticals and personal care
products (PPCPs), microplastics), which are
emerging.

Accumulated pollution from various sources in
coastal and bathing waters endangers human health
as well as the health of coastal ecosystems because
the magnitude of anthropogenic impacts has been
higher in coastal waters compared to offshore waters
with increasing pressure due to climate change,
overfishing and pollution as prevailing pressures
(Halpern et al. 2008; Diaz et al. 2019).

An overview of nutrients, metals, emerging
pollutants, persistent organic pollutants, and major

environmental changes due to climate change
and their impacts on coastal ecosystems will help
understand the synergistic effects of climate change
and marine pollution. Researchers have revealed
that the interplay between environmental effects
and impact caused by multiple stressors both
from natural and anthropogenic sources result in
synergistic effects. However, interactions among
multiple stressors in marine environments may
be synergistic or antagonistic. These interactions
among multiple stressors vary with stressorintensity,
exposure duration and biological response. Recent
findings suggest that synergisms are predominant
under multiple stressors because increased
stressor intensity is likely to overcome compensatory
mechanisms (Harley et al. 2006; Crain et al. 2008;
Park et al. 2014; Przeslawski et al. 2015; Gunderson
et al. 2016; R. Lange and Marshall 2017).

3.2.6.1 Nutrients

Eutrophication caused by excessive land-based
nutrient inputs has affected many areas in the
coastal zone (see Chapter 2, Section 2.4). Coastal
eutrophication, which is caused by seawater being
enriched with mainly nitrogen and phosphorus,
has significantly increased within recent decades
in the semi-enclosed parts of the Mediterranean
in particular (Danovaro et al. 2009; Cabral et al.
2019; UNEP/MAP 2023]). This phenomenon has a
widespread impact on ecosystems by promoting
various negative effects including hypoxia or anoxia,
episodes of massive mucilage formation, harmful
algal blooms (HABs), and acidification.

The most detrimental negative effect is usually
hypoxia, which represents concentrations of dissolved
oxygen lower than 2 mg L=, the threshold value for
living organisms (Crain et al. 2008; Howarth 2008).
Similarly, another harmful effect may be generated by
toxic HABs which may cause human illness and even
mortality. They also have socio-economic impacts
related to toxicity of harvested fish and shellfish,
loss of aesthetic value of coastal zones, and reduced
bathing water quality impacting the tourism activities
of coastal areas around the Mediterranean Basin.

39 Littoralisation is defined by the United Nations in CCD Annex IV for the Northern Mediterranean as the process of concentration of population, settle-
ments along with economic activities in coastal areas: https://www.unccd.int/convention/regions/annex-iv-northern-mediterranean

40 https://chm.pops.int/TheConvention/Overview/TextoftheConvention/tabid/2232/Default.aspx
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Coastal eutrophication is of medium or important
significance in 13 Mediterranean countries (Table 3.4
in Fader et al. 2020).

3.2.6.2 Metal pollution

Estuaries function as long-term repositories and
sinks for historical metal contamination, driven
by the strong particle reactivity of metals with
sediments (e.g. Golden Horn estuary in Istanbul,
Tirkiye, Acheloos River estuary, Greece) (Ridgway
and Shimmield 2002; El-Amier et al. 2021; Zeki et al.
2021). Although biological processes require certain
metals that are essential for biochemical reactions,
some metals are not metabolised, but in both cases,
high toxicity may occur even at low concentrations.
The toxic effects of metal exposure include increased
energy demand, which impacts the metabolic
structure and growth of marine ecosystems (Richir
and Gobert 2016; Yilmaz et al. 2017 2018). The
toxic effect of metals may also cause significant
immunosuppression or cause impaired reproduction
and/or development (Rainbow 2002).

Benthic fish are prone to bioaccumulate heavy
metals like cadmium and mercury, reflecting the
contamination status of the marine environment by
heavy caused mainly by industrial pollution. Heavy
metals and pesticides cause toxicity and various
diseases in fish due to aquatic pollution (Islam et al.
2018; Rani et al. 2022). Environmental assessment
studies have been largely conducted in polluted
areas affected by industries and ports activities.
For example, several research studies conducted
in Portman Bay (Spain) have shown that metal
pollution from industrial and urban dumping has
impacted the marine ecosystem. In this context, fish
accumulate metals through ingestion of particulate
material suspended in the water, food ingestion,
ion-exchange with dissolved metals, and adsorption
by tissue and membrane surfaces (Ben Hamed et
al. 2017).

Since trace metals are not degradable, they
accumulate in marine organisms throughout food
webs (Vareda et al. 2019). Mercury bioaccumulation
in marine food webs is a representative example of
this issue (Fonseca et al. 2019), as mercury exposure
has been shown to causes severe neurotoxic effects
in marine fauna and humans (Depew et al. 2012;
Karagas etal. 2012). Although trace metal abatement
measures in the marine environment have improved
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in recent decades in parallel with the enforcement
of the EU Directives, mercury pollution remains
a global issue due to its persistence and, most
importantly its capacity for long-distance transport
in the environment, which can lead to transboundary
pollution.

3.2.6.3 Persistent Organic Pollutants (POPs)

POPs can travel long distances in the aquatic
environment and tend to accumulate in sediments
due to their strong particle association associated
with their hydrophobic properties. Contaminated
sediments representasignificantthreattoassociated
biota and to other organisms via the marine food web
(e.g. demersal fish and marine birds). Furthermore,
sea level rise and seawater intrusion in coastal
aquifers may cause POPs present in coastal waters
to contaminate these aquifers, compromising the
quality of freshwater resources.

Across the Mediterranean Basin, pollution is
transboundary, ubiquitous, diverse and increasing
in both quantity and variety of pollutants, due to
intensified domestic, industrial, and agricultural
activities, as well as climate change (high confidence)
(see Cherif et al. 2020, Section 2.3.1).

Persistent organic pollutants (POPs] pose a serious
concern for transboundary pollution as their
transmission can be long distances away from their
sources, since they are not biodegradable in water
but in fatty acids of living organisms and can enter
the marine food web (Fader et al. 2020). Therefore,
the synergistic effects of climate change and coastal
water pollution may result in transboundary water
pollution affecting even terrestrial coastal systems
such as coastal aquifers and coastal ecosystems
located at long range from the source of pollution.

The synergistic effects of climate change and coastal
pollution are shown on Figure 3.3 (Cabral et al. 2019).

Furthermore, interactions among multiple stressors
in marine environments may be synergistic or
antagonistic. These interactions among multiple
stressors vary with stressor intensity, exposure
durationand biologicalresponse. Forinstance, recent
research shows that the individual and combined
effect of three common water quality stressors on
marine diatoms depend on additive, antagonistic or
synergistic interactions (King et al. 2022).




Pollution
Chemical
Physical
Biological

Main sources:

agriculture, aquaculture, fisheries,
industrial, transportation, tourism,
urban

Climate change

Global warming
Ocean acidification
Extreme events

Anoxia
Main drivers:
natural - solar irradience, volcanoes
Anthropogenic: greenhouse gases,
0zone, aerosols, land-cover changes

Magnitude of cumulative effects on marine and
estuarine organisms

Ecosystem functioning VR

Energy and matter pathways Ecosystem
Species interactions

Assemblage structure Community
Species composition

Distribution and abundance Population
Reproduction

Behaviour Individual
Growth and condition

Metabolism Sub-individual
Immune system

Figure 3.3 | Synergistic effect of climate change and coastal pollution. Source: Cabral et al. (2019).

POPs may create increased impact on the marine
organisms, if microplastic pollution (MPs) exists in
the same environment, because MPs, due to their
high sorption ability for POPs (e.g. polychlorinated
biphenyls (PCBs) and organochlorine pesticides
(OCPs)), generate direct or indirect toxicity in marine
organisms, ecosystems, as well as humans. Beaches
are considered as the ecosystems most affected by
MP pollution, therefore, indirectly by POPs since
the ubiquitous feature of POPs on the one hand,
and the pervasiveness of the MPs on the other,
generate combined toxicity impacts on the marine
environment (Barhoumi et al. 2023).

3.2.6.4 Microplastics

Field surveys have been conducted to evaluate the
threat posed by plastic pollution to the coastal and
marine ecosystems of the Mediterranean (Jambeck
et al. 2015; Geyer et al. 2017; Compa et al. 2019).

With the high production and consumption of plastics
worldwide, the marine environment has been
suffering from plastic dispersion and deposition at
all levels (i.e. coastal waters, offshore, sediment).
Similarly, Mediterranean marine biodiversity is at
high risk of plastic exposure (Compa et al. 2019).
In addition to their continuous release into the
environment, plastics disintegrate into smaller
pieces and disperse into nature, undergoing various

physical and chemical processes. Some of the
principal sources of plastics include marine litter,
which is brought into coastal zones primarily by
river discharge and ships (Lohr et al. 2017). High
concentrations of plastics, including tiny plastic
items, could have considerable environmental,
health, and economic impacts (Pedrotti et al.
2016). The worst impacted regions are coastal
areas, which are hotspots for plastic ingestion, and
the Mediterranean coastal area is no exception
(Compa et al. 2019). Plastic ingestion affects the
gastrointestinal system of marine species, from
invertebrates to mammals, across both demersal
and pelagic ecosystems (M. L. Taylor et al. 2016).
Analyses of plastic exposure show that marine
species with larger home ranges are more at risk
of exposure due to covering longer distances, while
local species are more likely to be exposed to plastic
closer to their home range areas (Compa et al. 2019).

Fossi et al. (2017) suggested that a risk assessment
of plastic pollution across the entire Mediterranean
Basin will help gather data sets to better understand
the species under exposure and/or threat, as well
as identify hotspot risk locations. It should be noted
that the existing threat is quite difficult to assess due
to the varying ecological requirements of multiple
species. Compa et al. (2019) identified hotspots at
risk of plastic ingestion across multiple taxa in the
Mediterranean Sea, highlighting that coastal species
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are at higher risk of ingesting plastic in the marine
environment than open-sea species, as shown on
Figure 3.4. However, the impact of plastic pollution
on different seabirds and sea turtles suggests that
the risks are not limited to coastal areas but may
expand further to the high sea locations (Schuyler et
al. 2016). The cumulative quantity of plastic waste to
enter the Mediterranean Sea from land is predicted to
increase by an order of magnitude by 2025 (Jambeck
et al. 2015) (high confidence] if appropriate waste
management infrastructure is not made operational.

3.2.6.5 Emerging Pollutants, pharmaceuticals,
and personal care products (PPCPs)

Pharmaceutical residuals can be found in surface
waters, coastal waters of heavily populated
settlements, and indrinking water samplesin Europe
(Lopez-Sernaetal. 2013; H. Chen et al. 2018; L. Yang
et al. 2020). These substances may present acute
or chronic toxicity risks for aquatic organisms in

coastal waters. In addition to their toxic effect, some
of them are endocrine disruptors (EDCs) (Esplugas
et al. 2007). Therefore, PPCPs exhibit hazardous
effects due to their continuous discharge (treated
or untreated] into coastal waters via wastewater
treatment plants which are unable to treat them
through conventional processes. Environmental
health concerns stem mainly from long-term
exposure to these substances, whether they are
persistent or not because long-term exposure
should also be considered as pseudo-persistence
(Daughton and Ternes 1999; Korkmaz et al. 2022).

Several recent studies have investigated the
environmental risk assessment of pharmaceuticals
in coastal waters (Corcoll et al. 2014; Chaves et
al. 2020; L. Yang et al. 2020; Navon et al. 2020;
Dehm et al. 2021; Sadutto et al. 2021; Korkmaz et
al. 2022). Based on the risk assessment results
carried out in the marine environment, the following
pharmaceuticals namely naproxen, diclofenac,




clofibric acid, gemfibrozil, 17B-estradiol, and
17a-ethynylestradiol have been identified as posing
high risks to aquatic organisms, and consequently
to human health via the food chain. These findings
emphasise the critical importance of monitoring
these contaminants in the marine environment to
protect the ecosystem and therefore human health
(Korkmaz et al. 2022).

In addition, organic waste and antibiotics input into
the marine environment via aquaculture is another
pollution risk on coastal waters since feed waste
excess and antibiotics that are partly metabolised by
fish accumulate on the bottom of the sea floor. Feed
waste and antibiotics deposition in the sediment
and their accumulation in the wild fauna threatens
the health of marine ecosystems due to the change
in the chemical conditions of the sediment, thus
affecting marine biodiversity. Studies identified that
feed waste and antibiotics significantly reduce the
biodiversity and abundance of benthic invertebrates
(Bjorklund et al. 1990; Grigorakis and Rigos 2011;
Liu et al. 2017; Neofitou et al. 2020; Gonzalez-Gaya et
al. 2022). In Murcia, Spain, it has been identified that
fish feed waste from aquaculture alters the habitat
and biodiversity of the benthic ecosystems in the

Mediterranean Sea, whilst antibiotic residuals have
additive effects to the enrichment of bacterial genes
(Gonzalez-Gaya et al. 2022). In addition, antibiotics
may create antibiotic resistance genes in the marine
environment neighbouring fish cage farms, thus
threatening the effectiveness of antibiotic classes of
high relevance for human medicine (H. Chen et al.
2018; Higuera-Llantén et al. 2018).

Similarly, researchers pointed out that among the
emerging pollutants, caffeine poses a considerable
risk whereas tramadol may also have adverse effects
at high concentrations. However, results indicated
that the mixture of contaminants represents
a potential risk for most sensitive organisms.
Researchers advise the importance of examining
the mixture of contaminants to carry out proper
environmental risk assessments (Sadutto et al.
2021).

3.2.6.6 Atmospheric pollution

Atmospheric pollution poses a significant risk to
human health and marine ecosystems (Linares et
al. 2020b; MedECC 2020b; UNEP/MAP and Plan Bleu
2020; Carrefo and Lloret 2021).



Atmospheric deposition settling at sea is a source
of pollution that contribute to ocean acidification,
which has severe impacts on a wide diversity of
marine organisms including corals, planktonic
organisms, and calcifying organism structures,
resulting in their degradation and mortality. Several
studies in the Mediterranean have been initiated
by research institutions, particularly in the eastern
Mediterranean (the Levant Sea), to monitor the
evolution of acidification and assess its impact on
marine food webs (Lacoue-Labarthe et al. 2016).

Atmospheric pollution in coastal areas elevates the
risk of respiratory and other health issues for a large
number of the Mediterranean coastal population
due to exposure to concentrations higher than WHO
Air Quality Guideline (AGQ, WHO 2021). Although
regulations are projected to reduce premature
mortality from PMz2s by up to 55% in the EU-27 by
2030%' (compared to 2005 levels between 340,000 and
480,000]), significant portions of the Mediterranean
population remain exposed to harmful pollution
levels (e.g. Gdmez-Losada and Pires 2020; Rovira et
al. 2020; Osipov et al. 2022).

In addition, atmospheric poses a risk cultural
heritage, as many UNESCO World Heritage sites in
the region remain vulnerable to material degradation
due to continued exposure to harmful pollutants
(Spezzano 2021).

3.2.6.7 Oil spill pollution

Oil spills from refinery and maritime accidents can be
the source of very serious oil pollution which affects
the marine and coastal ecosystem for several years
and has severe impacts on human and environmental
health which translates into significant economic
losses (Ulker and Baltaoglu 2018; Ulker et al.
2022). In addition, offshore oil drilling, extraction
and exploration enhances the potential of oil spills
which damage marine ecosystems with hydrocarbon
toxicity (El-Magd et al. 2021). Beaches and
recreational areas may be destroyed or degraded
by oil pollution and may further cause alterations
of the ecosystem by affecting and modifying the
marine habitat. The impact of petroleum toxicity
causes marine organisms to be injured or killed by

41 https://environment.ec.europa.eu/topics/air_en
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being covered with insoluble petroleum compounds,
sublittoral organisms to be poisoned, beach flora
to be destroyed by oil, and benzene, toluene, and
naphthalene to bioaccumulate in marine flora, fauna,
and marine life in general, causing hazardous effects
on human consumption (Dogan and Burak 2007).

3.2.6.8 Final remarks and research gaps

Coastal pollution presentsincreasing risks for coastal
ecosystem health and consequently environmental
health due to the build-up effects of pollution load
which is exceeding the assimilation capacity of the
receiving media and due to emerging pollutants, with
some of the compounds still difficult to detect and
monitor. Moreover, all emerging compounds in these
pollutants (e.g. PPCPs) and/or micro-pollutants (e.g.
micro-plastics) can be ingested by marine species
and can be home to various harmful microorganisms
including pathogenic species [e.g. bacteria and
viruses).

Recent research has identified that interactions
among multiple stressors in marine environments
may be synergistic or antagonistic. Findings suggest
that an overview of pollutants of various origin and
major environmental changes due to climate change
and their impacts on coastal ecosystems will help
understand the synergistic effects of climate change
and marine pollution.

Similarly, risk assessment of plastic pollution across
the Mediterranean Basin can generate valuable
datasets to better understand the species at risk
and pinpoint hotspots. In addition, monitoring the
fate of emerging pollutants and their impact on
coastal ecosystems and human health will help raise
awareness, so that relevant standards to preserve
both natural and human health can be monitored
and enforced.

3.2.7 Risks of biological origin
3.2.7.1 Non-indigenous species
Non-indigenousspecies,regardlessoftheirorigin,are

producing a variety of ecological and socio-economic
impacts on the Mediterranean (Katsanevakis et al.
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2014; Azzurro et al. 2022). Most of these species
have been reported to affect multiple native species
through a variety of mechanisms, such as predation
(Gueroun et al. 2020; Prado et al. 2022), competition
for resources (Caiola and Sostoa 2005; Marras et al.
2015), food web shifts (Finenko et al. 2003; Piscart
et al. 2011), and vectors of pathogens or parasites
(Roy et al. 2017; Peyton et al. 2019). In many cases,
they also impact keystone species or species of high
conservation value (Caiola and Sostoa 2005; Prado et
al. 2022). However, both native and non-native (non-
indigenous) species can affect species extinction
and lead to serious threats to the continued health of
ecosystems (Blackburn et al. 2019).

There are many examples of non-indigenous
species that modify ecosystem processes or wider
ecosystem functions in the Mediterranean region
(Pancucci-Papadopoulou et al. 2012; Rilov et al.

2019). Extreme examples are species that behave
as ecosystem engineers, that is to say that modify,
create or define habitats by altering physical or
chemical properties of the habitat(s) (Wallentinus
and Nyberg 2007; Berke 2010). Furthermore, the
lack of certain predator species can be a cause for
‘eruptions’ of non-indigenous species. For example,
77 species of fish are known to be predators of certain
mussels (Dreissena species). However, as these fish
are reduced in number and dispersion, predation of
this invasive species decreases as well. The relative
absence of a diverse range of native enemies [mainly
predators and parasites) in newly invaded regions
contributes to the rapid population growth of the
invasive species (Karatayev et al. 2015).

In addition to the mentioned impacts on native
biodiversity, invasive non-indigenous species
negatively affect coastal ecosystem services

Table 3.1 | List, type, and description of marine ecosystem services. Adapted from Liquete et al. (2013).

PROVISIONAL SERVICES

Food: Provision of biomass (fishery and aquaculture] from the marine environment for human

consumption

REGULATING AND MAINTENANCE SERVICES

Water purification: Biochemical and physicochemical processes involved in the removal of waste and

pollutants from the aquatic environment

Air quality: Regulation of air pollutant concentrations in the lower atmosphere

Coastal protection: Natural protection of the coastal zone against inundation and erosion from waves,

storms or sea level rise

Climate regulation: Carbon sequestration

Weather regulation: Influence on local weather conditions (e.g. influence of coastal vegetation on air

moisture and temperature)

Ocean nourishment: Natural cycling processes leading to the availability of nutrients and organic matter

Lifecycle maintenance: Maintenance of key habitats that act as nurseries, spawning areas or migratory

routes.

Biological regulation: Biological control of pests and invasive species

REGULATING AND MAINTENANCE SERVICES

Symbolic and aesthetic values: Senses and emotions heightened by seascapes, habitats or species

Recreation and tourism: Opportunities for relaxation and entertainment (e.g. bathing, sunbathing,
snorkelling, scuba diving, sailing, recreational fishing, whale watching].

Cognitive effects: Inspiration for arts and applications, material for research and education, information

and awareness



(Katsanevakis et al. 2014; Galil et al. 2017). There is
strong evidence that most of the services provided
by Mediterranean marine ecosystems are affected
by them (Balzan et al. 2020; Dimitriadis et al. 2021;
Kleitou et al. 2022; Tsirintanis et al. 2022). The most
affected services are those related to food provision,
but regulating and maintenance and cultural
benefits are also impacted (Table 3.7).

As already mentioned, and according to Katsanevakis
et al. (2014), food provision is the ecosystem service
that has been impacted by the highest number of
invasive non-indigenous species. The most cited
examples of this impact are the negative effect on
fisheries resources (Prado et al. 2020; Kleitou et
al. 2022). Following food provision, the ecosystem
services that have been most negatively affected by
species are ocean nourishment, cultural services in
general, and lifecycle maintenance (Katsanevakis et
al. 2016, 2023).

Harmful algal blooms caused by non-native
species negatively impact food and water provision
(Marampouti et al. 2021). Furthermore, their impact
on water resources can be exacerbated by climate
change effects that will cause water shortages in
some Mediterranean regions; blooms may even
affect desalination, or at least increase the cost of
it. There is also evidence of invasive non-indigenous
species’ impacts on water purification (see Salomidi
etal. 2012).

Native phanerogam species and some bivalves
potentially deliver coastal protection services, which
are quite important under climate change scenarios
with significant sea level rise and the increase in
magnitude and frequency of storm surges (lbafez
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and Caiola 2021). Invasive non-indigenous species
affecting these indigenous species (Prado et al.
2020, 2022; Houngnandan et al. 2022) will potentially
impact coastal protection services.

Mediterranean seagrasses are potential carbon sinks
and therefore provide weather regulation services.
Thus, invasive aquatic vegetation that competes
with native seagrasses can potentially negatively
impact this ecosystem service (Silva et al. 2009). No
or negligible impacts has been documented for air
quality regulation and biological regulation services
(Katsanevakis et al. 2014).

3.2.7.2 Mass mortalities

Mass mortality events (MMEs] have progressively
increased in the Mediterranean Sea, and they have
been attributed to the increase in frequency and
intensity of marine heat waves (MHWs] (Diaz-Almela
et al. 2007; Rivetti et al. 2014; Garrabou et al. 2022;
Estaque et al. 2023) and pathogen infections (high
confidence] (Vezzulli et al. 2010; Vazquez-Luis et al.
2017), [Figure 3.5]. MMEs have been reported for
organisms with reduced mobility, such as gorgonian
corals (Estaque et al. 2023), sea grass (Diaz-
Almela et al. 2007), and pen shells (Vazquez-Luis
et al. 2017). In decreasing order, cnidaria, porifera,
mollusca, bryozoa and echinodermata are the most
affected phylums from MMEs (high confidence) on
Mediterranean coasts (Garrabou et al. 2019, 2022).

Although the eastern Mediterranean is warming
faster (Garrabou et al. 2019) and has many species
living to their thermal tolerance limits, MMEs were
mainly documented on the western Mediterranean
coasts due to the extensive and long-term sampling
efforts in favour of the west (high confidence)
(Garrabou et al. 2019, 2022). The frequency and
intensity of MMEs will likely increase in the future in
parallel with rising MHWs [high confidence).

3.2.7.3 Jellyfish blooms

Jellyfish blooms, particularly those of the species
Pelagia noctiluca, became increasingly evident in the
1980s. Not only these outbreaks were ecologically
concerning but also presented immediate socio-
economic repercussions (UNEP/MAP 1991; CIESM
2011). For tourists and local fishers, the presence of
these jellyfish was more than just an inconvenience.
Their stinging tentacles caused painful injuries,




to direct

leading implications for tourism, a
significant industry for many Mediterranean
nations. Beach tourists were often hesitant to swim
in infested waters, and fishers found their catches
compromised either by stings or by the presence of
jellyfish in their nets (De Donno et al. 2014). Chelsky
et al. (2016) emphasise that the massive abundance
of jellyfish is not just an ecological concern but a

beyond the direct injuries caused to humans.
Jellyfish blooms can impact power plants by clogging
cooling water intakes, thereby causing operational
challenges and monetary losses. Additionally, the
post-mortem accumulation of jellyfish on shores
results in beach fouling, leading to clean-up costs
and a decline in beach aesthetics, further affecting
tourism (Ghermandi et al. 2015).

Mortality incidence
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Figure 3.5 | Relationship between heat exposure [marine heatwave [MHW] days) and mortality incidence in
the Northwestern Mediterranean ecoregion during 2015-2019. (a) Map of the northwestern Mediterranean
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A more insidious concern associated with jellyfish
blooms is the potential public health risk they pose.
Jellyfish can act as vectors for bacterial pathogens,
which can severely impact fish aquaculture. These
pathogens, when introduced into aquaculture
settings, can cause diseases among farmed fish,
leading to economic losses and potential health
risks if contaminated fish are consumed (Delannoy
et al. 2011). Basso et al. (2019) further highlights the
risks associated with jellyfish and bacterial
pathogens, emphasising the need for comprehensive
strategies to monitor and manage jellyfish blooms
in order to safeguard both marine ecosystems and
human health.

From an ecological standpoint, the proliferation
of jellyfish poses significant challenges to marine
biodiversity. Jellyfish are highly effective predators
and compete aggressively for resources. Their
burgeoning populations can deplete the availability
of zooplankton, which has cascading impacts on
the food web. Predatory fish that rely on smaller
organisms for food can face scarcity, leading to
overall reduced fish stocks (Purcell 2012; Baez et
al. 2022). This not only affects the marine ecosystem
but also the fishing industry, which is pivotal to many
Mediterranean economies.

3.2.7.4 Mucilage

Mucilage is a dense and highly viscous substance
made up of extracellular polysaccharides produced
and secreted by the overgrowth of various aquatic
species. Rising ocean temperatures, as well as
human-induced stressors such as insufficient
treatment levels and overfishing, are common
causes of such algal blooms. Although mucilage is a
harmless organic material structurally, studies have
indicated that mucilage is home to various harmful
microorganisms including pathogenic species [e.qg.
bacteria and viruses) (Del Negro et al. 2005; Precali
et al. 2005; Danovaro et al. 2009).

The highly productive and shallow Adriatic Sea
within the Mediterranean Sea is reported as the
area most severely affected by massive marine
mucilage (Danovaro et al. 2009). The frequency of the
mucilage phenomenon is indicated to have increased
significantly in recent decades. Mucilage adversely
affects seawater and makes it unsuitable for bathing
due to the adherence of this mucus-Llike product on
bathers’ skin. Marine mucilage may float on the sea
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surface and then in the water column for a long-life
span of two to three months and once settled on the
benthos in the form of large aggregates, it coats the
sediment, causing hypoxic and/or anoxic conditions
(Precali et al. 2005). Consequently, suffocation of
benthic organisms causes serious economic damage
to tourism and fisheries (Rinaldi et al. 1995).

As an example, the semi-enclosed Marmara Sea
was severely threatened by a mucilage outbreak
in May 2021. The Marmara Sea is a semi-enclosed
water body connecting the Mediterranean and the
Black Sea via the Canakkale (Dardanelles) and
Istanbul Strait (Bosphorus). This system is formed
by a two-layer current driven by a salinity gradient
between the more saline (38 psu) and dense waters
of the Mediterranean, flowing towards the Black Sea
inthe lower layer, while the less saline (18 psu) waters
of the Black Sea move in the opposite direction. The
strong and permanent stratification because of
salinity, density and temperature gradient exacerbate
the risks of pollution of biological or anthropogenic
origin. Sea surface was covered with thick layers of
foam on beaches and harbours, threatening marine
life, tourism, fisheries, maritime traffic, and the
economy. Fishing activities were temporarily halted
to prevent potential sea-borne diseases and due to
consumer reluctance. Although mucilage events
in the Marmara Sea are not new or region specific,
this instance was the most severe on record. The
phenomenon has drawn increasing attention as it
severely impacts overall ecology, particularly benthic
organisms (Savun-HekiMoglu et al. 2021).




3.3 Impacts on the socio-economic system

Some regions of the world are expected to be affected
by climate change, which will act in most cases as
a catalyst for already deteriorating socioeconomic
and environmental conditions including low average
per capita income, fast demographic growth, and
conflicts in many countries in the MENA region and
Africa (Ali et al. 2022). This is expected to cause
distressed movements as a coping strategy, either
within the region or toward Europe. Anticipated
trends suggest that the Mediterranean region
will experience climate-induced migration due to
extreme weather events in the affected nations since
itis expected to confront the gradual and incremental
impacts of climate change (Moatti and Thiébault
2016). Importantly, it is challenging to determine the
precise number of individuals currently displaced by
climate change effects within the region (Moatti and
Thiébault 2016).

3.3.1 Impacts on tourism

The impact of climate change on the tourism
industry in the Mediterranean, a region that draws
nearly 200 million tourists annually, illustrates a
critical challenge. Increasing heatwaves, reduced
rainfall, and rising sea levels threaten its tourism-
driven economy, necessitating urgent examination
and adaptation strategies.

There is high agreement with robust evidence that
climate change and its induced hazards impact
tourism (Perch-Nielsen et al. 2010; Seetanah
and Fauzel 2019; Arabadzhyan et al. 2021) (high
confidence). The Mediterranean region, the
destination for almost 200 million tourists, is known
as one of the most vulnerable regions to climate
change (Stratigea et al. 2017; Cannas 2018; Rick et
al. 2020). The region is expected to face more intense
and frequent heatwaves, a significant decrease in
rainfall, an increase in periods of drought, and an
increase in sea levels (Galeotti 2020), all of which
will likely influence the tourism industry in the region
(Perry 2000; World Tourism Organization 2008;
Anfuso and Nachite 2011; Dogru et al. 2016; Rizzetto
2020). It has been predicted that the Mediterranean
region will become excessively hot for tourists’
comfort in the summer months (Amelung and Viner
2006; World Tourism Organization 2008; Rutty and
Scott 2010; Arabadzhyan et al. 2021). For instance,
the suitability of southern Europe to appeal to

tourists will decrease during the summer holiday
months but improve between October and April
(Perch-Nielsen et al. 2010). Climate change likely
changes the destinations and seasonal distribution
of tourism (Ciscar et al. 2011; Amengual et al. 2014;
Koutroulis et al. 2018), tourist activities (Caldeira
and Kastenholz 2018), and alter tourism flows as
well (World Tourism Organization 2008; Magnan et
al. 2013]).

Moreno (2010) found that while climate is a significant
consideration for Mediterranean tourists, heat
waves are considered the least consequential factor.
However, projections by Amelung and Viner (2006)
indicated spatial and temporal changes in climate
attractiveness, which would affect the sustainability
of tourism development, making spring and autumn
more desirable (high confidence).

There are various case studies on the impacts of
climate change on tourism in the Mediterranean
region. El-Masry et al. (2022) argued that climate
change will cause devaluation of coastal tourist
destinations and thus a decline in revenues for
the EL Hammam-EL Alamein region in Egypt. They
predict a downward shift in the region in terms of
tourism climate suitability in the future. Abo EL Nile
(2017), through survey research for MENA countries,
showed the impact of climate change on beach
tourism in the region and discussed the need to
anticipate changes and to adapt. Katircioglu, et. al.
(2019) presented positive climate change influences
on foreign tourist flows to Cyprus and Malta.
Enriquez and Bujosa Bestard (2020) found the
negative impact of climate-induced environmental
change on tourist attractions by measuring economic
impacts on the coast of Mallorca (Spain). Vrontisi
et al. (2022) also found harmful impacts of climate
change on the tourism sector in the southern
European islands (Baleares, Crete, Cyprus, Malta,
Sardinia, and Sicily). Hall and Ram (2018) analysed
the negative influences of climate change on
coastal tourism in Israel. In summary, there is high
confidence that climate change influences tourism
and consequently affects Mediterranean economies.
While increasing temperatures might conceivably
diminish the suitability of the Mediterranean climate
for summer tourism, one could argue that there
might be a rise in tourist visits during alternative
seasons like winter, autumn, and spring. Therefore,
the potential negative impact on Mediterranean
economies is debatable, as it could result in an
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High agreement with robust evidence indicates that climate change and its
associated hazards significantly impact tourism in the Mediterranean region.
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Climate Change Effect

The Mediterranean region, which attracts nearly 200 million tourists, is
identified as one of the most vulnerable regions to climate change, with
expectations of more heatwaves, reduced rainfall, increased droughts,
and rising sea levels.
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Mediterranean Region

Climate change is predicted to alter the suitability of the Mediterranean climate
for summer tourism. Southern Europe, for instance, may become less favorable
in the smnmer but more so in the non-summer months.

Changing Tourist Seasons

Several case studies illustrate the effects of climate change on Mediterranean
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tourism, including the devaluation of coastal destinations, shifts in climatic
suitability, and economic impacts.

Climate change is likely to decrease beach recreational capacity due to
shoreline retreat, especially in highly-developed areas with intensive beach

usage.

Economic Consequences

c

The decrease in beach recreational capacity is linked to potential economic
declines in highly-tourism-specialized coastal regions, affecting their GDP.

Figure 3.6 | Key points on climate change impact on Mediterranean tourism.

overall increase in tourism spread across seasons
rather than being concentrated solely in the summer.

One of the most direct impacts of climate change on
coastal tourism along the Mediterranean Basin is
likely the decrease in the recreational beach carrying
capacity (BCC) as a consequence of the projected
increase in shoreline retreat (see Chapter 3, Section
3.2.2). This is due to the decrease of available beach
surface for recreational purposes due to beach
narrowing (in areas with a rigid landward boundary
limiting the accommodation space as tourist beach
areas used to be) with the corresponding increase
in density of users during the first stages, which
will be followed by the decrease in beach users as
density exceeds beach saturation values (Valdemoro
and Jiménez 2006; Rodella et al. 2017). This risk is
very likely to occur in highly developed areas with
beaches of intensive use such as the Spanish, Italian,
French and Greek coasts. Lopez-Doriga et al. (2019)
therefore estimated that by 2050, without adaptation,
the beaches along the Catalan coast (Spain, north-
western Mediterranean) will potentially experience
an overall 19% decrease in BCC under current
conditions, increasing to 36% under RCP8.5. For
coastal counties highly specialised in tourism, this
represented a potential decline in their GDP of
between 18% and 26% under RCP8.5 by the end of
the century (Garola et al. 2022). Figure 3.6 provides a

concise summary of the impacts of climate change
on Mediterranean tourism.

As a final conclusion, existing research reveals climate
change's multifaceted effects on Mediterranean
tourism, suggesting a shift towards alternative
seasonal tourism as a potential mitigation strategy.
Adaptive measures are essential to harnessing
opportunities and mitigating economic impacts,
ensuring the region’s tourism sustainability in the
face of climate change.

3.3.2 Impacts on food security and
agriculture

Climate change is one of the critical environmental
challenges for production systems in the
Mediterranean area (Capone et al. 2020; Hossain
et al. 2020) and is expected to threaten agriculture
(Aguileraetal.2020; Kavadia etal. 2020). Itis expected
to reduce food production in the region (Grasso and
Feola 2012; Galeotti 2020) and negatively impact the
biodiversity of agriculture (Palatnik and Lourenco
Dias Nunes 2015; Galeotti 2020), fisheries and
aquaculture (see Section 3.3.3). Crop yields for winter
and spring are expected to decline because of climate
change, especially in the southern Mediterranean
(Galeotti, 2020). In addition, climate change will
influence the growth cycles of crops and could




result in significant limitations in this regard (Funes
et al. 2021). On a sub-regional scale, North African
countries, due to their limited adaptive capacity, face
higher vulnerability to climate change’s impact on
agriculture compared to northern Mediterranean
countries (Atay 2015).

As introduced before, climate change is presently
exerting adverse effects onregional water availability,
and climate change is intensifying the ongoing trend
of reduced water availability (see Section 3.2.4).
Since agriculture is the leading water consumer
in the Mediterranean region (Daccache et al. 2014;
Pool et al. 2021), this expected decrease in water
resources will affect agriculture (Garcia-Garizabal et
al. 2014; Papadopoulou et al. 2016), with significant
detrimental ramifications on the productivity of
crops, including orchards and vineyards (Del Pozo et
al. 2019). Due to climate change, the Mediterranean
area may need between 4 and 18% more water
for irrigation (Fader et al. 2016; MedECC 2020b).
Brouziyne et al. (2018) predicted a 26.4% decrease
in Mediterranean water yield and a 44.7% decrease
in crops produced by rainfall (winter wheat, and
sunflower) by 2050. Decreased spring rainfall due to
climate change would therefore result in a decrease

of rain-fed crop production. In addition, climate
change could harmfully impact intensive dairy
farming in terms of milk production and quality, and
cattle mortality (Dono et al. 2016).

Another impact of climate change on agriculture
is soil degradation as climate change threatens
the natural capital of soils (Ferreira et al. 2022).
Kourgialas et al. (2016) predicted considerable soil
erosion with a mean annual loss of 4.85t ha=" yr=".
This study highlighted that soil loss would increase
by 32.44% and 50.77% in 2030 and 2050, respectively,
compared to current conditions (Kourgialas et al.
2016).

Various case studies focus on the impacts of climate
change on agriculture and food production. In Egypt,
according to projections by Fawaz and Soliman
(2016), by 2030, the cultivated area is anticipated to
decrease to approximately 0.949 million acres, and
the crop area will decrease to about 1.406 million
acres. These figures represent approximately
8.22% and 6.25% of the current area, respectively.
Consequently, the value of Egyptian agriculture
production would decrease by about 6.19 billion US
dollars (Fawaz and Soliman 2016). Salinity in the



soil in the Nile Delta coast would rapidly increase
and organic matter content will decrease, especially
during the summer season (El-Nahry and Doluschitz
2010). In Tirkiye, the yield of crops would decrease
at a growing rate due to climate change (Bozoglu
et al. 2019). In Andalucia (southern Spain), climate
change could cause a 95% reduction in sunflower
crops by 2100 in addition to a decline in wheat
production (Abd-Elmabod et al. 2020). Bosello et al.
(2013) predicted an average production loss of 0.5%
for the agricultural sector of southern and eastern
Mediterranean countries.

In addition, there are studies focused on the
detrimental impact of climate change on particular
products in parts of the region, including orchards
(Del Pozo et al. 2019), grapevines (Ferrise et al. 2016;
Del Pozo et al. 2019), viticulture (Santillan et al. 2020],
wheat (Ferrise et al. 2016; Dixit et al. 2018; Zampieri
et al. 2020; Reyes et al. 2021), durum wheat (Ferrise
et al. 2011), barley yield (Cammarano et al. 2019),
olives (Ponti et al. 2014; Fraga et al. 2020a, 2020b;
Rodrigo-Comino et al. 2021), and rice (Bregaglio et
al. 2017) in the eastern Mediterranean and the Middle
East (Constantinidou et al. 2016). For mushrooms,
unlike the results for the other products, Karavani
et al. (2018) predicted higher fungal productivity for
2016-2100 compared to current mushroom yields.
Moreover, Atay (2015) anticipated a 1.1% rise in wheat
yields, 0.36%, and 0.67% decline in maize yields, and
2.0% and 2.8% increase in potato yields due to a 1%
increase in temperature in two groups of countries in
the Mediterranean region.

Reduced crop yields, combined with population
growth and urbanisation, increasing competition for
water, and changing lifestyles, including diets, are
also expected to impact food security in the Middle
East and North Africa (MENA] region (Jobbins and
Henley 2015). A typology of the impacts of coastal
risks, mostly driven by climate change, on agriculture
and food security can be proposed. First, the direct
impact of coastal risks (from climate change) on
agriculture: loss of agricultural productivity in
coastal areas (but not necessarily due to the location
of crops and livestock near coasts); loss of ecosystem
services associated with food provision (Mehvar et
al. 2018), depletion of natural resources, especially
nutrients and water. The latter is due to salt intrusion
linked to sea level rise and over-pumping from
groundwater resources (Mastrocicco and Colombani
2021). For agroecosystems, salinisation of soils
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may cause changes to the distribution of plants and
animals, while seawater intrusion is expected to
cause additional risks in coastal aquifers, with severe
impacts on agricultural productivity (Ali et al. 2022).

Secondly, a direct impact on total agricultural output
is due to land loss because of coastal erosion, and
loss of some farm infrastructure (access roads,
agricultural buildings, irrigation networks, etc.). For
example, farmland may be converted to tourism-
related areas because of coastal erosion (Luisetti
et al. 2008), while in some cases farmland is lost
(‘coastal squeeze’) to wetlands that ‘retreat’ onto
agricultural land that cannot no longer be cultivated
because of submersion (Kuhfuss et al. 2016). Erosion
and salinisation are already harming soil contents
and production capacity in the Mediterranean region,
with previously fertile soil prone to desertification,
and these factors of reduced agricultural land are
exacerbated by climate change (ARLEM 2021). As
pointed out by FAO (2015), reduced livelihood options
in coastal regions will force occupational changes
and may increase social pressures, because
livelihood diversification as a means of risk transfer
will be reduced (e.g. between farming and fisheries).

Thirdly, indirect impacts due to land use change
because global trends connected or not to climate
change will also affect agricultural activities in
coastal areas. Moreover, water availability and
quality in coastal areas will probably diminish due to
saltwaterintrusiondriven by enhanced extraction and
SLR, also because of increased water pollution from
urban sprawl, tourism development and population
growth (Hinkel et al. 2014). Population growth in
coastal areas will mechanically increase demand
for local food, with increased demand for irrigation
water as a corollary, particularly in the coastal areas
of eastern and southern Mediterranean countries
(Cramer et al. 2018).

Local ecosystem-based and nature-based solutions
(e.g.conservationandrevegetation projects, Integrated
Coastal Area and River Basin Management) that may
reduce the impacts of coastal risks on agriculture
in the Mediterranean have been proposed in UNEP/
MAP and Plan Bleu (2020). Joshi et al. (2016)
estimate the economic impacts of SLR on regions
including Africa and the Middle East, to conclude
that economic impacts due to loss in cropland
without protection are low (compared with loss of
capital, change in labour supply and government
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Figure 3.7 | Key climate change threats to agriculture and food security at a glance.

expenditure on migration], and that the economic
impact of SLR is affecting South-East Asia, Australia
and New Zealand potentially the most. Note also that,
given the limited share of total agricultural output of
MENA countries (except for Tirkiye), coastal risks
due to climate change in the MENA region are not
likely to have a strong impact on global markets for
agricultural commodities (C.-C. Chen et al. 2012).
Figure 3.7 shows an overview of the pivotal climate
change threats to agriculture and food security.

As a final conclusion, the diverse studies on climate
change’simpact on Mediterranean agriculture reveal
a sad picture: declining crop yields, exacerbated
soil degradation, and increased water demands
for irrigation. This situation underscores a move
toward more adaptive measures and enhanced
research focusing on underrepresented crops and
the indirect effects of land use change. Dealing with
these challenges through comprehensive policy
design and informed decision-making is essential
for securing the region’s food security in the face of
climate change.

Confidence level and knowledge gaps

There is a particular need for research into various
aspects of climate change in relation to agriculture

and food security. First, more research is necessary
on the impact of climate change for crops and
products less present in the agricultural literature
than orchards, grapevines, viticulture, wheat,
barley, olives, and rice in particular. Secondly,
severalissues could not be addressed due to a lack
of data, in particular the expected decrease in local
water resources that will affect agriculture at the
landscape (or small river basin) level. Uncertainty
about the extent to which the Mediterranean
area may need more water for irrigation may be
reduced by collecting more comprehensive data on
the extent of soil degradation (as climate change
threatens the natural capital of soils). Moreover,
uncertainty remains on the indirect impacts on
coastal areas due to land use change, because
changes at the global level (associated or not with
climate change), will impact agriculture in these
areas. Water availability, and water quality, will
probably be reduced because of saltwater intrusion
due to excess resource extraction and SLR, but
also because of increased water pollution from
urban expansion and population growth. However,
more case studies on a larger set of contrasted
settings in the Mediterranean region are necessary
to obtain a more representative vision, which could
provide guidance for policymaking and decision
makers.



Finally, better knowledge of local expected impacts
and data collection efforts, especially in the southern
and eastern Mediterranean, are needed to provide
a more effective plan for action, as the majority of
scientific literature addresses coastal risks and
agriculture in South Asian countries, the United
States and Pacific Islands (Kumar et al. 2022) or
for large world regions excluding the MENA region
(Bosello et al. 2007).

3.3.3 Impacts on fisheries and aquaculture

When considering Mediterranean fisheries and
aquaculture, climate change significantly affects
species diversity, distribution, and productivity.
The region’s fisheries, renowned for their rich
biodiversity and intricate socio-economic dynamics,
face increasing pressure from overexploitation and
environmental shifts. These challenges intensify
the vulnerability of marine ecosystems and the
communities reliant upon them.

Mediterranean fisheries are extremely diverse
because of the heterogeneity of the sea with respect
to the number of species harvested, variety of fleets,
hydrography, bathymetry, and productivity (Barange
et al. 2018), but also to the varying cultural, social
and economic conditions across the Mediterranean
coastline (Stergiou et al. 2016). Nearly 400 species
of fish, crustacean, and molluscs are being fished by
numerous types of fishing gear and methods in the
Mediterranean Sea, yielding over one million tonnes
of catches per year according to official statistics.
(FAO 2022) Recent studies based on scientific
surveys, stock assessments and catch data,
generally agree that the Mediterranean fisheries
are overexploited, with the majority of fish stocks
experiencing a decline in biomass (Cardinale and
Scarcella 2017; Colloca et al. 2017). The cumulative
percentage of collapsed and overexploited stocks
was reported to exceed 60% (Tsikliras et al. 2013)
with the exploitation pattern differing among the
Mediterranean subareas (Tsikliras et al. 2015).
Local reports also confirm the overexploitation of
Mediterranean fisheries (e.g. Greek seas: Tsikliras
et al. 2013; Ligurian Sea: Abella et al. 2010;
Turkish seas: N. Demirel et al. 2020), which is often
attributed to poor or inadequate management
practices (Tsikliras and Stergiou 2014; Cardinale
and Scarcella 2017). Finally, there is high confidence
that the exploitation rate in the Mediterranean is
steadily increasing and gear selectivity deteriorating;
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both conditions are likely leading to shrinking fish
stocks (Vasilakopoulos et al. 2014).

Climate change is adversely affecting the range
and quantity of species available (high confidence;
Costello et al. 2022) and is leading to changes in
fisheries (Brander 2007) and the emergence of non-
indigenous species (high confidence; Costello et al.
2022).The progressive occurrence andestablishment
of warm-water species (Lloret et al. 2015) likely
generates both positive and negative effects on
fisheries (Hidalgo et al. 2018), especially on small-
scale fisheries because of their socio-economic
and ecological sensitivity. These generalised
effects can be listed as (1) increase of warm water
species such as bluefish [(Pomatomus saltatrix]
and barracuda (Sphyraena viridensis) as examples
of 'Meridionalisation” in northern Mediterranean
areas [(medium confidence]; (2) presence of Indo-
Pacific species (Lessepsian migrants] in the eastern
Mediterranean (Boero et al. 2008) as evidence of
‘Tropicalisation’ (high confidence/, and (3) extension
of the distribution ranges of Mediterranean
species and detection of non-indigenous species
in the Black Sea, called as ‘Mediterranisation’
{low confidence]. There is high confidence that non-
indigenous species compete with native species
(e.g. rapa whelk - Rapana venosa; N. Demirel et
al. 2021) or include highly damaging toxic species
such as pufferfish [(e.g. silvercheeked toadfish -
Lagocephalus sceleratus; (Unal and Gonciioglu Bodur
2017). Some studies have considered the impacts
of climate change on species and stocks, including
trout (climate change influences the largest, oldest
trout through increased metabolic costs) (Ayllon et
al. 2019); finfish aquaculture in Greece (Stavrakidis-
Zachou et al. 2021; Aragao et al. 2022); demersal
fisheries (Aragdo et al. 2022); shellfish (Martinez
et al. 2018; Carosi et al. 2019); endemic freshwater
fishes (Padogobius nigricans, Squalius lucumonis and
Telestes muticellus) in the Tiber River basin (ltaly)
(Carosi et al. 2019).

Future projections show that regional changes in
fish abundance and their distribution will likely
alter species diversity, with an expected increase
in overall diversity by the mid-21st century in the
eastern Mediterranean, and a decrease in the
western region (Sinclair and Valdimarsson 2001;
Albouy et al. 2013). A likely decrease in connectivity
between neighbouring ecosystems within the
Mediterranean is expected due to a decrease in the




size of the spawning areas and an increase in larval
retention on smaller areas of the continental shelf.
Fish often move between marine ecosystems,
making them difficult to track, count and assess
(Sinclair and Valdimarsson 2001). Each species has
a unique reproductive strategy and behavioural,
physiological, and energetic adaptations, which
comprise their ecological niche. Healthy fish
populations therefore ultimately depend on the
collaborative success of their spawning (very
likely) and reproductive seasons, as well as prey
availability (very likely], especially in changing
environments under climate change.

Aquaculture plays an important role in the
Mediterranean economy (Cubillo et al. 2021).
The average per capita consumption of seafood
in the Mediterranean region is 16.5 kg per year,
and aquaculture activities provide almost 25% of
it (Rosa et al. 2012, 2014). Climate change is likely
expected to have direct and indirect effects on the
aquaculture sector (FAO 2020). There is a virtually
certain connection between the temperature
preferences of aquatic species, and their oxygen
demands (Barange et al. 2018; Pauly 2019).
Specifically, the oxygen concentrations required to
meet the maximum oxygen demand for organisms
determines their temperature preference. Exposure
of fish to temperatures beyond their adaptive range
to leads to changes in their physiological responses
and increases in stress levels (Bell et al. 2018). In
the short term, although rising water temperatures
likely increase the forage availability and growth
rates of organisms, these rates will decrease
as temperatures continue to rise, as cultivated
species have limited space to move (Crozier et al.
2008). Optimal areas for aquaculture are therefore
expected to shift towards the poles. As a result of
climate change, extreme weather events such as
strong winds and waves will likely damage facilities
such as cages and platforms used in shell and fin
aquaculture and cause negative consequences such
as losses of brood stocks and significant damage to
facilities. Possible flooding in flat coastal areas at
sea level suitable for breeding brackish water
species is also predicted (FAO 2020).

Final remarks
The socio-economic importance of fisheries

and aquaculture in food security and economic
development, as well as in generating employment

and income, requires a proactive approach in
the development of adaptation and mitigation
policies regarding climate change and aquaculture
interactions. Raising awareness and understanding
the perceptions of stakeholders about the impact of
climate change on fisheries is an important pillar of
the adaptation and/or mitigation policy development
process.

Sustainable fishery management is needed to ensure
long-term optimal resource use. To effectively
manage fish stocks, various control measures exist
that directly or indirectly limit catches. However, the
diversity of multiple types of fishing gear and target
species makes fisheries management applications
even more complex. In the Mediterranean Basin,
which is more heavily affected by climate change
and human-induced pressures than the global seas,
intensive efforts are necessary to develop responsive
fisheries management. This, for example, includes
timely restriction on fishing and protection of
spawning stocks by way of fishery closure to
minimise the amplified impacts of excessive fishing
and environmental change. Continued expansion of
the fishing capacity in the absence of effective and
restrictive management actions may exacerbate the
risk of overexploitation. While considering the social,
legal, and economic drivers fostering fleet growth, a
bottom-up governance approach for the well-being
of small-scale fishers is greatly needed.

As a final remark, addressing climate-induced
impacts on the fishing and aquaculture sectors, while
safeguarding their sustainability and contributions
to regional food security and economic stability,
can be advanced through stakeholder collaboration,
research-driven insights and ecosystem-based
approaches.

3.3.4 Impacts on water and energy security

As the impacts of climate change intensify, the
Mediterranean region is facing growing threats to
its water and energy supplies. Decreased rainfall
and more frequent heatwaves are already straining
the region’s natural resources, underscoring the
pressing need for strategic planning to address
these vulnerabilities.

Climate change affects water security adversely
(Al-Jawaldeh et al. 2022; Daoudy et al. 2022;
Marangoz and Daloglu 2022). It can substantially



decrease water yield, surface runoff, groundwater
recharge, and baseflow in the Mediterranean region
(Pulighe et al. 2021). Some studies have emphasised
this effect for Mediterranean countries such as
Algeria (Bouregaa 2022), Cyprus (Gékcekus et al.
2021), Egypt (Alkhawaga et al. 2022), Morocco (Hadri
etal. 2022), Palestine (Sarsour and Nagabhatla 2022)
and Turkiye (Glmrikcioglu Yigit 2022). In addition,
Iglesias et al. (2011) highlighted challenges to
water resources in Mediterranean countries and
outlined the risks and opportunities for water under
climate change. Chenoweth et al. (2011) predicted
that precipitation would decline by 10% in the region
by both the middle and the end of the century. It
will not significantly change per capita water
resources in the North, while it will significantly
reduce per capita water resources in the eastern
Mediterranean.
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Likewise, it is expected that climate change will
exacerbate challenges related to energy security
in the Mediterranean region (M. A. Lange 2019;
Drobinski et al. 2020). In urban areas, there is an
expected increase in heat waves and droughts
due to the major climate impacts such as rising
temperatures and reduced precipitation, resulting
in shortages of both water and energy (M. A. Lange
2019, 2022). To tackle climate change and its effects
on energy security, Mediterranean economies need
mitigation and adaptation strategies including
enhanced efficiency of resource use, integrated
technology assessments regarding electricity
generation, and a stronger reliance on renewable/
solar technologies (M. A. Lange 2019). They are
required in order to adopt accelerated energy
transition policy and diversify the energy mix
(Drobinski et al. 2020). It should be mentioned




that climate change affects the pace of the energy
transition (Flouros 2022). Baglivo et al. (2022)
suggested zero-energy buildings for energy security
and to combat climate change.

To cope with energy and water scarcities, Drobinski
(2020) proposed integration of a regional energy
market and cooperation as a mitigating strategy.
Furthermore, M. A. Lange (2019) recommended
an integrated water-energy nexus concept. Some
studies have also focused on the Water-Energy-
Food (WEF) nexus to address water, energy, and
food security under climate change, including
Riccaboni et al. (2022), Zebakh et al. (2022), and
Bazzana et al. (2023).

3.3.5 Impacts on coastal infrastructure

Mediterranean coastal infrastructure faces
escalating threats from climate change. Ports,
airports, and transport networks are increasingly
vulnerable to SLR, coastal flooding, and erosion.
With approximately 150 million people residing in
at-risk areas, the urgent need to strengthen these
structures against forthcoming climatic shifts has
never been more critical.

Coastal infrastructure in general, and ports in
particular, are affected by different risks which can
beincreased by climate change in terms of stability
and, fundamentally, in terms of functionality,
mostly associated with increased coastal flooding
and overtopping due to SLR (e.g. Sanchez-Arcilla
et al. 2016; Arns et al. 2017; lzaguirre et al. 2021).

Around 150 million people live in coastal areas
and port cities in the Mediterranean (Galeotti
2020). It is expected that by 2050, for the lower
sea-level rise scenarios and current adaptation
measures, 10 of the 20 global cities with the
highest increase in average annual damage are
in the Mediterranean, located in Algeria, Egypt,
Libya, Morocco, Palestine, and Syria (Galeotti
2020). Erosion and flooding are two major threats
to Mediterranean coasts and will cause damage to
human settlements (Rizzetto 2020).

Furthermore, potential consequences of climate
change may impact Mediterranean airports,
putting them at risk (De Vivo et al. 2022). Therefore,
airports located in coastal areas could be at risk of
coastal flooding, which could be increased under

SLR. Yesudian and Dwason (2021) conducted a
global analysis of SLR risk for airports located
in the Low Elevation Coastal Zone [(LECZ] in
terms of expected annual route disruption. In the
Mediterranean, three airports were ranked in the
top 20 at risk by 2100 which are Venice and Pisa in
Italy, and loannis Kapodistrias Intl in Greece.

In coastal areas, SLR is the most important and
likely climate change-driver to affectinfrastructure
in general (de Almeida and Mostafavi 2016}, and
transport networks in particular (H. Demirel et
al. 2015). This is especially evident when coastal
plains supporting such infrastructure are flooded
episodically or permanently (e.g. Armaroli et al.
2019; Antonioli et al. 2020). In some cases, SLR
will increase the number of disruptions currently
taking place under the impact of storms in
transport networks close to the shoreline, such
as the coastal railway along Catalonia (Jiménez et
al. 2018). The location of such infrastructure very
close to the shoreline significantly increases the
risk due to high exposure that usually forces them
to implement specific protection measures (e.g.
see Pranzini (2018) for protection works in Italian
coastal railways). In any case, it should be kept
in mind that this infrastructure will be subject
to greater risks of disruption not only due to
increased overtopping under SLR, but also due to
a future scenario of narrowing protective beaches
in front of them due to SLR-induced erosion.

Forthe Thessalonikiareain Greece, Papagiannakis
et al. (2021) estimated that under a SLR of 0.5 m
and 1 m, about 1.87% and 3.07% respectively of
the total length of the coastal road network will
be covered by the sea by 2100, and the access
road to the airport might be interrupted. For
Turkiye, Karaca and Nicholls (2008) found that
capital loss from the impacts of a 1 m rise in sea
level could be significant (about 6% of current
GNP). For Malta, Attard (2015]) highlighted that
environmental change could heavily damage the
island’s infrastructure and disrupt the transport
systems.

Izaguirre et al (2021) estimated an increase
in risk for Mediterranean ports by 2100 under
the RCP8.5 scenario, which changes from
medium or low risk to very high or high future
risk, respectively due to increased overtopping
and coastal flooding risk. The western African



Mediterranean ports were identified as subject
to very high risks. Furthermore, it is essential to
take into account indirect impacts, as highlighted
by Christodoulou et al. (2019), who estimated
that disruptions in northern European ports due
to SLR could significantly affect the operations of
Mediterranean ports.

At regional scale, Sierra et al. (2016) assessed the
impact of SLR on the operability of harbours along
the Catalan coast in the western Mediterranean
due to increasing overtopping during storms.
They found a significant increasing risk in nearly
all harbours under a high-end scenario of SLR
of about 1.8 m, although results obtained for the
median RCP8.5 scenario presented significantly
less risk.

In Egypt, the Nile Delta’s four principal fishing
harboursare at highrisk (Abutalebetal.2018). Port
Said in the Nile Delta would be the most affected
in the MENA region (Dasgupta et al. 2009), and the
economic damage due to the 0.5 m and 1.25m
SLR scenario is estimated to be more than US$2.0
billion and US$4.4 billion, respectively (El-Raey
et al. 1999). For Rosetta, this number is expected
to be US$2.9 billion (El-Raey 2010). Refaat and
Eldeberky (2016) estimated that almost 7% of the
Nile Delta area would be at risk of inundation due
to future sea-level rise. In addition, El-Masry et
al. (2022) predicted that climate change might
damage the coastal infrastructure in ELHammam-
EL Alamein, and 34 to 36 (about 46.5% to 49.3%)
of the existing coastal resorts could be inundated.
For Morocco, Kasmi et al. (2020) highlighted the
risk of erosion and soil loss in response to SLR
(the loss of more than 50% of width with a 2m
SRL scenario on many beaches). In the Tangier
Bay, Morocco, Snoussi et al. (2009) noted that
coastal defences and the port, tourist coastal
infrastructure, the railway, and the industrial area
are expected to be at risk due to climate change
and estimated that erosion of the shoreline would
affect nearly 20% of the total beach areas by 2050
and 45% by 2100. Snoussi et al. (2010) calculated
climate change impacts on the various Moroccan
coasts, finding that 70% of most of the urbanised
sections of the Tetouan coast would suffer from
erosion,

In Israel, Zviely et al (2015) found that SLR is
expected to cause extensive damage to port
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infrastructure, including seaports, power plants,
marinas, desalination plants, sea walls, detached
breakwaters, and bathing beach infrastructure,
and to the vessels moored inside, as well. For
0.5m and 1 m SLR, respectively, at a cost of
approximately US$200 million and US$500 million
(0.07% and 0.17% of Israel's GDP for 2012}, the
current level of operation of this infrastructure
can be maintained (Zviely et al. 2015).

Finally, in terms of existing coastal protection
measures, one of the most sensitive structures to
SLRare parallel breakwaters since their protection
capacitydependsontherelative heightwithrespect
to mean water level which controls wave energy
transmission. Consequently, sea-level driven
changes in wave characteristics and the structure
relative height may significantly change their
design conditions and increase the exposure of the
protected area (Arns et al. 2017). In simple terms,
the (economic) impact will be associated with
the need to increase the height of the structure
to maintain its design conditions. As an example,
Vousdoukas et al. (2018) estimate that upgrading
existing coastal protection would imply increasing
elevations by an average of at least 25cm by 2050
and by more than 50cm by 2100, although local
required increments can be significantly higher.
The importance and relevance of this impact along
the Mediterranean will be determined by the local
conditions of the existing structures, although due
tothe extensiveandintensive use of parallel coastal
breakwaters as a protection measure, itis expected
that one of the areas with the greatest impact will
be the Italian coast.

In conclusion, the coastal infrastructure of the
Mediterranean region faces imminent threats
from the challenges posed by climate change.
Failure to act could result in significant disruptions
to the region's economic prosperity and
environmental health. To mitigate these risks, a
proactive stance is essential in both designing and
managing infrastructure capable of withstanding
the increasing hazards associated with climate
change.




3.4 Impacts on human systems

3.4.1 Impacts on cultural heritage (natural
and built)

The cultural and natural heritage of the
Mediterranean, encompassing ancient ruins and
stunning landscapes, faces threats from sea level
rise and increasingly harsh climates. The potential
impact on natural and built heritage in coastal
regions is caused both by on-going variations of
climate and environmental parameters responsible
for slow cumulative damage processes and by
hydrometeorological extreme events. Natural
landscapes, archaeological sites and monuments
are exposed to an aggressive and worsening
environment, characterised by local land subsidence,
coastal flooding, and erosion (see Chapter 2). Sea
level rise risks submerging natural landscapes and
built heritage. The Mediterranean coast includes
several natural landscapes with their wildlife, such
as the biodiverse wetlands of Camargue on the
delta of the Rhone River, France (Fraixedas et al.
2019) and Donana National Park, Spain (Camacho
et al. 2022). Detailed maps of the UNESCO cultural
World Heritage Sites (WHS] located in the coastal
zone at risk, and their projections to 2100 have been
reported by Reimann et al. (2018b), who, based on
the analysis of spatially explicit WHS data and the
development of an index-based approach, show that
of 49 cultural WHS located in low-lying coastal areas
of the Mediterranean, 37 are at risk of flooding for a

100-year return period and 42 from coastal erosion,
already today. Until 2100, flood risk may increase
by 50% and erosion risk by 13% across the region.
Projections are provided under RCP2.6, RCP4.5 and
RCP8.5. Analysis done by Kapsomenakis et al. (2023)
shows evidence that coastal UNESCO heritage sites
in the Aegean Sea, the Adriatic coastline and the
Gulfs of Genoa and Venice could be significantly at
risk in the future period 2071-2100 under the RCP8.5
scenario due to sea level rise. The most famous
city at risk is Venice, sinking under the combined
action of sea level rise and local land subsidence
(Lionello et al. 2021; Camuffo 2022). In the long
run, currently still subaerial archaeological sites
risk being completely submerged as has been the
case for Capo Rizzuto (southern ltaly), Alexandria
(Egypt), Pavlopetri and Peristera (Greece), Caesarea
Maritime (Israel), Kizlan (Turkiye), and several other
Mediterranean harbours (Marriner et al. 2017). At
present, storm surges are affecting buildings and
archaeological sites. In the future, this challenge
will continue with increasing frequency and flooding
depth.

The available projections of the impact that climate
change will have on built heritage in terms of slow
cumulative deterioration processes developed in
the framework of the two EU funded programmes,
Noah’s Ark (Bonazza et al. 2009a,b; EC et al. 2010)
and Climate for Culture (Leissner et al. 2015),
highlight that the Mediterranean coastal heritage
sites are likely expected in the far future (2071-2100):
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Figure 3.8 | Projected change in the yearly frequency of NaCl crystallisationindoors. The data are calculated
as a difference between the far future the far future (2071-2100) and the 1961-1990 reference period. Project
Climate for Culture, simulation for an unconditioned building type 02 (average brick structure), under the
RCP4.5 emission scenario (Camuffo et al. 2015: Leissner et al. 2015).

¢ to undergo more than 30 events per year of relative
humidity cycles crossing 75.5%, implying a potential
risk of decohesion and fracturing of porous building
materials, such as sandstones, mortars and brick,
caused by crystallisation pressure of soluble salts
(Camuffo 2019). Salt weathering is mainly driven
by a phase change. The damage arises during
the crystallisation-dissolution cycles, which
occur under precise temperature and humidity
conditions. Non-hydrated salts, such as sodium
chloride (NaCl), crystallise at a fixed relative
humidity (RH) virtually independent of temperature
(RH threshold = 75.5%), whereas phase transitions
in hydrated salts, such as sodium sulphate, are
sensitive to both relative humidity and temperature
(Bonazza 2022);

to presumably experience higher levels of
biodeterioration, with a value of total biomass
accumulation from 5to 15 mg cm=2 (EC et al. 2010J;

¢ to undergo surface recession linked to chemical
dissolution of 5-35 pm yr—', particularly monuments

in marble and compact limestone located in highly
polluted coastal areas (Bonazza et al. 2009al;

¢ to increasingly suffer from thermal stress caused
by solar radiation with more than 150 events per
year of internal tension >20 MPa. This threshold
of internal tension is considered particularly
dangerous for marbles and can cause decohesion
and powdering (Bonazza et al. 2009b).

Examples of the projected change in the yearly
frequency of the NaCl crystallisation cycles
calculated for building materials exposed to indoor
climate variations are shown in Figure 3.8. This map
has been expressedinterms of change as a difference
between the far future (2071-2100) and the recent
past reference period (1961-1990). The projection
shows a slight decrease of the structural risk for
the built heritage across the whole Mediterranean
coastal area.

Research has only recently started to focus on the
development of projections of extreme events [i.e.




heavy rain, flash floods, drought] linked to climate
change to assess the risk consequently imposed
on natural and cultural heritage. This has been
specifically addressed in the framework of two EU
funded Projects ProteCHt2save*” and STRENCH®%,
The analysis demonstrated that the impact linked to
extreme variations of precipitation and temperature
on monuments and archaeological sites in the
Mediterranean regions is likely to increase in the
near and far future (Bonazza et al. 2021).

3.4.2 Impacts on human health

3.4.2.1 Impacts of climate and geological
hazards on human health

Climate and geological shifts in the Mediterranean
Basin pose increasing risks to human health, with
longer, hotter summers and severe weather events
such as floods and fires. These environmental
changes threaten the physical and mental well-
being of coastal populations.

The Mediterranean Basin is one of the world regions
most profoundly influenced by changes in climate
and geological factors (Giorgi 2006; MedECC 2020b;
Tuel and Eltahir 2020). Serious health issues can
emerge from longer and warmer summers, more
sever heatwaves (or extreme events such as floods
and fires in coastal areas (Habib et al. 2010; Linares
et al. 2020a; Neira et al. 2023). In addition, coastal
populations are the most vulnerable to sea level rise.

The increase in storm-induced floods and gradual
inundation will be accentuated in the future
through climate change and this can lead to water-
borne and respiratory diseases. The increased
atmospheric pressure during thunderstorms
can lead to the occurrence of severe asthma
epidemics and initiate Idiopathic Spontaneous
Pneumothorax (ISP). Increased humidity can also
lead to mould allergies and the development of
asthma in susceptible individuals (Habib et al.
2010). Extreme events, such as floods, often also
disrupt medical care, with a particular impact on
vulnerable populations such as those with chronic
illnesses. Hospitals may be evacuated, transport

of medication is more challenging, etc. In addition,
electrical failures impact critical infrastructure
(power, water, sanitation and sewer), with potential
associated infectious diseases (waterborne
pathogens). The impact on mental health is also
to be considered, with potential post-traumatic
disorder and depression.

Rising temperatures causing droughts, fires and
heat waves (Wedler et al. 2023) are a serious threat
to health in Mediterranean populations. Extreme
droughts, which impact freshwater resources, can
cause public health problems, including drinking
water shortages and poor-quality drinking water.
Reduced river flow can increase the concentration
of pollutants in water and cause stagnation. Having
water available for drinking, cleaning, sanitation,
and hygiene is crucial for reducing many diseases.
In the Mediterranean:

¢ 30% of the population lives in water-scarce
countries;

e 220 million people suffer from water scarcity;

e 26 million do not have access to safely managed
drinking water services;

* 160 million do not have access to safe sanitation
(UNEP/MAP and Plan Bleu 2020).

Extreme heat leads to a significant increase in
mortality and illness, including heat stroke and
heat exhaustion (Lubczynska et al. 2015; Gauer
and Meyers 2019). As example, it is projected that
in Israel, there will be approximately 330 additional
deaths each summer under the RCP8.5 scenario in
the late 21st century, especially among individuals
aged 65 and above (Wedler et al. 2023), and other
susceptible populations, including people with
chronic health problems, outdoor labourers and
military personnel were identified as individuals
at greatest risk (Gauer and Meyers 2019; Watts
et al. 2019). In Cyprus, Heaviside et al. (2016)
anticipated that a 1°C temperature increase would
lead to a doubling of heat-related mortality and a
5°C increase would result in a rate eight times

42 https://programme2014-20.interreg-central.eu/Content.Node/ProteCHt2save.html

43 https://programme2014-20.interreg-central.eu/Content.Node/STRENCH.html
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higher than the baseline. In addition, heat exposure
triggers multiple physiological mechanisms that
cause damage to the brain, heart, intestines,
kidneys, liver, lungs, and pancreas. The increased
risk of heat-related mortality is particularly
prominent in densely urbanised regions bordering
the Mediterranean Sea, primarily attributed to the
widely recognised phenomenon known as the Urban
Heat Island (UHI) effect (Pyrgou and Santamouris
2018; Martinelli et al. 2020).

Lastly, more frequent wildfires (naturally or human
induced) will impact air quality, particularly,
affecting people with asthma, Chronic Obstructive
Pulmonary Disease (COPD), or heart disease, and
children, pregnant women, and firefighters.

Sea levelriseisalso associated with a greater risk of
exposure to mould from increased humidity, which
is responsible for respiratory diseases. Saltwater
migrating upstream in freshwater systems
increases salinity in rivers but also in groundwater
basins, thereby directly or indirectly affecting
human coastal population nutrition, through lower
crop production or reduced availability of safe
drinking water. Associated health impacts include
higher risk of hypertension and diarrheal disease.

Furthermore, SLR-induced impacts are expected
to lead to population displacement as livelihoods
in coastal regions become increasingly threatened
(Hauer et al. 2020). Reimann et al (2023] estimated
that up to 20 million people could face permanent
displacement within the Mediterranean region
(within the same country) by 2100 in the absence of
adaptation policies (low confidence). This projection
considered various combinations of SLR scenarios
and Shared Socioeconomic Pathways (SSP), with
the primary determinant being the population
exposed in the Low Elevation Coastal Zone (LECZ).
Consequently, it is more likely that the impact
of population displacement will be significantly
higher in the southern and eastern Mediterranean
countries, as the exposure in these regions is
approximately three times greater than that in the
northern countries (medium confidence).

3.4.2.2 Impacts of biological hazards on human
health

Variable weather conditions (mainly temperature,
rainfall and humidity] strongly influence the
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emergence of vector-borne diseases [(diseases
transmitted through insects) and water-borne
diseases. Recently, several outbreaks have been
observed and associated with local climate
changes in the Mediterranean Basin region (Paz
and Albersheim 2008; Paz et al. 2013). Currently,
the main vector-borne diseases transmitted by
mosquitoes and potentially exacerbated by the
changing climate in the Mediterranean Basin,
are West Nile Fever, Dengue, Chikungunya,
Malaria, and Leishmaniasis (Paz et al. 2008;
Colén-Gonzalez et al. 2021). In addition, higher
sea surface temperatures and heavy rainfall
leading to an abrupt decrease in salinity can have
a major effect on the abundance of pathogenic
bacteria (Vibrio species]) found in Mediterranean
marine, lagoon and estuarine environments. These
bacteria are recognised throughout the world as
agents of gastroenteritis in humans resulting from
the consumption of raw or undercooked seafood
and serious infections caused by exposure of
skin wounds to seawater (Guégan et al. 2018). In
addition, when sewers carrying urban andindustrial
wastewater are overloaded, untreated sewage can
flow into rivers, lakes, and coastal areas. This
can lead to greater exposure of populations to
contaminants, inadequate sanitation and unsafe
drinking water (UNEP/MAP and Plan Bleu 2020).

3.4.2.3 Impacts of chemical hazards on human
health

Coastal populations suffer from the cumulative
burden of environmental pollution resulting from
intense local activities and from upstream and inland
development. When concentrated in small, confined,
and overcrowded areas such as Mediterranean
coastal zones, air and water pollution poses great
threats to human health.

Two-thirds of the Mediterranean countries exceed
the global WHO recommended threshold for air
pollution from particulate matter and ozone even
though air pollution has been linked to a broad
spectrum of non-communicable diseases (diabetes,
cardiopulmonary  diseases, neurodegenerative
diseases, etc.). In addition, high levels of noise
caused by traffic can cause heart conditions and
reduce cognitive functions in children.

Some areas around the Mediterranean Basin have
concentrations of fine particulate matter (PMzs)




up to 100 uyg m=2 (world average: 39.6 yg m=3, EU
average: 14.2 ug m=3) (UNEP/MAP and Plan Bleu
2020). In the Mediterranean, air pollution is the
main environmental burden with 228,000 deaths per
year (UNEP/MAP and Plan Bleu 2020]). The impact
of air pollution on health is generally much higher
in SEMCs (southern and eastern Mediterranean
Countries) than in NMCs (Northern Mediterranean
Countries). Egypt is the country in the world with the
highest death rate attributed to ambient air pollution
(UNEP/MAP and Plan Bleu 2020).

Agriculture, coastal tourism and recreation,
transport, port and harbour activities, urban and
industrial development, mining, fisheries, and
aquaculture are all sources of marine pollution.
Marine pollution refers to thousands of physical,
chemical, and biologicalentities such as toxic metals,
petroleum, plastics, manufactured chemicals such
as pharmaceuticals or pesticides, excessive nutrient
load from agricultural runoff or sewage, Harmful
Algal Blooms (HABs), etc. The Mediterranean is one
of the regions of the world most affected by pollution
with half of its coastal waters failing to achieve good
environmental status (UNEP/MAP and Plan Bleu
2020). Above a certain level, these agents threaten
the health of living beings. Coastal populations are
particularly exposed to sea pollution (especially
populations from low and middle-income countries)
(Landrigan et al. 2020). In the Mediterranean, more
than 500,000 deaths occur each year as a result
of unhealthy environments. The rate of these
premature deaths is two to three times higher in
the southern and eastern Mediterranean countries
and the Balkans than in EU countries (UNEP/
MAP and Plan Bleu 2020). People can be exposed
to chemicals through dermal contact, ingestion,
inhalation or during development. Methylmercury
and PCBs are ocean pollutants whose human health
effects are best understood. Exposure of infants
in utero to these pollutants through maternal
consumption of contaminated seafood can damage
developing brains, reduce intelligence quotient (1Q)
and increase children’s risks for autism, attention
deficit hyperactivity disorder (ADHD) and learning
disorders. Adult exposure to methylmercury
increases the risks of cardiovascular disease and
dementia. Because of their small size, microplastics
are easily absorbed by organisms. Recently, studies
have shown that microplastics are present in the
human bloodstream and that microplastics cause
damage to human cells at the levels known to be

eaten by people via their food (Danopoulos etal. 2022;
Leslie et al. 2022). In addition, plastics can provide
transport and shelter to hazardous microorganisms,
including vectors for human disease. Toxic chemical
pollutants in the sea have been shown to be capable
of causing a wide range of diseases in humans.
Manufactured chemicals such as phthalates,
bisphenol A, flame retardants and perfluorinated
chemicals can disrupt endocrine signalling, reduce
male fertility, damage the nervous system, increase
the risk of cancer and cause cardiovascular and
metabolic diseases. Harmful algal blooms (HAB)
produce potent toxins that accumulate in fish and
shellfish. When ingested, these toxins can cause
severe neurological impairment and rapid death.
HAB toxins can also become airborne and cause
respiratory disease. Pathogenic marine bacteria
cause gastrointestinal diseases and deep wound
infections (Landrigan et al. 2020).

There are many thousands of types of man-made
marine pollution for most of which available
knowledge is very scarce, especially on the levels of
exposure and magnitude of human health impacts.
The majority of manufactured chemicals have never
been tested for safety or toxicity: only about 700 out
of 70,000 chemical substances on the market have
been studied for their risk impacts (UNEP/MAP and
Plan Bleu 2020). In addition, pollutants are rarely
present in the environment in isolation but instead
are found in complex mixtures. This creates even
more uncertainties about the possible combined
effects of exposure to mixtures of contaminants.
Lastly, there are synergistic effects between climate
change and chemical pollution. For example, climate
change appears to increase the toxicity of metals
and increase the frequency of toxic algal bloom and
pathogenic bacteria outbreaks as a result of rising
temperatures and extreme precipitation events
(Cabral et al. 2019).

Despite the severity of sea pollution and growing
recognition of its effects on health, significant
uncertainties remain. Because of these knowledge
gaps, the impacts of sea pollution on human
health and well-being are surely underestimated.
Therefore, in order to protect the public from
exposure to such harm, decision-makers should
adopt a precautionary approach and control
pollution in a coordinated manner because pollution
is transboundary, and all of the health impacts of
sea pollution fall disproportionately on vulnerable



populations of southern and eastern Mediterranean
countries.

As a concluding remark, the Mediterranean is
faced with the complex health impacts of climate
change, ranging from waterborne diseases to heat-
induced illnesses. The need for a comprehensive,
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precautionary approach to mitigate these risks is
clear. Tackling the environmental determinants of
health through coordinated pollution control and
adaptation strategies will be important in protecting
the well-being of the region’s most vulnerable
communities in the face of an unpredictable climate
future.




3.5 Impacts on natural systems

Coastal natural systems such as wetlands and deltaic
systems, in particular, are under the direct and
indirect impacts caused by high population density
and related human activities. Among these activities,
those that are most significant and the most harmful
include expanded agriculture to the detriment of
coastal wetlands and coastal urbanisation which have
generated adverse impacts on hydrological fluxes
and the salinity of surface water, overexploitation of
coastal groundwater which in turn have caused and
are still adversely impacting ecological systems. Sea
level rise due to climate change and due to coastal
subsidence continue to exacerbate unfavourable
conditions on Mediterranean low-lying natural
systems.

3.5.1 Impacts on coastal low-lying areas,
wetlands and deltaic systems

The Mediterranean wetlands occupy 2 to 3% of the
land area of the Mediterranean Basin and include a
diversity of ecosystems, including lagoons and salt

marshes, freshwater lakes, karstic cave systems,
temporary ponds, artificial wetlands such as
reservoirs, Salinas, fishponds and rice paddies, small
and scattered peatlands, and several large rivers
with their corresponding deltas. At the same time,
30% of the region’s vertebrate species depend on
Mediterranean wetlands (N. G. Taylor et al. 2021), and
across history, these ecosystems have contributed
multiple ecosystem services to different civilizations
and cultures, and to the identity and well-being of
communities, making them an important component
of Mediterranean social-ecological systems (Balbo
et al. 2017) (Figure 3.9).

Since 1900, 50% of wetlands have been lost, with
significantly high figures observed for various
wetland ecosystems across the region. 73% of
marshes have been drained in northern Greece
since 1930, 86% of the 78 most important wetlands
of France were degraded by 1994, 60% of primary
wetland area has been lost in Spain; and 84% of the
wetland area in the Medjerda Basin, Tunisia, was
lost during the 20th century (Balbo et al. 2017). While
this trend may have slowed down in recent years
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Figure 3.9 | Overview of the extent of Mediterranean wetlands. The area of each circle is proportional to
the wetland area. Yellow-orange-red circles represent continental surface wetlands; shading indicates the
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at low tide) on the Mediterranean coast of each country, plus Atlantic coasts for Morocco and Portugal. Data
from Perennou et al. (2012) and MWO (2018), as presented in N. G. Taylor et al. (2021).

(Balbo et al. 2017), the level of protection varies, and
recent research indicates that wetland sites in the
southeastern Mediterranean combined low or no
protection with the highest increases in temperature
and losses in natural habitats (Leberger et al. 2020).
In the Mediterranean, the largest coastal wetlands
are found in delta areas, such as those of the
Nile (Egypt), Rhone (France), Po (ltaly) and Ebro
(Spain) rivers. Delta areas are vulnerable to human
modification and climate change, with sea-level rise
considered a key threat causing increased flooding,
coastal erosion, extreme events, salinity intrusion
and habitat degradation.

Cultural uses of coastal wetlands, and particularly
the expansion of irrigated agricultural areas
and urban development, have led to significant
and complex changes to Mediterranean coastal
wetlands, with impacts on hydrological fluxes
and the salinity of surface water, in turn affecting
ecological communities. For example, in the case
of Donana wetlands, situated within the delta of the
Guadalquivir River (south-west Spain), 80% of its
original marsh surface area has been converted,
mainly for agriculture. Agricultural runoff, intense
urban development, inadequate wastewater
treatment, and extensive hydrological modifications




a EUTROPHICATION

b SALINIZATION

Figure 3.10 | Scheme showing the influence of eutrophication and salinisation on different aquatic
organisms of Mediterranean coastal wetlands. Arrows indicate an abundance increase or decrease caused
by (a) eutrophication and (b) salinisation. The summary is based on the reviewed studies by Martinez-Megias

and Rico (2022).

have led to high nutrient loading in the remaining
wetlands (Green et al. 2017). Furthermore, water
management associated with the expansion of
coastal tourism, combined with the effect of climate
change, could lead to reductions in groundwater
storage and saltwater intrusion (Maneas et al.
2019).

Rising  temperatures  will  likely  increase
evapotranspiration rates, which, combined with
reduced rainfall will enhance plant water stress and
increase water demands for crop irrigation. These
conditions will influence the water biota by favouring
species more tolerant to drought (high agreement,
medium evidence). Macroinvertebrate communities
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Figure 3.11 | Contemporary (1981-2013) annual water balance (precipitation minus evapotranspiration)
for each of the 229 Mediterranean localities under constant flood conditions. The thirteen localities for
which seasonal flooding patterns could not be simulated under the current climate conditions are shown in

grey. Source: Lefebvre et al. (2019).

are moderately resilient to salinity increases
but salinity increases to polyhaline conditions
cause drastic community simplifications in terms
of functional evenness, and loss of biodiversity
(Muresan etal. 2020). On the other hand, temperature
and salinity increases, combined with insecticide
exposure, contributed to a decline in zooplankton
diversity, but increased temperature was associated
with increased abundance while increased salinity
was associated with reduced abundance across all
zooplankton groups (Figure 3.10) (Vilas-Boas et al.
2021; Martinez-Megias and Rico 2022). Excessive
nutrient loading also leads to changes in the biotic
community and may lead to dominance by blue-
green algae (cyanobacteria) or floating plants,
triggering losses in biodiversity and ecosystem
services. Eutrophication and higher temperatures
work in combination to reduce levels of dissolved
oxygen, causing lethal and non-lethal effects (Green
et al. 2017).

Decreases in mean precipitation and precipitation
variability during the dry season are likely to have
profound effects on Mediterranean wetlands,
however, the impact of climate change on wetlands
will be closely tied to changes in water deficits,
which are currently heterogeneous across the
Mediterranean region (Figure 3.717). In a study
investigating how climate change will affect the
values and functions of Mediterranean seasonally-
flooded wetlands with emergent vegetation, using
future projections of the relevant climate variables
under two Representative Concentration Pathway
scenarios assuming stabilisation [(RCP4.5) or
increase (RCP8.5) in greenhouse gas emissions,
increases in water deficits in most localities around
2050 under both RCP scenarios were recorded.
Simulations performed under current conditions
show that 97% of localities could have wetland
habitats in a good state. By 2050, however, this
proportion would decrease to 81% and 68% under




the RCP4.5 and RCP8.5 scenarios, decreasing
further to 52% and 27% by 2100. Results from this
study indicate that wetlands can persist with up to a
400 mm decrease in annual precipitation, with this
resilience being attributed to the semi-permanent
character of wetlands and their capacity to function
asreservoirs. Countries at the highest risk of wetland
degradation and loss were identified as Algeria,
Morocco, Portugal, and Spain (Lefebvre et al. 2019).

A rise in sea level of 0.16 m (RCP8.5) in the short
term (2026-2045) and 0.79 m (RCP8.5] by the end
of the 21st century (2081-2100) are predicted by
the CMIP5 models. On the other hand, the extreme
proposed scenarios indicate rises from 1.35 m to
1.92 m by the end of the 21st century. The IPCC
scenarios will lead to the loss of coastal wetlands
[high agreement, robust evidence). For example, the
IPCC scenarios are expected to lead to the loss of
96 km? of the Jucar River Basin District in Spain,
with wetlands having high ecological value and
protected under the RAMSAR convention* and
as part of the Natura 2000 Network®. The high-
end scenarios significantly increased the areas at
high risk to 142 km? and impacted an urban area
of 27 km? (Estrela-Segrelles et al. 2021). Sea level
rise interacts with other climate factors such as
temperature rise and frequency of storms, and
non-climate drivers such as the lack of sedimentary
contributions due to the regulation of riverbeds,
the overexploitation of water resources and
coastal aquifers, and associated coastal erosion
and seawater intrusion (high agreement; limited
evidence] (Maneas et al. 2019; Estrela-Segrelles et
al. 2021; Ferrarini et al. 2021; Rodriguez-Santalla
and Navarro 2021).

3.5.2 Impacts on coastal ecosystems

Coastal ecosystems and people are facing significant
risks from sea-level rise which are susceptible
to increase tenfold before 2100 if no adaptation
options and mitigation scenarios have been taken
into consideration and implemented in accordance
with the Paris Agreement. With extreme emission
scenarios that do not limitwarming to 1.5°C, the rising
sea level will increase the risk of coastal erosion and

44 https://www.ramsar.org/

coastal land submergence, loss of coastal habitat,
and ecosystem loss. It will also cause groundwater
salinisation, compromising coastal ecosystems
and livelihoods. The Mediterranean is known for
its micro-tidal nature, which would increase the
susceptibility to coastal hazards related to climate
change. The coastal zone refers to the physical region
from the edge of the continental shelf to the intertidal
and near-shore terrestrial area. It includes a wide
range of near-shore terrestrial, intertidal, benthic,
and pelagic ecosystems with some main categories
being estuaries, coastal marshes, seagrass, and
benthic systems (X. Yang 2008; Oppenheimer et al.
2019). Coastal ecosystems are highly impacted by a
combination of conditions, including sea level rise,
coastal erosion, acidification, and other climate-
related ocean changes. They are also experiencing
some adverse effects derived from urbanization
and human activities on the ocean and land. The
Mediterranean Basin is experiencing continuous
changes in environmental conditions, creating major
challenges, and introducing new vulnerabilities to
its natural and human systems. Coastal ecosystems
could progressively lose their ability to adapt to
climate-induced changes and consequently their
services, including acting as coastal protective
barriers (Oppenheimer et al. 2019). Loss of breeding
substrate, including mostly coastal habitats such as
sandy beaches, can reduce the available nesting or
pupping habitat for land-breeding marine animals
and seabirds.

Coastal erosion is a major cause of the loss of
ecosystem services provided by beaches, as
most habitats in coastal areas could be affected,
degraded, or disappear as erosion progresses
(Paprotny et al. 2021). In a study to evaluate the effect
of coastal erosion along the northern Mediterranean
Basin (the European coast] for ecosystem services
under the RCP4.5 and RCP8.5 scenarios estimates a
5% decline in services by 2100 under RCP8.5 showing
high spatial variability with the largest estimated
declines in the eastern Mediterranean. The value of
ecosystem services declined by €323 million between
2000 and 2018. The majority of the coastal services
decline was mainly attributed to forest contraction
and intense agriculture, which was partially offset

45 https://environment.ec.europa.eu/topics/nature-and-biodiversity/natura-2000_en
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by the expansion of wetlands, mainly salt marshes.
Salt marshes are among the most climate-affected
coastal habitat, although they are well-known for
wave attenuation and for their role in reducing
erosion and flooding (Kirwan and Guntenspergen
2010; Temmerman et al. 2012, 2023; Arkema et
al. 2013; Vuik et al. 2016). Erosion-destroyed salt
marshes or sand dunes along coastlines are more
endangered than others. Saline bodies, estuaries,
inland marshes, and natural grasslands would also
be among the most affected habitats.

Coastal erosion has been affecting most of the
Mediterranean coastal zones with growing intensity
along the European coasts due to climate change
(Terefenko et al. 2018a, 2018b, 2019; Paprotny et al.
2021). The Mediterranean hotspots of erosion impacts
are discussed in detail in Section 3.2.2 of this report.
The major losses were in beaches, sand, and dunes
and the most affected countries in the Mediterranean
Basin are Albania, Greece and France and could be
among those to lose the largest share of their coastal
ecosystem services. Erosion could also create a
new challenge with regard to flooding, affecting
coastal lagoons by causing beach loss and changing
their characteristics and services. Climate-induced
saltwater intrusions could also vigorously affect many
other coastal habitats (Barlow and Reichard 2010].

Annual damage is projected to rise by 90 to 900
times if future climate change scenarios and socio-
economic trends are combined. Rising sea levels
increase storm wave frequency, and reduce the
sediment supply to the coast, while anthropogenic
degradation, and coastal transformation could lead to
an irretrievable loss of ecosystem services (Barbier
et al. 2011; Ranasinghe 2016).

With regards to systems and habitats close to shore,
it is still uncertain how anthropogenic CO2 inputs and
the resulting rapid acidification could affect coastal
systems, mainly due to the lack of data. However,
some research in the Mediterranean has examined
changes in ocean chemistry and how it affects
marine and coastal ecosystems, as well as socio-
economic sectors. These studies have identified
tourism and recreation, red coral extraction, and
fisheries as the sectors more likely to be affected
(Rodrigues et al. 2013; Peled et al. 2018; Hassoun
et al. 2022). Ramajo et al. (2019) and others have
suggested treating the acidification problem with
seagrasses which may provide ‘refugia’ from ocean
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acidification for associated calcifying organisms as
their photosynthetic activity can raise pH above the
thresholds for impacts on calcification and/or limit
the time spent below some critical pH thresholds. It
has been proven that seagrass covers are effective
in decreasing runoff and reducing soil losses
particularly during the summer and under intense
events (Ramajo et al. 2019).

Any changes in sediment supply, industrial
development, and urban processes can enhance
the vulnerability of coastal sandy beaches and
saltmarshes to sea-level rise. Mediterranean aquifer
systems and other water bodies are experiencing
high exploitation levels with increased water demand
and salinisation. In addition, growing population
increases the human demand for water, and this
puts additional pressure on water resources and
increases the severity of water scarcity dramatically
(Iglesias and Garrote 2018; Bond et al. 2019). The
long-term changes induced by climate, particularly
marine heatwaves, are significantly affecting marine
ecosystems, causing mortality or bleaching of coral
and mass mortalities of other species leading to a
decline of kelp forests, loss of seagrass-meadow
habitats, invasion of new species, and acute changes
in the community structure of several marine
ecosystems andincreased carbon emissions. Harmful
blooms of algal species and other waterborne
diseases have increased as a consequence of climate
change and this disturbance threatens human
health and livelihoods of coastal communities (see
Chapter 2). However, most of these risks are still
uncertain at transboundary and regional levels,
which may pose major challenge for cooperation
among Mediterranean countries [(Reimann et
al. 2018b; Vafeidis et al. 2020).

In conclusion, the Mediterranean natural system
is facing continued adverse impacts leading to
increased vulnerabilities to the environment and
humans. Coastal ecosystems that act as protective
barriers [(e.g. sandy beaches, marshlands, sand
dunes) and mitigate climate change impacts are
under severe risks (high confidence). It is very likely
that the consequence may result in progressive loss
of ecosystem services or loss of their ability to adapt
to climate-induced changes. Bearing in mind that
the prosperity of the Mediterranean population relies
on the health of natural systems, proactive planning
is essential in mitigating the increasing risks and
hazards associated with climate change.




3.6 Final remarks

Regardless of the underlying causes triggering
coastal hazards in the Mediterranean Basin, their
extent, and their cumulative action under current
conditions on existing assets and values along the
coastline designate it as a high-risk area. Despite
inherent  uncertainties, anticipated changes
in these hazards will escalate risks to people,
infrastructure, and natural resources. While some
risks are localised, many transcend national
borders, underscoring the necessity for robust
transboundary and regional cooperation among
Mediterranean countries to effectively address
these significant challenges.




)
X
=
[
o
c
o
n
b
(=)
S
o
E




References

Abd-Elmabod S. K., Munoz-Rojas M., Jordan A., Anaya-
Romero M., Phillips J. D., Jones L., Zhang Z., Pereira
P., Fleskens L., Van Der Ploeg M., and De La Rosa
D. (2020). Climate change impacts on agricultural
suitability and yield reduction in a Mediterranean
region. Geoderma, 374, 114453.
doi: 10.1016/j.geoderma.2020.114453

Abella A., Ria M., and Mancusi C. (2010). Assessment of
the status of the coastal groundfish assemblage
exploited by the Viareggio fleet (Southern Ligurian
Sea). Scientia Marina, 74(4), 793-805.
doi: 10.3989/scimar.2010.74n4793

Abo ELl Nile M. (2017). Potential Impact of Climate
Change on Beach Tourism in MENA Countries: A
Survey Based Study. Journal of Association of Arab
Universities for Tourism and Hospitality, 14(1), 111-
126. doi: 10.21608/jaauth.2017.50040

Abutaleb K. A. A., Mohammed A. H. E.-S., and Ahmed M. H.
M. (2018). Climate Change Impacts, Vulnerabilities
and Adaption Measures for Egypt’s Nile Delta. Earth
Systems and Environment, 2(2), 183-192.
doi: 10.1007/s41748-018-0047-9

Agoubi B. (2021). A review: saltwater intrusion in North
Africa’s coastal areas—current state and future
challenges. Environmental Science and Pollution
Research, 28(14), 17029-17043.
doi: 10.1007/s11356-021-12741-z

Aguilera E., Diaz-Gaona C., Garcia-Laureano R., Reyes-
Palomo C., Guzman G. I, Ortolani L., Sanchez-
Rodriguez M., and Rodriguez-Estévez V. (2020).
Agroecology for adaptation to climate change and
resource depletion in the Mediterranean region. A
review. Agricultural Systems, 181, 102809.
doi: 10.1016/j.agsy.2020.102809

Albouy C., Guilhaumon F., Leprieur F., Ben Rais Lasram
F., Somot S., Aznar R., Velez L., Le Loc’h F., and
Mouillot D. (2013). Projected climate change and the
changing biogeography of coastal Mediterranean
fishes. Journal of Biogeography, 40(3), 534-547.
doi: 10.1111/jbi.12013

Alfieri L., Burek P., Feyen L., and Forzieri G. (2015). Global

warming increases the frequency of river floods in

Europe. Hydrology and Earth System Sciences, 19(5),

2247-2260. doi: 10.5194/hess-19-2247-2015

Cramer W., Carnicer J., Georgopoulou E., Hilmi N.

J. M., Le Cozannet G., and Lionello P. (2022). Cross-

Chapter Paper 4: Mediterranean Region. In H.-0.

Portner, D. C. Roberts, M. Tignor, E. S. Poloczanska,

K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf,

S. Léschke, V. Moller, A. Okem, & B. Rama (Eds.),

Climate Change 2022: Impacts, Adaptation and

Vulnerability. Contribution of Working Group Il to the

Sixth Assessment Report of the Intergovernmental

Panel on Climate Change. Cambridge University

Press, Cambridge, UK and New York, NY, USA, pp.

2233-2272. doi: 10.1017/9781009325844.021

Ali E.,

Al-Jawaldeh A., Nabhani M., Taktouk M., and Nasreddine L.
(2022). Climate Change and Nutrition: Implications
for the Eastern Mediterranean Region. International
Journal of Environmental Research and Public Health,
19(24), 17086. doi: 10.3390/ijerph192417086

Alkhawaga A., Zeidan B., and Elshemy M. (2022). Climate
change impacts on water security elements of Kafr
El-Sheikh governorate, Egypt. Agricultural Water
Management, 259, 107217.
doi: 10.1016/j.agwat.2021.107217

Almar R., Ranasinghe R., Bergsma E. W. J., Diaz H.,
Melet A., Papa F., Vousdoukas M., Athanasiou P,
Dada 0., Almeida L. P., and Kestenare E. (2021).
A global analysis of extreme coastal water levels
with implications for potential coastal overtopping.
Nature Communications, 12(1), 3775.
doi: 10.1038/s41467-021-24008-9

Amarouche K., Akpinar A., Cakmak R. E., Houma F., and
Bachari N. E. I. (2020). Assessment of storm events
along the Algiers coast and their potential impacts.
Ocean Engineering, 210, 107432.
doi: 10.1016/j.0ceaneng.2020.107432

Amarouche K., Akpinar A., and Semedo A. (2022). Wave
storm events in the Western Mediterranean Sea
over four decades. Ocean Modelling, 170, 101933.
doi: 10.1016/j.0cemod.2021.101933

Amelung B., and Viner D. (2006). Mediterranean Tourism:
Exploring the Future with the Tourism Climatic
Index. Journal of Sustainable Tourism, 14(4), 349-
366. doi: 10.2167/jost549.0

Amengual A., Homar V., Romero R., Ramis C., and Alonso
S. (2014). Projections for the 21st century of the
climate potential for beach-based tourism in the
Mediterranean. International Journal of Climatology,
34(13), 3481-3498. doi: 10.1002/joc.3922

Amores A., Marcos M., Carrié D. S., and Gémez-Pujol L.
(2020). Coastal impacts of Storm Gloria (January
2020) over the north-western Mediterranean.
Natural Hazards and Earth System Sciences, 20(7),
1955-1968. doi: 10.5194/nhess-20-1955-2020

AmrouniO.,HzamiA.,andHeggyE.(2019). Photogrammetric
assessment of shoreline retreat in North Africa:
Anthropogenic and natural drivers. ISPRS Journal
of Photogrammetry and Remote Sensing, 157, 73-92.
doi: 10.1016/j.isprsjprs.2019.09.001

Anfuso G., and Nachite D. (2011). Climate change and the
Mediterranean southern coasts. In A. Jones & M.
Phillips (Eds.), Disappearing destinations: Climate
change and future challenges for coastal tourism (1st
ed., pp. 99-110). CABI.
doi: 10.1079/9781845935481.0099

Anfuso G., Pranzini E., and Vitale G. (2011). An integrated
approach to coastal erosion problems in northern
Tuscany (ltaly): Littoral morphological evolution
and cell distribution. Geomorphology, 129(3-4), 204~
214. doi: 10.1016/j.geomorph.2011.01.023



https://doi.org/10.1016/j.geoderma.2020.114453
https://doi.org/10.3989/scimar.2010.74n4793
https://doi.org/10.21608/jaauth.2017.50040
https://doi.org/10.1007/s41748-018-0047-9
https://doi.org/10.1007/s11356-021-12741-z
https://doi.org/10.1016/j.agsy.2020.102809
https://doi.org/10.1111/jbi.12013
https://doi.org/10.5194/hess-19-2247-2015
https://doi.org/10.1017/9781009325844.021
https://doi.org/10.3390/ijerph192417086
https://doi.org/10.1016/j.agwat.2021.107217
https://doi.org/10.1038/s41467-021-24008-9
https://doi.org/10.1016/j.oceaneng.2020.107432
https://doi.org/10.1016/j.ocemod.2021.101933
https://doi.org/10.2167/jost549.0
https://doi.org/10.1002/joc.3922
https://doi.org/10.5194/nhess-20-1955-2020
https://doi.org/10.1016/j.isprsjprs.2019.09.001
https://doi.org/10.1079/9781845935481.0099
https://doi.org/10.1016/j.geomorph.2011.01.023

Managing climate and environmental risks

Antonioli F., Anzidei M., Amorosi A., Lo Presti V,
Mastronuzzi G., Deiana G., De Falco G., Fontana A,,
Fontolan G., Lisco S., Marsico A., Moretti M., Orru
P. E., Sannino G. M., Serpelloni E., and Vecchio A.
(2017). Sea-level rise and potential drowning of the
Italian coastal plains: Flooding risk scenarios for
2100. Quaternary Science Reviews, 158, 29-43.
doi: 10.1016/j.quascirev.2016.12.021

Antonioli F., De Falco G., Lo Presti V., Moretti L., Scardino
G., Anzidei M., Bonaldo D., Carniel S., Leoni G.,
Furlani S., Marsico A., Petitta M., Randazzo G.,
Scicchitano G., and Mastronuzzi G. (2020). Relative
Sea-Level Rise and Potential Submersion Risk for
2100 on 16 Coastal Plains of the Mediterranean
Sea. Water, 12(8), 2173. doi: 10.3390/w12082173

Anzidei M., Scicchitano G., Scardino G., Bignami C.,
Tolomei C., Vecchio A., Serpelloni E., De Santis V.,
Monaco C., Milella M., Piscitelli A., and Mastronuzzi
G. (2021). Relative Sea-Level Rise Scenario for 2100
along the Coast of South Eastern Sicily (ltaly] by
INSAR Data, Satellite Images and High-Resolution
Topography. Remote Sensing, 13(6), 1108.
doi: 10.3390/rs13061108

Arabadzhyan A., Figini P., Garcia C., Gonzdlez M. M,
Lam-Gonzalez Y. E., and Ledn C. J. (2021). Climate
change, coastal tourism, and impact chains - a
literature review. Current Issues in Tourism, 24(16),
2233-2268. doi: 10.1080/13683500.2020.1825351

Aragdo G. M., Lépez-Lopez L., Punzén A., Guijarro E.,
Esteban A., Garcia E., Gonzalez-Irusta J. M., Polo
J., Vivas M., and Hidalgo M. (2022). The importance
of regional differences in vulnerability to climate
change for demersal fisheries. ICES Journal of
Marine Science, 79(2), 506-518.
doi: 10.1093/icesjms/fsab134

Arkema K. K., Guannel G., Verutes G., Wood S. A., Guerry
A., Ruckelshaus M., Kareiva P., Lacayo M., and
Silver J. M. (2013). Coastal habitats shield people
and property from sea-level rise and storms.
Nature Climate Change, 3(10], 913-918.
doi: 10.1038/nclimate1944

ARLEM (2021). Report on Agriculture & Food Security in
the context of climate change in the Mediterranean.
https://cpmr-intermed.org/download/arlem-
report-on-agriculture-food-security-in-the-
context-of-climate-change-in-the-mediterranean/

Armaroli C., Ciavola P., Perini L., Calabrese L., Lorito S.,
Valentini A., and Masina M. (2012). Critical storm
thresholds for significant morphological changes
and damage along the Emilia-Romagna coastline,
Italy. Geomorphology, 143-144, 34-51.
doi: 10.1016/j.geomorph.2011.09.006

Armaroli C., and Duo E. (2018). Validation of the coastal
storm risk assessment framework along the
Emilia-Romagna coast. Coastal Engineering, 134,
159-167. doi: 10.1016/j.coastaleng.2017.08.014

Armaroli C., Duo E., and Viavattene C. (2019). From Hazard
to Consequences: Evaluation of Direct and Indirect
Impacts of Flooding Along the Emilia-Romagna
Coastline, Italy. Frontiers in Earth Science, 7, 203.
doi: 10.3389/feart.2019.00203

Arns A., Dangendorf S., Jensen J., Talke S., Bender J.,
and Pattiaratchi C. (2017). Sea-level rise induced
amplification of coastal protection design heights.
Scientific Reports, 7(1), 40171.
doi: 10.1038/srep40171

Atay M. U. (2015). The Impact of Climate Change on
Agricultural Production in Mediterranean Countries.
Middle East Technical University (Turkey) ProQuest
Dissertations & Theses.
https://hdl.handle.net/11511/25215

Attard M. (2015). The impact of global environmental
change on transport in Malta. Xjenza Online- Journal
of The Malta Chamber of Scientists, 3(2), 141-152.
doi: 10.7423/xjenza.2015.2.06

Aucelli P. P, Di Paola G., Incontri P., Rizzo A., Vilardo
G., Benassai G., Buonocore B., and Pappone G.
(2017). Coastal inundation risk assessment due to
subsidence and sea level rise in a Mediterranean
alluvial plain (Volturno coastal plain - southern
Italy). Estuarine, Coastal and Shelf Science, 198, 597~
609. doi: 10.1016/].ecss.2016.06.017

Ayllén D., Railsback S. F., Harvey B. C., Garcia Quirds I.,
Nicola G. G., Elvira B., and Almoddvar A. (2019).
Mechanistic simulations predict that thermal
and hydrological effects of climate change on
Mediterranean trout cannot be offset by adaptive
behaviour, evolution, and increased food production.
Science of The Total Environment, 693, 133648.
doi: 10.1016/].scitotenv.2019.133648

Azzurro E., Smeraldo S., and D'’Amen M. (2022). Spatio-
temporal dynamics of exotic fish species in the
Mediterranean Sea: Over a century of invasion
reconstructed. Global Change Biology, 28(21), 6268~
6279. doi: 10.1111/gcb.16362

Babeyko A., Lorito S., Hernandez F., Lauterjung J., Lgvholt
F., Rudloff A., Sgrensen M., Androsov A., Aniel-
Quiroga ., Armigliato A., Baptista M. A., Baglione E.,
Basili R., Behrens J., Brizuela B., Bruni S., Cambaz
D., Cantavella Nadal J., Carillho F., ... Yalciner A.
(2022). Towards the new Thematic Core Service
Tsunami within the EPOS Research Infrastructure.
Annals of Geophysics, 65(2), DM215.
doi: 10.4401/ag-8762

Béez J. C., Pennino M. G., Albo-Puigserver M., Coll M.,
Giraldez A., and Bellido J. M. (2022). Effects of
environmental conditions and jellyfish blooms on
small pelagic fish and fisheries from the Western
Mediterranean Sea. Estuarine, Coastal and Shelf
Science, 264, 107699.
doi: 10.1016/j.ecss.2021.107699

Baglivo C., Congedo P. M., Murrone G., and Lezzi D. (2022).
Long-term predictive energy analysis of a high-
performance building in a mediterranean climate
under climate change. Energy, 238, 121641.
doi: 10.1016/j.energy.2021.121641

Balbo A. L., Martinez-Fernandez J., and Esteve-Selma
M. (2017). Mediterranean wetlands: archaeology,
ecology, and sustainability. WIREs Water, 4(6).
https://doi.org/10.1002/wat2.1238



https://doi.org/10.1016/j.quascirev.2016.12.021
https://doi.org/10.3390/w12082173
https://doi.org/10.3390/rs13061108
https://doi.org/10.1080/13683500.2020.1825351
https://doi.org/10.1093/icesjms/fsab134
https://doi.org/10.1038/nclimate1944
https://cpmr-intermed.org/download/arlem-report-on-agriculture-food-security-in-the-context-of-climate-change-in-the-mediterranean/
https://cpmr-intermed.org/download/arlem-report-on-agriculture-food-security-in-the-context-of-climate-change-in-the-mediterranean/
https://cpmr-intermed.org/download/arlem-report-on-agriculture-food-security-in-the-context-of-climate-change-in-the-mediterranean/
https://doi.org/10.1016/j.geomorph.2011.09.006
https://doi.org/10.1016/j.coastaleng.2017.08.014
https://doi.org/10.3389/feart.2019.00203
https://doi.org/10.1038/srep40171
file:///Volumes/ZEN_JOB/%e2%80%a2%20JOB/Medecc/Costal%20Risks/sr%20coast%20layout%20-%20envoi%20zen%2017%2006%202025/.%20https:/hdl.handle.net/11511/25215
file:///Volumes/ZEN_JOB/%e2%80%a2%20JOB/Medecc/Costal%20Risks/sr%20coast%20layout%20-%20envoi%20zen%2017%2006%202025/.%20https:/hdl.handle.net/11511/25215
https://doi.org/10.7423/xjenza.2015.2.06
https://doi.org/10.1016/j.ecss.2016.06.017
https://doi.org/10.1016/j.scitotenv.2019.133648
https://doi.org/10.1111/gcb.16362
https://doi.org/10.4401/ag-8762
https://doi.org/10.1016/j.ecss.2021.107699
https://doi.org/10.1016/j.energy.2021.121641
https://doi.org/10.1002/wat2.1238

Ballesteros C., Jiménez J. A., Valdemoro H. I., and Bosom
E. (2018). Erosion consequences on beach functions
along the Maresme coast (NW Mediterranean,
Spain). Natural Hazards, 90(1), 173-195.
doi: 10.1007/s11069-017-3038-5

Balzan M.V, Hassoun A. E. R., Aroua N., Baldy V., Dagher M.
B., Branquinho C., Dutay J.-C., Bour M. El, Médail
F., Mojtahid M., Moran-Ordénez A., Roggero P. P.,
Heras S. R., Schatz B., Vogiatzakis I. N., Zaimes G.
N., and Ziveri P. (2020). Chapter 4: Ecosystems. In
W. Cramer, J. Guiot, & K. Marini (Eds.), Climate and
Environmental Change in the Mediterranean Basin
- Current Situation and Risks for the Future. First
Mediterranean Assessment Report. Union for the
Mediterranean, Plan Bleu, UNEP/MAP, Marseille,
France, pp. 323-468. doi: 10.5281/zenodo.7101089

Barbier E. B., Hacker S. D., Kennedy C., Koch E. W., Stier A.
C., and Silliman B. R. (2011). The value of estuarine
and coastal ecosystem services. Ecological
Monographs, 81(2), 169-193. doi:10.1890/10-1510.1

Barhoumi B., Metian M., Zaghden H., Derouiche A., Ben
Ameur W., Ben Hassine S., Oberhaensli F., Mora J.,
Mourgkogiannis N., Al-Rawabdeh A. M., Chouba L.,
Alonso-Hernandez C. M., Karapanagioti H. K., Driss
M. R., Mliki A., and Touil S. (2023). Microplastic-
sorbed persistent organic pollutants in coastal
Mediterranean Sea areas of Tunisia. Environmental
Science: Processes & Impacts, 25(8), 1347-1364.
doi: 10.1039/d3em0016%e

Barlow P. M., and Reichard E. G. (2010). Saltwater intrusion
in coastal regions of North America. Hydrogeology
Journal, 18(1), 247-260.
doi: 10.1007/s10040-009-0514-3

Basso L., Rizzo L., Marzano M., Intranuovo M., Fosso B.,
Pesole G., Piraino S., and Stabili L. (2019). Jellyfish
summer outbreaks as bacterial vectors and
potential hazards for marine animals and humans
health? The case of Rhizostoma pulmo (Scyphozoa,
Cnidaria). Science of The Total Environment, 692,
305-318. doi: 10.1016/].scitotenv.2019.07.155

Bazzana D., Comincioli N., El Khoury C., Nardi F., and
Vergalli S. (2023). WEF Nexus Policy Review of Four
Mediterranean Countries. Land, 12(2), 473.
doi: 10.3390/land 12020473

Beiras R. (2018). Marine Pollution: Sources, Fate and Effects
of Pollutants in Coastal Ecosystems. Elsevier.
doi: 10.1016/c2017-0-00260-4

Bell J. D., Allain V., Sen Gupta A., Johnson J., Hampton
J., Hobday A., Lehodey P., Lenton A., Morre B.,
Pratchett M., Senina ., Smith N., and Williams P.
(2018). Climate change impacts, vulnerabilities
and adaptations: Western and Central Pacific
Ocean marine fisheries. In M. Barange, T. Bahri,
K. Cochranes, S. Funge-Smith, & F. Poulain
(Eds.), Impacts of climate change on fisheries
and aquaculture: Synthesis of current knowledge,
adaptation and mitigation options. FAO Fisheries
and Aquaculture Technical Paper, No. 627. Rome,
FAO. pp. 305-324. https://openknowledge.fao.org/
handle/20.500.14283/i9705en

Ben Hamed S., Guardiola F., Cuesta A., Martinez S.,
Martinez-Sanchez M. J., Pérez-Sirvent C., and
Esteban M. A. (2017). Head kidney, liver and skin
histopathology and gene expression in gilthead
seabream (Sparus aurata L.) exposed to highly
polluted marine sediments from Portman Bay
(Spain). Chemosphere, 174, 563-571.
doi: 10.1016/j.chemosphere.2017.02.009

Berghuijs W. R., Harrigan S., Molnar P., Slater L. J., and

Kirchner J. W. (2019). The Relative Importance of

Different Flood-Generating Mechanisms Across

Europe. Water Resources Research, 55(6), 4582-

4593. doi: 10.1029/2019wr024841

S. K. (2010). Functional groups of ecosystem

engineers: Aproposed classification withcomments

on current issues. Integrative and Comparative

Biology, 50(2), 147-157. doi: 10.1093/icb/icq077

Besset M., Anthony E. J., and Bouchette F. (2019).
Multi-decadal variations in delta shorelines and
their relationship to river sediment supply: An
assessment and review. Earth-Science Reviews,
193, 199-219. doi: 10.1016/j.earscirev.2019.04.018

Bevacqua E., Maraun D., Vousdoukas M. I., Voukouvalas
E., Vrac M., Mentaschi L., and Widmann M. (2019).
Higher probability of compound flooding from
precipitation and storm surge in Europe under
anthropogenic climate change. Science Advances,
5(9), eaawb531. doi: 10.1126/sciadv.aaw5531

Bjérklund H., Bondestam J., and Bylund G. (1990). Residues
of oxytetracycline in wild fish and sediments from
fish farms. Aquaculture, 86(4), 359-367.
doi: 10.1016/0044-8486(90)90324-g

Blackburn T. M., Bellard C., and Ricciardi A. (2019).
Alien versus native species as drivers of recent
extinctions. Frontiers in Ecology and the Environment,
17(4), 203-207. doi: 10.1002/fee.2020

Bloschl G., Hall J., Viglione A., Perdigao R. A. P., Parajka J.,

Merz B., Lun D., Arheimer B., Aronica G. T., Bilibashi

A., Boha¢ M., Bonacci 0., Borga M., Canjevac I,

Castellarin A., Chirico G. B., Claps P., Frolova N.,

Ganora D., ... Zivkovi¢ N. (2019). Changing climate

both increases and decreases European river

floods. Nature, 573(7772), 108-111.

doi: 10.1038/s41586-019-1495-6

F., Bouillon J., Gravili C., Miglietta M., Parsons

T., and Piraino S. (2008). Gelatinous plankton:

irregularities rule the world (sometimes). Marine

Ecology Progress Series, 356, 299-310.

doi: 10.3354/meps07368

Bonazza A. (2022). Sustainable heritage and climate
change. In K. Fouseki, M. Cassar, G. Dreyfuss,
& K. Ang Kah Eng (Eds.), Routledge Handbook of
Sustainable Heritage,. Routledge: London, United
Kingdom, pp. 263-271. doi: 10.4324/9781003038955

Bonazza A., Messina P., Sabbioni C., Grossi C. M., and
Brimblecombe P. (2009a). Mapping the impact of
climate change on surface recession of carbonate
buildingsin Europe. Science of The Total Environment,
407(6), 2039-2050.
doi: 10.1016/].scitotenv.2008.10.067

Berke

Boero



https://doi.org/10.1007/s11069-017-3038-5
https://doi.org/10.1890/10-1510.1
https://doi.org/10.1039/d3em00169e
https://doi.org/10.1007/s10040-009-0514-3
https://doi.org/10.1016/j.scitotenv.2019.07.155
https://doi.org/10.3390/land12020473
https://doi.org/10.1016/c2017-0-00260-4
https://openknowledge.fao.org/handle/20.500.14283/i9705en
https://openknowledge.fao.org/handle/20.500.14283/i9705en
https://doi.org/10.1016/j.chemosphere.2017.02.009
https://doi.org/10.1029/2019wr024841
https://doi.org/10.1093/icb/icq077
https://doi.org/10.1016/j.earscirev.2019.04.018
https://doi.org/10.1126/sciadv.aaw5531
https://doi.org/10.1016/0044-8486(90)90324-g
https://doi.org/10.1002/fee.2020
https://doi.org/10.1038/s41586-019-1495-6
https://doi.org/10.3354/meps07368
https://doi.org/10.4324/9781003038955
https://doi.org/10.1016/j.scitotenv.2008.10.067

Bonazza A., Sabbioni C., Messina P., Guaraldi C., and De
Nuntiis P. (2009b). Climate change impact: Mapping
thermal stress on Carrara marble in Europe.
Science of The Total Environment, 407(15), 4506-
4512. doi: 10.1016/].scitotenv.2009.04.008

Bonazza A., Sardella A., Kaiser A., Cacciotti R., De Nuntiis
P., Hanus C., Maxwell ., Drdacky T., and Drdacky M.
(2021). Safeguarding cultural heritage from climate
change related hydrometeorological hazards in
Central Europe. International Journal of Disaster
Risk Reduction, 63, 102455.
doi: 10.1016/].ijdrr.2021.102455

Bond N. R., Burrows R. M., Kennard M. J., and Bunn S.
E. (2019). Water Scarcity as a Driver of Multiple
Stressor Effects. In Multiple Stressors in River
Ecosystems (pp. 111-129). Elsevier.
doi: 10.1016/b978-0-12-811713-2.00006-6

Bosello F., Eboli F., and Pierfederici R. (2013). Climate
Change Impacts: A New Integrated Assessment.
SSRN Electronic Journal. doi: 10.2139/ssrn.2491657

Bosello F., Roson R., and Tol R. S. J. (2007). Economy-wide
estimates of the implications of climate change: Sea
level rise. Environmental and Resource Economics,
37(3), 549-571. doi: 10.1007/s10640-006-9048-5

Bouregaa T. (2022]. Climate change projections for Algeria:
the 2030 water sector development strategy.
Foresight, 25, 516-534. doi: 10.1108/fs-05-2021-0110

Bozoglu M., Baser U., Eroglu N. A., and Topuz B. K. (2019).
Impacts of Climate Change on Turkish Agriculture.
Journal of International Environmental Application
and Science, 14(3), 97-103. https://dergipark.org.tr/
en/pub/jieas/issue/48886/560710

Brander K. M. (2007). Global fish production and climate
change. Proceedings of the National Academy of
Sciences of the United States of America, 104(50),
19709-19714. doi: 10.1073/pnas.0702059104

Bregaglio S., Hossard L., Cappelli G., Resmond R., Bocchi
S., Barbier J.-M., Ruget F., and Delmotte S. (2017).
Identifying trends and associated uncertainties
in potential rice production under climate change
in Mediterranean areas. Agricultural and Forest
Meteorology, 237-238, 219-232.
doi: 10.1016/j.agrformet.2017.02.015

Brouziyne Y., Abouabdillah A., Hirich A., Bouabid R.,
Zaaboul R., and Benaabidate L. (2018). Modeling
sustainable adaptation strategies toward a climate-
smart agriculture in a Mediterranean watershed
under projected climate change scenarios.
Agricultural Systems, 162, 154-163.
doi: 10.1016/j.agsy.2018.01.024

Cabral H., Fonseca V., Sousa T., and Leal M. C. (2019).
Synergistic Effects of Climate Change and Marine
Pollution: An Overlooked Interaction in Coastal and
Estuarine Areas. 16(15), 2737.
doi: 10.3390/ijerph16152737

Caiola N., and Sostoa A. (2005). Possible reasons for the
decline of two native toothcarps in the Iberian
Peninsula: evidence of competition with the
introduced Eastern mosquitofish. Journal of Applied
Ichthyology, 21(4), 358-363.
doi: 10.1111/].1439-0426.2005.00684.x

Impacts and risks

Camacho C., Negro J. J., Elmberg J., Fox A. D., Nagy S.,
Pain D. J., and Green A. J. (2022). Groundwater
extraction poses extreme threat to Donana World
Heritage Site. Nature Ecology & Evolution, 6(6), 654~
655. doi: 10.1038/s41559-022-01763-6

Cammarano D., Ceccarelli S., Grando S., Romagosa |,
Benbelkacem A., Akar T., Al-Yassin A., Pecchioni
N., Francia E., and Ronga D. (2019). The impact of
climate change on barleyyield in the Mediterranean
basin. European Journal of Agronomy, 106, 1-11.
doi: 10.1016/j.eja.2019.03.002

Camuffo D. (2019). European Standards Concerning
Microclimate for Cultural Heritage and |Its
Measurement. In Microclimate for Cultural Heritage
(pp. 343-358). Elsevier.
doi: 10.1016/b978-0-444-64106-9.00015-8

Camuffo D., Leissner J., Bertolin C., Antretter F.,
Winkler M., Kotova L., Mikolajewicz U., Jacob D.
J., Ashley-Smith J., Brostrom T., Schellen H. L.,
and van Schijndel A. W. M. (2015). Outdoor indoor
climate relationships for cultural heritage. In
Keynote lecture at the UNESCO Conference, 7-9
July 2015, Paris, France (p. 1). https://research.
tue.nl/en/publications/outdoor-indoor-climate-
relationships-for-cultural-heritage

Camus P., Haigh I. D., Nasr A. A,, Wahl T., Darby S. E.,
and Nicholls R. J. (2021). Regional analysis of
multivariate compound coastal flooding potential
around Europe and environs: Sensitivity analysis
and spatial patterns. Natural Hazards and Earth
System Sciences, 21(7), 2021-2040.
doi: 10.5194/nhess-21-2021-2021

Canals Artigas, M., & Miranda Canals, J. (Eds.). (2020).
Sobre eltemporal Gloria (19-23.01.20), els seus efectes
sobre el pais i el que se’'n deriva : Report de Resposta
Rapida (R3). - Primera edicid. https://upcommons.
upc.edu/bitstream/handle/2117/335525/30363763.
pdf?sequence=1

CannasR.(2018).Case Studyltaly: Thetourismmanagement
of climate change in the Mediterranean region:
adaptation strategies in Sardinia and Sicily. In A.
Jones & M. Phillips (Eds.), Global climate change
and coastal tourism: recognizing problems, managing
solutions and future expectations (1st ed., pp. 111-
124). CABI. doi: 10.1079/9781780648439.0111

Capone R., Berjan, S., EL Bilali, H., Debs, P., & Allahyari, M. S.
(2020). Environmental implications of global food loss
and waste with a glimpse on the Mediterranean region.
International Food Research Journal, 27(6), 988-1000.

Cardinale M., and Scarcella G. (2017). Mediterranean sea:
A failure of the European fisheries management
system. Frontiers in Marine Science, 4(MAR), 231348.
doi: 10.3389/fmars.2017.00072

Carosi A., Padula R., Ghetti L., and Lorenzoni M. (2019).
Endemic Freshwater Fish Range Shifts Related
to Global Climate Changes: A Long-Term Study
Provides Some Observational Evidence for the
Mediterranean Area. Water 2019, Vol. 11, Page 2349,
11(11), 2349. doi: 10.3390/w 11112349

Carrefio A, and Lloret J. (2021). Environmental impacts of
increasing leisure boating activity in Mediterranean
coastal waters. Ocean & Coastal Management, 209,
105693. doi: 10.1016/j.ocecoaman.2021.105693



https://doi.org/10.1016/j.scitotenv.2009.04.008
https://doi.org/10.1016/j.ijdrr.2021.102455
https://doi.org/10.1016/b978-0-12-811713-2.00006-6
https://doi.org/10.2139/ssrn.2491657
https://doi.org/10.1007/s10640-006-9048-5
https://doi.org/10.1108/fs-05-2021-0110
https://dergipark.org.tr/en/pub/jieas/issue/48886/560710
https://dergipark.org.tr/en/pub/jieas/issue/48886/560710
https://doi.org/10.1073/pnas.0702059104
https://doi.org/10.1016/j.agrformet.2017.02.015
https://doi.org/10.1016/j.agsy.2018.01.024
https://doi.org/10.3390/ijerph16152737
https://doi.org/10.1111/j.1439-0426.2005.00684.x
https://doi.org/10.1038/s41559-022-01763-6
https://doi.org/10.1016/j.eja.2019.03.002
https://doi.org/10.1016/b978-0-444-64106-9.00015-8
https://research.tue.nl/en/publications/outdoor-indoor-climate-relationships-for-cultural-heritage
https://research.tue.nl/en/publications/outdoor-indoor-climate-relationships-for-cultural-heritage
https://research.tue.nl/en/publications/outdoor-indoor-climate-relationships-for-cultural-heritage
https://doi.org/10.5194/nhess-21-2021-2021
https://upcommons.upc.edu/bitstream/handle/2117/335525/30363763.pdf?sequence=1
https://upcommons.upc.edu/bitstream/handle/2117/335525/30363763.pdf?sequence=1
https://upcommons.upc.edu/bitstream/handle/2117/335525/30363763.pdf?sequence=1
https://doi.org/10.1079/9781780648439.0111
https://doi.org/10.3389/fmars.2017.00072
https://doi.org/10.3390/w11112349
https://doi.org/10.1016/j.ocecoaman.2021.105693

Casas-Prat M., Mclnnes K. L., Hemer M. A., and
Sierra J. P. (2016). Future wave-driven coastal
sediment transport along the Catalan coast (NW
Mediterranean). Regional Environmental Change,
16(6), 1739-1750. doi: 10.1007/s10113-015-0923-x

Casas-Prat M., and Sierra J. P. (2012). Trend analysis of
wave direction and associated impacts on the
Catalan coast. Climatic Change, 115(3-4), 667-691.
doi: 10.1007/s10584-012-0466-9

CEDARE. (2014). Libya Water Sector M&E Rapid Assessment
Report. Monitoring and Evaluation for Water in
North Africa [MEWINA] project, Water Resources
Management Program. CEDARE. https://web.
cedare.org/wp-content/uploads/2005/05/North-
Africa-Regional-Water-Sector-Monitoring-and-
Evaluation-Rapid-Assessment-Report.pdf

Chaves M. de J. S., Barbosa S. C., de Melo Malinowski
M., Volpato D., Castro i. B., dos Santos Franco T.
C. R, and Primel E. G. (2020). Pharmaceuticals
and personal care products in a Brazilian wetland
of international importance: Occurrence and
environmental risk assessment. Science of the Total
Environment, 734, 139374.
doi: 10.1016/j.scitotenv.2020.139374

Chelsky A., Pitt K. A., Ferguson A. J. P., Bennett W. W,
Teasdale P.R.,andWelsh D.T.(2016). Decomposition
of jellyfish carrion in situ: Short-term impacts on
infauna, benthic nutrient fluxes and sediment redox
conditions. Science of The Total Environment, 566-
567, 929-937. doi: 10.1016/.scitotenv.2016.05.011

Chen C.-C., McCarl B., and Chang C.-C. (2012]). Climate
change, sea level rise and rice: global market
implications. Climatic Change, 110(3-4), 543-560.
doi: 10.1007/s10584-011-0074-0

Chen H., Jing L., Teng VY., and Wang J. (2018).
Characterization of antibiotics in a large-scale
river system of China: occurrence pattern,

spatiotemporal distribution and environmental
risks. Science of the Total Environment, 618, 409-
418. doi: 10.1016/j.scitotenv.2017.11.054

Chenoweth J., Hadjinicolaou P., Bruggeman A., Lelieveld
J., Levin Z., Lange M. A,, Xoplaki E., and Hadjikakou
M. (2011). Impact of climate change on the water
resources of the eastern Mediterranean and Middle
East region: Modeled 21st century changes and
implications. Water Resources Research, 47(6),
6506. doi: 10.1029/2010wr010269

CherifS., Doblas-Miranda E., Lionello P., Borrego C., Giorgi
F., Iglesias A., Jebari S., Mahmoudi E., Moriondo
M., Pringault O., Rilov G., Somot S., Tsikliras A.,
Vila M., and Zittis G. (2020). Drivers of change. In
W. Cramer, J. Guiot, & K. Marini (Eds.), Climate and
Environmental Change in the Mediterranean Basin-
Current Situation and Risks for the Future. First
Mediterranean Assessment Report. Union for the
Mediterranean, Plan Bleu, UNEP/MAP, Marseille,
France, pp. 59-180. doi: 10.5281/zenodo.7100601

Christodoulou A., Christidis P., and Demirel H. (2019).
Sea-level rise in ports: a wider focus on impacts.
Maritime Economics & Logistics, 21(4), 482-496.
doi: 10.1057/s41278-018-0114-z

CIESM (2011). Marine Geohazards in the Mediterranean:
an overview. In F. Briand (Ed.), Marine geo-hazards
in the Mediterranean. N° 42 in CIESM Workshop
Monographs. CIESM, Monaco, 192 pp. https://www.
researchgate.net/publication/272164711 Marine_
Geohazards in_the Mediterranean_an_overview

Ciscar J.-C., Iglesias A., Feyen L., Szabd L., Van
Regemorter D., Amelung B., Nicholls R., Watkiss P.,
Christensen 0. B., Dankers R., Garrote L., Goodess
C. M., Hunt A., Moreno A., Richards J., and Soria
A. (2011). Physical and economic consequences
of climate change in Europe. Proceedings of the
National Academy of Sciences, 108(7), 2678-2683.
doi: 10.1073/pnas.1011612108

Colloca F., Scarcella G., and Libralato S. (2017). Recent
Trends and Impacts of Fisheries Exploitation on
Mediterranean Stocks and Ecosystems. Frontiers in
Marine Science, 4, 244. doi: 10.3389/fmars.2017.00244

Compa M., Alomar C., Wilcox C., van Sebille E., Lebreton
L., Hardesty B. D., and Deudero S. (2019). Risk
assessment of plastic pollution on marine diversity
in the Mediterranean Sea. Science of The Total
Environment, 678, 188-196.
doi: 10.1016/j.scitotenv.2019.04.355

Constantinidou K., Hadjinicolaou P., Zittis G., and Lelieveld
J. (2016). Effects of climate change on the yield of
winter wheat in the eastern Mediterranean and
Middle East. Climate Research, 69(2), 129-141.
doi: 10.3354/cr01395

Cooper J. A. G., and Pilkey 0. H. (2004). Sea-level rise
and shoreline retreat: time to abandon the Bruun
Rule. Global and Planetary Change, 43(3-4), 157-171.
doi: 10.1016/j.gloplacha.2004.07.001

Corcoll N., Acuna V., Barceld D., Casellas M., Guasch
H., Huerta B., Petrovic M., Ponsati L., Rodriguez-
Mozaz S., and Sabater S. (2014). Pollution-
induced community tolerance to non-steroidal
anti-inflammatory drugs (NSAIDs) in fluvial
biofilm communities affected by WWTP effluents.
Chemosphere, 112, 185-193.
doi: 10.1016/j.chemosphere.2014.03.128

Cortés M., Turco M., Ward P., Sdnchez-Espigares J. A,
Alfieri L., and Llasat M. C. (2019). Changes in flood
damage with global warming in the east coast of
Spain. Nat. Hazards Earth Syst. Sci., 19, 2855-2877.
https://doi.org/10.5194/nhess-19-2855-2019

Costello M. J., Vale M. M. KiesslingW., Maharaj S., Price J.,
and Talukdar G. H. (2022]). Cross-Chapter Paper 1:
BiodiversityHotspots.InH.-0.Portner, D.C. Roberts,
M. Tignor, E. S. Poloczanska, K. Mintenbeck, A.
Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Méller,
A. Okem, & B. Rama (Eds.), Climate Change 2022:
Impacts, Adaptation and Vulnerability. Contribution
of Working Group Il to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change
(pp. 2123-2162). Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 2123-
2161. doi: 10.1017/9781009325844.018



https://doi.org/10.1007/s10113-015-0923-x
https://doi.org/10.1007/s10584-012-0466-9
https://web.cedare.org/wp-content/uploads/2005/05/North-Africa-Regional-Water-Sector-Monitoring-and-Evaluation-Rapid-Assessment-Report.pdf
https://web.cedare.org/wp-content/uploads/2005/05/North-Africa-Regional-Water-Sector-Monitoring-and-Evaluation-Rapid-Assessment-Report.pdf
https://web.cedare.org/wp-content/uploads/2005/05/North-Africa-Regional-Water-Sector-Monitoring-and-Evaluation-Rapid-Assessment-Report.pdf
https://web.cedare.org/wp-content/uploads/2005/05/North-Africa-Regional-Water-Sector-Monitoring-and-Evaluation-Rapid-Assessment-Report.pdf
https://doi.org/10.1016/j.scitotenv.2020.139374
https://doi.org/10.1016/j.scitotenv.2016.05.011
https://doi.org/10.1007/s10584-011-0074-0
https://doi.org/10.1016/j.scitotenv.2017.11.054
https://doi.org/10.1029/2010wr010269
https://doi.org/10.5281/zenodo.7100601
https://doi.org/10.1057/s41278-018-0114-z
https://www.researchgate.net/publication/272164711_Marine_Geohazards_in_the_Mediterranean_an_overview
https://www.researchgate.net/publication/272164711_Marine_Geohazards_in_the_Mediterranean_an_overview
https://www.researchgate.net/publication/272164711_Marine_Geohazards_in_the_Mediterranean_an_overview
https://doi.org/10.1073/pnas.1011612108
https://doi.org/10.3389/fmars.2017.00244
https://doi.org/10.1016/j.scitotenv.2019.04.355
https://doi.org/10.3354/cr01395
https://doi.org/10.1016/j.gloplacha.2004.07.001
https://doi.org/10.1016/j.chemosphere.2014.03.128
https://doi.org/10.5194/nhess-19-2855-2019
https://doi.org/10.1017/9781009325844.018

Couasnon A, Eilander D., Muis S., Veldkamp T. I. E., Haigh
[. D., WahlT., Winsemius H. C., and Ward P. J. (2020).
Measuring compound flood potential from river
discharge and storm surge extremes at the global
scale. Natural Hazards and Earth System Sciences,
20(2), 489-504. doi: 10.5194/nhess-20-489-2020

Crain C. M., Kroeker K., and Halpern B. S. (2008). Interactive
and cumulative effects of multiple human stressors
in marine systems. Ecology Letters, 11(12), 1304~
1315. doi: 10.1111/j.1461-0248.2008.01253.x

Cramer W., Guiot J., Fader M., Garrabou J., Gattuso J.-P.,
Iglesias A., Lange M. A,, Lionello P, Llasat M. C,,
Paz S., Penuelas J., Snoussi M., Toreti A., Tsimplis
M. N., and Xoplaki E. (2018). Climate change and
interconnected risks to sustainable development in
the Mediterranean. Nature Climate Change, 8(11),
972-980. doi: 10.1038/s41558-018-0299-2

CrozierL.G.,Hendry A. P, Lawson P.W., Quinn T. P., Mantua
N. J., Battin J., Shaw R. G., and Huey R. B. (2008).
Potential responses to climate change in organisms
with complex life histories: evolution and plasticity
in Pacific salmon. Evolutionary Applications, 1(2),
252-270. doi: 10.1111/J.1752-4571.2008.00033.x

Cubillo A. M., Ferreira J. G., Lencart-Silva J., Taylor N. G.
H., Kennerley A., Guilder J., Kay S., and Kamermans
P. (2021). Direct effects of climate change on
productivity of European aquaculture. Aquaculture
International, 29(4), 1561-1590.
doi: 10.1007/s10499-021-00694-6

Custodio E. (2017). Salinizacion de las aguas subterraneas
en los acuiferos costeros mediterraneos e insulares
espanoles. Iniciativa Digital Politécnica, Oficina
de Publicacions Academiques Digitals de la UPC.
doi: 10.5821/ebook-9788498806878

Daccache A., Ciurana J. S., Rodriguez Diaz J. A., and
Knox J. W. (2014). Water and energy footprint of
irrigated agriculture in the Mediterranean region.
Environmental Research Letters, 9(12), 124014.
doi: 10.1088/1748-9326/9/12/124014

Danopoulos E., Twiddy M., West R., and Rotchell J. M. (2022).
A rapid review and meta-regression analyses of the
toxicological impacts of microplastic exposure in
human cells. Journal of Hazardous Materials, 427,
127861. doi: 10.1016/j.jhazmat.2021.127861

Danovaro R., Fonda Umani S., and Pusceddu A. (2009).
Climate Change and the Potential Spreading of
Marine Mucilage and Microbial Pathogens in
the Mediterranean Sea. PLoS ONE, 4(9), e7006.
doi: 10.1371/journal.pone.0007006

Daoudy M., Sowers J., and Weinthal E. (2022). What is
climate security? Framing risks around water, food,
and migration in the Middle East and North Africa.
WIREs Water, 9(3). doi: 10.1002/wat2.1582

Dasgupta S., Laplante B., Meisner C., Wheeler D., and Yan
J.(2009). The impact of sea level rise on developing
countries: A comparative analysis. Climatic Change,
93(3-4), 379-388. doi: 10.1007/510584-008-9499-5

Daskalaki P., and Voudouris K. (2008). Groundwater quality
of porous aquifers in Greece: a synoptic review.
Environmental Geology, 54(3), 505-513.
doi: 10.1007/s00254-007-0843-2

Impacts and risks

Daughton C. G., and Ternes T. A. (1999]). Pharmaceuticals
and personal care products in the environment:
agents of subtle change? Environmental Health
Perspectives, 107(suppl 6], 907-938.
doi: 10.1289/ehp.99107s6907

de Almeida B. A., and Mostafavi A. (2016). Resilience
of Infrastructure Systems to Sea-Level Rise in
Coastal Areas: Impacts, Adaptation Measures, and
Implementation Challenges. Sustainability, 8(11),
1115. doi: 10.3390/SU8111115

De Donno A., Idolo A., Bagordo F., Grassi T., Leomanni A,
Serio F., Guido M., Canitano M., Zampardi S., Boero
F.,and Piraino S. (2014). Impact of Stinging Jellyfish
Proliferations along South Italian Coasts: Human
Health Hazards, Treatment and Social Costs.
International Journal of Environmental Research and
Public Health 2014, Vol. 11, Pages 2488-2503, 11(3),
2488-2503. doi: 10.3390/ijerph110302488

De Vivo C., Ellena M., Capozzi V., Budillon G., and
Mercogliano P. (2022). Risk assessment framework
for Mediterranean airports: a focus on extreme
temperatures and precipitations and sea level rise.
Natural Hazards, 111(1), 547-566.
doi: 10.1007/s11069-021-05066-0

Defeo 0., McLachlan A., Schoeman D. S., Schlacher T. A,,
Dugan J., Jones A, Lastra M., and Scapini F. (2009).
Threats to sandy beach ecosystems: A review.
Estuarine, Coastal and Shelf Science, 81(1), 1-12.
doi: 10.1016/j.ecss.2008.09.022

Dehm J., Singh S., Ferreira M., Piovano S., and Fick J.
(2021). Screening of pharmaceuticals in coastal
waters of the southern coast of Viti Levu in
Fiji, South Pacific. Chemosphere, 276, 130161.
doi: 10.1016/j.chemosphere.2021.130161

delMoral A, Llasat M. del C., and Rigo T. (2020). Connecting
flash flood events with radar-derived convective
storm characteristics on the northwestern
Mediterranean coast: knowing the present for
better future scenarios adaptation. Atmospheric
Research, 238, 104863.
doi: 10.1016/j.atmosres.2020.104863

Del Negro P., Crevatin E., Larato C., Ferrari C., Totti C.,
Pompei M., Giani M., Berto D., and Fonda Umani S.
(2005). Mucilage microcosms. Science of The Total
Environment, 353(1-3), 258-269.
doi: 10.1016/].scitotenv.2005.09.018

Del Pozo A., Brunel-Saldias N., Engler A., Ortega-Farias
S., Acevedo-Opazo C., Lobos G. A., Jara-Rojas R.,
and Molina-Montenegro M. A. (2019). Climate
Change Impacts and Adaptation Strategies of
Agriculture in Mediterranean-Climate Regions
(MCRSs). Sustainability, 11(10), 2769.
doi: 10.3390/su11102769

Delannoy C. M. J., Houghton J. D. R, Fleming N. E. C., and
Ferguson H. W. (2011). Mauve Stingers (Pelagia
noctiluca) as carriers of the bacterial fish pathogen
Tenacibaculum maritimum. Aquaculture, 311(1-4),
255-257. doi: 10.1016/j.aquaculture.2010.11.033

Demirel H., Kompil M., and Nemry F. (2015). A framework to
analyze the vulnerability of European road networks
due to Sea-Level Rise (SLR) and sea storm surges.
Transportation Research Part A: Policy and Practice,
81, 62-76. doi: 10.1016/].tra.2015.05.002



https://doi.org/10.5194/nhess-20-489-2020
https://doi.org/10.1111/j.1461-0248.2008.01253.x
https://doi.org/10.1038/s41558-018-0299-2
https://doi.org/10.1111/J.1752-4571.2008.00033.x
https://doi.org/10.1007/s10499-021-00694-6
https://doi.org/10.5821/ebook-9788498806878
https://doi.org/10.1088/1748-9326/9/12/124014
https://doi.org/10.1016/j.jhazmat.2021.127861
https://doi.org/10.1371/journal.pone.0007006
https://doi.org/10.1002/wat2.1582
https://doi.org/10.1007/S10584-008-9499-5
https://doi.org/10.1007/s00254-007-0843-2
https://doi.org/10.1289/ehp.99107s6907
https://doi.org/10.3390/SU8111115
https://doi.org/10.3390/ijerph110302488
https://doi.org/10.1007/s11069-021-05066-0
https://doi.org/10.1016/j.ecss.2008.09.022
https://doi.org/10.1016/j.chemosphere.2021.130161
https://doi.org/10.1016/j.atmosres.2020.104863
https://doi.org/10.1016/j.scitotenv.2005.09.018
https://doi.org/10.3390/su11102769
https://doi.org/10.1016/j.aquaculture.2010.11.033
https://doi.org/10.1016/j.tra.2015.05.002

Demirel N., Ulman A., Yildiz T., and Ertér-Akyazi P. (2021).
A moving target: Achieving good environmental
status and social justice in the case of an alien
species, Rapa whelk in the Black Sea. Marine Policy,
132, 104687. doi: 10.1016/j.marpol.2021.104687

Demirel N., Zengin M., and Ulman A. (2020). First Large-
Scale Eastern Mediterranean and Black Sea Stock
Assessment Reveals a Dramatic Decline. Frontiers
in Marine Science, 7, 482732.
doi: 10.3389/fmars.2020.00103

Depew D. C., Basu N., Burgess N. M., Campbell L. M,
Devlin E. W., Drevnick P. E., Hammerschmidt C. R,
Murphy C. A., Sandheinrich M. B., and Wiener J. G.
(2012). Toxicity of dietary methylmercury to fish:
Derivation of ecologically meaningful threshold
concentrations.  Environmental Toxicology and
Chemistry, 31(7), 1536-1547. doi: 10.1002/etc.1859

Dewidar Kh., and Frihy 0. (2007). Pre- and post-beach
response to engineering hard structures using
Landsat time-series at the northwestern part of the
Nile delta, Egypt. Journal of Coastal Conservation,
11(2), 133-142. doi: 10.1007/s11852-008-0013-z

Di Paola G., Rizzo A., Benassai G., Corrado G., Matano F,,
and Aucelli P. P. C. (2021). Sea-level rise impact
and future scenarios of inundation risk along the
coastal plains in Campania (ltaly). Environmental
Earth Sciences, 80(17), 608.
doi: 10.1007/s12665-021-09884-0

Diakakis M., Papagiannaki K., and Fouskaris M. (2023]). The
Occurrence of Catastrophic Multiple-Fatality Flash
Floods in the Eastern Mediterranean Region. Water,
15(1), 119. doi: 10.3390/w15010119

Diaz S., Settele J., Brondizio E. S., Ngo H. T., Agard J.,
Arneth A., Balvanera P., Brauman K. A., Butchart
S. H. M., Chan K. M. A, Garibaldi L. A., Ichii K., Liu
J., Subramanian S. M., Midgley G. F., Miloslavich
P., Molnar Z., Obura D., Pfaff A., ... Zayas C. N.
(2019). Pervasive human-driven decline of life on
Earth points to the need for transformative change.
Science, 366(6471), eaax3100.
doi: 10.1126/science.aax3100

Diaz-Almela E., Marba N., and Duarte C. M. (2007).
Consequences of Mediterranean warming events
in seagrass [(Posidonia oceanica) flowering
records. Global Change Biology, 13(1), 224-235.
doi: 10.1111/J.1365-2486.2006.01260.x

Dimitriadis C., Fournari-Konstantinidou |., Sourbés L.,
Koutsoubas D., and Katsanevakis S. (2021). Long
Term Interactions of Native and Invasive Speciesina
Marine Protected Area Suggest Complex Cascading
Effects Challenging Conservation Outcomes.
Diversity, 13(2), 71. doi: 10.3390/d13020071

Dixit P. N., Telleria R., Al Khatib A. N., and Allouzi S.
F. (2018). Decadal analysis of impact of future
climate on wheat production in dry Mediterranean
environment: A case of Jordan. Science of The Total
Environment, 610-611, 219-233.
doi: 10.1016/].scitotenv.2017.07.270

Dogan E., and Burak S. (2007). Ship-Originated Pollution in
the Istanbul Strait (Bosphorus) and Marmara Sea.
Journal of Coastal Research, 23(2), 388-394.
doi: 10.2112/04-0283.1

Dogru T., Bulut U., and Sirakaya-Turk E. (2016). Theory of
Vulnerability and Remarkable Resilience of Tourism
Demand to Climate Change: Evidence from the
Mediterranean Basin. Tourism Analysis, 21(6), 645-
660. doi: 10.3727/108354216x14713487283246

Dono G., Cortignani R., DellUnto D., Deligios P., Doro L.,
Lacetera N., Mula L., Pasqui M., Quaresima S., Vitali
A., and Roggero P. P. (2016). Winners and losers
from climate change in agriculture: Insights from a
case study in the Mediterranean basin. Agricultural
Systems, 147, 65-75.
doi: 10.1016/j.agsy.2016.05.013

Drobinski P., Azzopardi B., Ben Janet Allal H., Bouchet V,,
Civel E., Creti A., Duic N., Fylaktos N., Mutale J.,
Pariente-David S., Ravetz J., Taliotis C., and Vautard
R. (2020). Energy transition in the Mediterranean. In
W. Cramer, J. Guiot, & K. Marini (Eds.), Climate and
Environmental Change in the Mediterranean Basin
- Current Situation and Risks for the Future. First
Mediterranean Assessment Report. Union for the
Mediterranean, Plan Bleu, UNEP/MAP, Marseille,
France, pp. 265-322. doi: 10.5281/zenodo.7101088

Dunn F. E., Darby S. E., Nicholls R. J., Cohen S., Zarfl C.,
and Fekete B. M. (2019). Projections of declining
fluvial sediment delivery to major deltas worldwide
in response to climate change and anthropogenic
stress. Environmental Research Letters, 14(8),
084034. doi: 10.1088/1748-9326/ab304e

EC, Cassar M., Sabbioni C., and Brimblecombe P.
(2010). The atlas of climate change impact on
European cultural heritage - Scientific analysis and
management strategies (M. Cassar, C. Sabbioni, & P.
Brimblecombe, Eds.). Anthem Press.
doi: 10.2777/11959

EEA (2009). Salt water intrusions into groundwater in
Europe  (1999).  https://www.eea.europa.eu/en/
analysis/maps-and-charts/salt-water-intrusions-
into-groundwater-in-europe-1999

El-Amier Y. A., Bessa A. Z. E., Elsayed A., El-Esawi M.
A., AL-Harbi M. S., Samra B. N., and Kotb W. K.
(2021). Assessment of the Heavy Metals Pollution
and Ecological Risk in Sediments of Mediterranean
Sea Drain Estuaries in Egypt and Phytoremediation
Potential of Two Emergent Plants. Sustainability,
13(21), 12244. doi: 10.3390/su132112244

El-Magd I. A., Zakzouk M., Ali E. M., and Abdulaziz A. M.
(2021). An Open Source Approach for Near-Real
Time Mapping of Oil Spills along the Mediterranean
Coast of Egypt. Remote Sensing 2021, Vol. 13, Page
2733, 13(14), 2733. doi: 10.3390/RS13142733

El-Masry E. A., El-Sayed M. Kh., Awad M. A., El-Sammak
A. A., and Sabarouti M. A. EL. (2022). Vulnerability
of tourism to climate change on the Mediterranean
coastal area of El Hammam-EL Alamein, Egypt.
Environment, Development and Sustainability, 24(1),
1145-1165. doi: 10.1007/s10668-021-01488-9

El-Nahry A. H., and Doluschitz R. (2010). Climate change
and its impacts on the coastal zone of the Nile
Delta, Egypt. Environmental Earth Sciences, 597,
1497-1506. doi: 10.1007/s12665-009-0135-0



https://doi.org/10.1016/j.marpol.2021.104687
https://doi.org/10.3389/fmars.2020.00103
https://doi.org/10.1002/etc.1859
https://doi.org/10.1007/s11852-008-0013-z
https://doi.org/10.1007/s12665-021-09884-0
https://doi.org/10.3390/w15010119
https://doi.org/10.1126/science.aax3100
https://doi.org/10.1111/J.1365-2486.2006.01260.x
https://doi.org/10.3390/d13020071
https://doi.org/10.1016/j.scitotenv.2017.07.270
https://doi.org/10.2112/04-0283.1
https://doi.org/10.3727/108354216x14713487283246
https://doi.org/10.1016/j.agsy.2016.05.013
https://doi.org/10.5281/zenodo.7101088
https://doi.org/10.1088/1748-9326/ab304e
https://doi.org/doi/10.2777/11959
https://www.eea.europa.eu/en/analysis/maps-and-charts/salt-water-intrusions-into-groundwater-in-europe-1999
https://www.eea.europa.eu/en/analysis/maps-and-charts/salt-water-intrusions-into-groundwater-in-europe-1999
https://www.eea.europa.eu/en/analysis/maps-and-charts/salt-water-intrusions-into-groundwater-in-europe-1999
https://doi.org/10.3390/su132112244
https://doi.org/10.3390/RS13142733
https://doi.org/10.1007/s10668-021-01488-9
https://doi.org/10.1007/s12665-009-0135-0

El-Raey M. (2010). Impacts and Implications of Climate
Change for the Coastal Zones of Egypt from Coastal
Zones and Climate Change on JSTOR. Coastal Zones
and Climate Change, 31-50.
https://www.jstor.org/stable/resrep10902.9

El-Raey M., Frihy 0., Nasr S. M., and Dewidar Kh. (1999).
Vulnerability Assessment of Sea Level Rise Over
Port Said Governorate, Egypt. Environmental
Monitoring and Assessment, 56(2), 113-128.
doi: 10.1023/A:1005946819600

Enriquez A. R., and Bujosa Bestard A. (2020). Measuring the
economic impact of climate-induced environmental
changes on sun-and-beach tourism. Climatic
Change, 160(2), 203-217.
doi: 10.1007/s10584-020-02682-w

Esplugas S., Bila D. M., Krause L. G. T., and Dezotti

M. (2007). Ozonation and advanced oxidation
technologies to remove endocrine disrupting
chemicals (EDCs) and pharmaceuticals and

personal care products ([PPCPs) in water effluents.
Journal of Hazardous Materials, 149(3), 631-642.
doi: 10.1016/j.jhazmat.2007.07.073

Estaque T.,, Richaume J., Bianchimani 0., Schull Q.
Mérigot B., Bensoussan N., Bonhomme P., Vouriot
P., Sartoretto S., Monfort T., Basthard-Bogain S.,
Fargetton M., Gatti G., Barth L., Cheminée A., and
Garrabou J. (2023). Marine heatwaves on the rise:
One of the strongest ever observed mass mortality
event in temperate gorgonians. Global Change
Biology, 29(22), 6159-6162. doi: 10.1111/gcb.16931

Estrela-Segrelles C., Goémez-Martinez G., and Pérez-
Martin M. A. (2021). Risk assessment of climate
changeimpacts on Mediterranean coastal wetlands.
Application in Jacar River Basin District (Spain).
Science of The Total Environment, 790, 148032.
doi: 10.1016/j.scitotenv.2021.148032

Faccini F., Luino F., Paliaga G., Roccati A., and Turconi
L. (2021). Flash Flood Events along the West
Mediterranean Coasts: Inundations of Urbanized
Areas Conditioned by Anthropic Impacts. Land,
10(6), 620. doi: 10.3390/land 10060620

Fader M., Giupponi C., Burak S., Dakhlaoui H., Koutroulis
A., Lange M. A, Llasat M. C., Pulido-Velazquez D.,
and Sanz-Cobefa A. (2020). Water. In W. Cramer,
J. Guiot, & K. Marini [(Eds.), Climate and
Environmental Change in the Mediterranean Basin
- Current Situation and Risks for the Future. First
Mediterranean Assessment Report (pp. 181-236).
Union for the Mediterranean, Plan Bleu, UNEP/MAP,
Marseille, France. doi: 10.5281/zenodo.7101074

Fader M., Shi S., Von Bloh W., Bondeau A., and Cramer
W. (2016). Mediterranean irrigation under climate
change: more efficient irrigation needed to
compensate for increases in irrigation water
requirements. Hydrology and Earth System Sciences,
20(2), 953-973. doi: 10.5194/hess-20-953-2016

FAO (2015). Climate change and food security: risks and
responses. In United Nations Human Settlements
Programme [(UN-Habitat): Addis Ababa, Ethiopia.
(2021). FAO, Rome, ltaly. https://openknowledge.
fao.org/handle/20.500.14283/i5188e

Impacts and risks

FAO (2020). The State of World Fisheries and Aquaculture
2020. Sustainability in action. In The State of
World Fisheries and Aquaculture 2020. In brief. FAO.
doi: 10.4060/CA9231en

FAO (2022). The State of World Fisheries and Aquaculture
2022. Towards Blue Transformation. In The State of
World Fisheries and Aquaculture 2022. Rome, FAO.
doi: 10.4060/cc0467en

Fawaz M. M., and Soliman S. A. (2016). The Potential
Scenarios of the Impacts of Climate Change
on Egyptian Resources and Agricultural Plant
Production. Open Journal of Applied Sciences, 06(04),
270-286. doi: 10.4236/0japps.2016.64027

Ferrarin C., Valentini A., Vodopivec M., Klaric D., Massaro
G., Bajo M., De Pascalis F., Fadini A., Ghezzo M.,
Menegon S., Bressan L., Unguendoli S., Fettich A,,
Jerman J., Licer M., Fustar L., Papa A., and Carraro
E. (2020). Integrated sea storm management
strategy: the 29 October 2018 event in the Adriatic
Sea. Natural Hazards and Earth System Sciences,
20(1), 73-93. doi: 10.5194/nhess-20-73-2020

Ferrarini A., Celada C., and Gustin M. (2021). Preserving
the Mediterranean bird flyways: Assessment and
prioritization of 38 main wetlands under human
and climate threats in Sardinia and Sicily (ltaly).
Science of The Total Environment, 751, 141556.
doi: 10.1016/].scitotenv.2020.141556

Ferreira C. S. S., Seifollahi-Aghmiuni  S., Destouni
G., Ghajarnia N., and Kalantari Z. (2022). Soil
degradation in the European Mediterranean region:
Processes, status and consequences. Science of
The Total Environment, 805, 150106.
doi: 10.1016/].scitotenv.2021.150106

Ferrise R., Moriondo M., and Bindi M. (2011). Probabilistic
assessments of climate change impacts on durum
wheat in the Mediterranean region. Natural Hazards
and Earth System Sciences, 11(5), 1293-1302.
doi: 10.5194/nhess-11-1293-2011

Ferrise R., Trombi G., Moriondo M., and Bindi M. (2016).
Climate Change and Grapevines: A Simulation
Study for the Mediterranean Basin. Journal of Wine
Economics, 11(1), 88-104. doi: 10.1017/jwe.2014.30

Finenko G. A., Romanova Z. A., Abolmasova G. I., Anninsky
B. E., Svetlichny L. S., Hubareva E. S, Bat L.,
and Kideys A. E. (2003). Population dynamics,
ingestion, growth and reproduction rates of the
invader Beroe ovata and its impact on plankton
community in Sevastopol Bay, the Black Sea.
Journal of Plankton Research, 25(5), 539-549.
doi: 10.1093/plankt/25.5.539

FitzGerald D. M., Fenster M. S., Argow B. A, and Buynevich
I. V. (2008). Coastal Impacts Due to Sea-Level
Rise. Annual Review of Earth and Planetary Sciences,
36(1), 601-647.
doi: 10.1146/annurev.earth.35.031306.140139

Flouros F. (2022). The Energy Security in the Mediterranean
Region. In: Energy Security in the Eastern
Mediterranean Region Palgrave Macmillan, Cham.
Springer International Publishing.
doi: 10.1007/978-3-031-09603-7_4



https://www.jstor.org/stable/resrep10902.9
https://doi.org/10.1023/A:1005946819600
https://doi.org/10.1007/s10584-020-02682-w
https://doi.org/10.1016/j.jhazmat.2007.07.073
https://doi.org/10.1111/gcb.16931
https://doi.org/10.1016/j.scitotenv.2021.148032
https://doi.org/10.3390/land10060620
https://doi.org/10.5281/zenodo.7101074
https://doi.org/10.5194/hess-20-953-2016
https://openknowledge.fao.org/handle/20.500.14283/i5188e
https://openknowledge.fao.org/handle/20.500.14283/i5188e
https://doi.org/10.4060/CA9231en
https://doi.org/10.4060/cc0461en
https://doi.org/10.4236/ojapps.2016.64027
https://doi.org/10.5194/nhess-20-73-2020
https://doi.org/10.1016/j.scitotenv.2020.141556
https://doi.org/10.1016/j.scitotenv.2021.150106
https://doi.org/10.5194/nhess-11-1293-2011
https://doi.org/10.1017/jwe.2014.30
https://doi.org/10.1093/plankt/25.5.539
https://doi.org/10.1146/annurev.earth.35.031306.140139
https://link.springer.com/10.1007/978-3-031-09603-7_4

Fonseca V. F,, Franca S., Duarte B., Cacador I., Cabral
H. N., Mieiro C. L., Coelho J. P., Pereira E., and
Reis-Santos P. (2019). Spatial Variation in Mercury
Bioaccumulation and Magnification in a Temperate
Estuarine Food Web. Frontiers in Marine Science, 6,
117. doi: 10.3389/fmars.2019.00117

Fossi M. C., Romeo T., Baini M., Panti C., Marsili L.,
Campan T., Canese S., Galgani F., Druon J. N,
Airoldi S., Taddei S., Fattorini M., Brandini C.,
and Lapucci C. (2017). Plastic debris occurrence,
convergence areas and fin whales feeding ground
in the Mediterranean marine protected area
Pelagos Sanctuary: A modeling approach. Frontiers
in Marine Science, 4(MAY), 254370.
doi: 10.3389/fmars.2017.00167

Fraga H., Moriondo M., Leolini L., and Santos J. A. (2020a).
Mediterranean Olive Orchards under Climate
Change: A Review of Future Impacts and Adaptation
Strategies. Agronomy, 11(1), 56.
doi: 10.3390/agronomy11010056

Fraga H., Pinto J. G., Viola F., and Santos J. A. (2020b).
Climate change projections for olive yields in
the Mediterranean Basin. International Journal of
Climatology, 40(2), 769-781. doi: 10.1002/joc.6237

Fraixedas S., Galewski T., Ribeiro-Lopes S., Loh J., Blondel
J., Fontés H., Grillas P., Lambret P., Nicolas D.,
Olivier A., and Geijzendorffer |. R. (2019). Estimating
biodiversity changes in the Camargue wetlands:
An expert knowledge approach. PLOS ONE, 14(10),
e0224235. doi: 10.1371/journal.pone.0224235

Funes |, Savé R., De Herralde F.,, Biel C., Pla E., Pascual
D., Zabalza J., Cantos G., Borras G., Vayreda J.,
and Aranda X. (2021]). Modeling impacts of climate
change on the water needs and growing cycle of
crops in three Mediterranean basins. Agricultural
Water Management, 249, 106797.
doi: 10.1016/j.agwat.2021.106797

Galeotti M. (2020). The Economic impacts of climate
change in the Mediterranean. /[EMed. Mediterranean
Yearbook 2020, 46-54. https://www.iemed.org/
publication/the-economic-impacts-of-climate-
change-in-the-mediterranean/

Galil B., Marchini A., Occhipinti-Ambrogi A., and Ojaveer
H. (2017). The enlargement of the Suez Canal—
Erythraean introductions and management
challenges. Management of Biological Invasions,
8(2), 141-152. doi: 10.3391/mbi.2017.8.2.02

Garcia-Garizdbal ., Causapé J., Abrahao R., and
Merchan D. (2014). Impact of Climate Change
on Mediterranean Irrigation Demand: Historical
Dynamics of Climate and Future Projections. Water
Resources Management, 28(5), 1449-1462.
doi: 10.1007/s11269-014-0565-7

Garola A., Lopez-Dériga U., and Jiménez J. A. (2022).
The economic impact of sea level rise-induced
decrease in the carrying capacity of Catalan
beaches (NW Mediterranean, Spain). Ocean &
Coastal Management, 218, 106034.
doi: 10.1016/j.ocecoaman.2022.106034

Garrabou J., Gdmez-Gras D., Ledoux J.-B., Linares C.,
Bensoussan N., Lépez-Sendino P., Bazairi H.,
Espinosa F., Ramdani M., Grimes S., Benabdi M.,
Souissi J. Ben, Soufi E., Khamassi F., Ghanem R.,
Ocafna 0., Ramos-Espla A., Izquierdo A., Anton I,
... Harmelin J. G. (2019). Collaborative Database to
Track Mass Mortality Events in the Mediterranean
Sea. Frontiers in Marine Science, 6, 707.
doi: 10.3389/fmars.2019.00707

Garrabou J., Gdmez-Gras D., Medrano A., Cerrano C., Ponti
M., Schlegel R., Bensoussan N., Turicchia E., Sini M.,
Gerovasileiou V., Teixido N., Mirasole A., Tamburello
L., Cebrian E., Rilov G., Ledoux J., Souissi J. Ben,
Khamassi F., Ghanem R., ... Harmelin J. (2022).
Marine heatwaves drive recurrent mass mortalities
in the Mediterranean Sea. Global Change Biology,
28(19), 5708-5725. doi: 10.1111/gcb.16301

Gauer R., and Meyers B. K. (2019). Heat-Related Illnesses.
American Family Physician, 99(8), 482-489. https://
www.aafp.org/pubs/afp/issues/2019/0415/p482.html

Gaume E., Borga M., Llassat M. C., Maouche S., Lang M.,
and Diakakis M. (2016). Mediterranean extreme
floods and flash floods. 133. https://hal.science/hal-
01465740

Gervais M., Balouin Y., and Belon R. (2012]). Morphological
response and coastal dynamics associated with
major storm events along the Gulf of Lions
Coastline, France. Geomorphology, 143-144, 69-80.
doi: 10.1016/j.geomorph.2011.07.035

GeyerR.,Jambeck J.R.,and LawK.L.(2017). Production, use,
and fate of all plastics ever made. Science Advances,
3(7), e1700782. doi: 10.1126/sciadv.1700782

Ghermandi A., Galil B., Gowdy J., and Nunes P. A. L. D.
(2015). Jellyfish outbreak impacts on recreation
in the Mediterranean Sea: welfare estimates from
a socioeconomic pilot survey in Israel. Ecosystem
Services, 11, 140-147.
doi: 10.1016/j.ecoser.2014.12.004

Giorgi F. (2006). Climate change hot-spots. Geophysical
Research Letters, 33(8), 8707.
doi: 10.1029/200691025734

Gohar A., and Kondolf G. M. (2017). Flash flooding as
a threat to settlements even in remote areas.
Environment and Urbanization, 29(2), 503-514.
doi: 10.1177/0956247816672158

Gokcekus H., Kassem Y., Quoigoah M. P., and Aruni P.
N. (2021). Climate change, water resources, and
wastewater reuse in Cyprus. Future Technology, 1,
1-12. https://fupubco.com/futech/article/view/46

Gomez-Gomez J.-D., Pulido-Velazquez D., Collados-Lara
A.-J., and Fernandez-Chacon F. (2022]). The impact
of climate change scenarios on droughts and their
propagation in an arid Mediterranean basin. A
useful approach for planning adaptation strategies.
Science of The Total Environment, 820, 153128.
doi: 10.1016/j.scitotenv.2022.153128

Goémez-Losada A., and Pires J. C. M. (2020). Estimation
of Particulate Matter Contributions from Desert
Outbreaks in Mediterranean Countries (2015-
2018) Using the Time Series Clustering Method.
Atmosphere 2021, Vol. 12, Page 5, 12(1), 5.
doi: 10.3390/atmos12010005



https://doi.org/10.3389/fmars.2019.00117
https://doi.org/10.3389/fmars.2017.00167
https://doi.org/10.3390/agronomy11010056
https://doi.org/10.1002/joc.6237
https://doi.org/10.1371/journal.pone.0224235
https://doi.org/10.1016/j.agwat.2021.106797
https://www.iemed.org/publication/the-economic-impacts-of-climate-change-in-the-mediterranean/
https://www.iemed.org/publication/the-economic-impacts-of-climate-change-in-the-mediterranean/
https://www.iemed.org/publication/the-economic-impacts-of-climate-change-in-the-mediterranean/
https://doi.org/10.3391/mbi.2017.8.2.02
https://doi.org/10.1007/s11269-014-0565-7
https://doi.org/10.1016/j.ocecoaman.2022.106034
https://doi.org/10.3389/fmars.2019.00707
https://doi.org/10.1111/gcb.16301
https://www.aafp.org/pubs/afp/issues/2019/0415/p482.html
https://www.aafp.org/pubs/afp/issues/2019/0415/p482.html
https://hal.science/hal-01465740
https://hal.science/hal-01465740
https://doi.org/10.1016/j.geomorph.2011.07.035
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1016/j.ecoser.2014.12.004
https://doi.org/10.1029/2006gl025734
https://doi.org/10.1177/0956247816672158
https://fupubco.com/futech/article/view/46
https://doi.org/10.1016/j.scitotenv.2022.153128
https://doi.org/10.3390/atmos12010005

Gonzalez-Gaya B., Garcia-Bueno N., Buelow E., Marin A,,
and Rico A. (2022). Effects of aquaculture waste
feeds and antibiotics on marine benthic ecosystems
in the Mediterranean Sea. Science of The Total
Environment, 806, 151190.
doi: 10.1016/].scitotenv.2021.151190

Grasso M., and Feola G. (2012). Mediterranean agriculture
underclimate change: adaptive capacity, adaptation,
and ethics. Regional Environmental Change, 12(3),
607-618. doi: 10.1007/s10113-011-0274-1

Green A. J., Alcorlo P., Peeters E. T., Morris E. P., Espinar
J. L., Bravo-Utrera M. A., Bustamante J., Diaz-
Delgado R., Koelmans A. A., Mateo R., Mooij W.
M., Rodriguez-Rodriguez M., Van Nes E. H., and
Scheffer M. (2017). Creating a safe operating
space for wetlands in a changing climate. Frontiers
in Ecology and the Environment, 15(2), 99-107.
doi: 10.1002/fee.1459

Grigorakis K., and Rigos G. (2011). Aquaculture effects on
environmental and public welfare - The case of
Mediterranean mariculture. Chemosphere, 85(6),
899-919. doi: 10.1016/j.chemosphere.2011.07.015

Gueroun S. K. M., Molinero J. C., Piraino S., and Yahia M.
N. D. (2020). Population dynamics and predatory
impact of the alien jellyfish Aurelia solida (Cnidaria,
Scyphozoa) in the Bizerte Lagoon (southwestern
Mediterranean Sea). Mediterranean Marine Science,
21(1), 22-35. doi: 10.12681/mms.17358

Guiot J., and Cramer W. (2016). Climate change: The 2015
Paris Agreement thresholds and Mediterranean
basin ecosystems. Science, 354(6311), 465-468.
doi: 10.1126/science.aah5015

GUmriikctoglu Yigit M. (2022). Water Related Sectors
and Risks in Adaptation to Climate Change. In H.
Gokcekus & Y. Kassem (Eds.), Climate Change,
Natural Resources and Sustainable Environmental
Management  Environmental Earth  Sciences.
Springer, Cham.
doi: 10.1007/978-3-031-04375-8_3

Gunderson A. R., Armstrong E. J., and Stillman J. H.
(2016). Multiple Stressors in a Changing World: The
Need for an Improved Perspective on Physiological
Responses to the Dynamic Marine Environment.
Annual Review of Marine Science, 8(1), 357-378.
doi: 10.1146/annurev-marine-122414-033953

Habib R. R., Zein K. EL, and Ghanawi J. (2010). Climate
change and health research in the Eastern
Mediterranean Region. EcoHealth, 7(2), 156-175.
doi: 10.1007/510393-010-0330-1

Hadri A., Saidi M. E. M., ElL Khalki E. M., Aachrine B.,
Saouabe T.,and ElmakiA. A. (2022). Integrated water
management under climate change through the
application of the WEAP model in a Mediterranean
arid region. Journal of Water and Climate Change,
13(6), 2414-2442. doi: 10.2166/wcc.2022.039

Hall C. M., and Ram Y. (2018]). Case Study Israel:
Coastal tourism, coastal planning and climate
change in lIsrael. In A. Jones & M. Phillips
(Eds.), Global climate change and coastal tourism:
recognizing problems, managing solutions and
future expectations (1st ed., pp. 263-272). CABI.
doi: 10.1079/9781780648439.0263

Impacts and risks

Halpern B. S., Walbridge S., Selkoe K. A., Kappel C. V,
MicheliF., D'’Agrosa C., Bruno J. F., Casey K. S., Ebert
C., Fox H. E., Fujita R., Heinemann D., Lenihan H.
S., Madin E. M. P., Perry M. T, Selig E. R., Spalding
M., Steneck R., and Watson R. (2008). A Global Map
of Human Impact on Marine Ecosystems. Science,
319(5865), 948-952. doi: 10.1126/science. 1149345

Harley C. D. G., Randall Hughes A., Hultgren K. M., Miner
B. G., Sorte C. J. B., Thornber C. S., Rodriguez L. F.,
Tomanek L., and Williams S. L. (2006). The impacts
of climate change in coastal marine systems.
Ecology Letters, 9(2), 228-241.
doi: 10.1111/j.1461-0248.2005.00871.x

Hassoun A. E. R., Bantelman A., Canu D., Comeau S.,
Galdies C., Gattuso J. P., Giani M., Grelaud M.,
Hendriks I. E., Ibello V., Idrissi M., Krasakopoulou
E., Shaltout N., Solidoro C., Swarzenski P. W., and
Ziveri P. (2022). Ocean acidification research in the
Mediterranean Sea: Status, trends and next steps.
Frontiers in Marine Science, 9, 892670.
doi: 10.3389/fmars.2022.892670

Hauer M. E., Fussell E., Mueller V., Burkett M., Call M., Abel
K., McLeman R., and Wrathall D. (2020). Sea-level
rise and human migration. Nature Reviews Earth &
Environment, 1(1), 28-39.
doi: 10.1038/s43017-019-0002-9

Heaviside C., Tsangari H., Paschalidou A., Vardoulakis S.,
Kassomenos P., Georgiou K. E., and Yamasaki E. N.
(2016). Heat-related mortality in Cyprus for current
and future climate scenarios. Science of the Total
Environment, 569-570, 627-633.
doi: 10.1016/].scitotenv.2016.06.138

Hereher M. E. (2015). Coastal vulnerability assessment for
Egypt's Mediterranean coast. Geomatics, Natural
Hazards and Risk, 6(4), 342-355.
doi: 10.1080/19475705.2013.845115

Hidalgo M., Mihneva V., Vasconcellos M., and Bernal M.
(2018). Climate change impacts, vulnerabilities
and adaptations: Mediterranean Sea and the Black
Sea marine fisheries. In M. Barange, T. Bahri, M.
C. M. Beveridge, K. L. Cochrane, S. Funge-Smith,
& F. Poulain (Eds.), Impacts of climate change
on fisheries and aquaculture: synthesis of current
knowledge, adaptation and mitigation options. (pp.
139-157). FAO Fisheries and Aquaculture Technical
Paper No. 627. Rome, FAO. https://openknowledge.
fao.org/handle/20.500.14283/i9705en/

Higuera-Llantén S., Vasquez-Ponce F., Barrientos-
Espinoza B., Mardones F. 0., Marshall S. H., and
Olivares-Pacheco J. (2018). Extended antibiotic
treatment in salmon farms select multiresistant
gut bacteria with a high prevalence of antibiotic
resistance genes. PLOS ONE, 13(9), e0203641.
doi: 10.1371/journal.pone.0203641

Hinkel J., Jaeger C., Nicholls R. J., Lowe J., Renn O.,
and Peijun S. (2015). Sea-level rise scenarios and
coastal risk management. Nature Climate Change,
5(3), 188-190. doi: 10.1038/nclimate2505



https://doi.org/10.1016/j.scitotenv.2021.151190
https://doi.org/10.1007/s10113-011-0274-1
https://doi.org/10.1002/fee.1459
https://doi.org/10.1016/j.chemosphere.2011.07.015
https://doi.org/10.12681/mms.17358
https://doi.org/10.1126/science.aah5015
https://link.springer.com/10.1007/978-3-031-04375-8_3
https://doi.org/10.1146/annurev-marine-122414-033953
https://doi.org/10.1007/S10393-010-0330-1
https://doi.org/10.2166/wcc.2022.039
https://doi.org/10.1079/9781780648439.0263
https://doi.org/10.1126/science.1149345
https://doi.org/10.1111/j.1461-0248.2005.00871.x
https://doi.org/10.3389/fmars.2022.892670
https://doi.org/10.1038/s43017-019-0002-9
https://doi.org/10.1016/j.scitotenv.2016.06.138
https://doi.org/10.1080/19475705.2013.845115
https://openknowledge.fao.org/handle/20.500.14283/i9705en/
https://openknowledge.fao.org/handle/20.500.14283/i9705en/
https://doi.org/10.1371/journal.pone.0203641
https://doi.org/10.1038/nclimate2505

Hinkel J., Lincke D., Vafeidis A. T., Perrette M., Nicholls R.
J., Tol R. S. J., Marzeion B., Fettweis X., lonescu C.,
and Levermann A. (2014). Coastal flood damage and
adaptation costs under 21st century sea-level rise.
Proceedings of the National Academy of Sciences,
111(9), 3292-3297. doi: 10.1073/pnas.1222469111

Hodzi¢ M. (1979). Occurrences of exceptional sea-level
oscillations in the Vela Luka Bay. Priroda (in
Croatian), 68, 52-53.

Hossain A., Sabagh A. EL, Barutcular C., Bhatt R., Cig F,,
Seydosoglu S., Turan N., Konuskan 0., Aamir Igbal
M., Abdelhamid M., Tojo Soler C. M., Laing A., and
Saneoka H. (2020). Sustainable crop production
to ensuring food security under climate change:
A Mediterranean perspective. AJCS, 14(03), 1835-
2707. doi: 10.21475/ajcs.20.14.03.p1976

Houngnandan F., Kefi S., Bockel T., and Deter J. (2022). The
joint influence of environmental and anthropogenic
factors on the invasion of two alien caulerpae in
northwestern Mediterranean. Biological Invasions,
24(2), 449-462. doi: 10.1007/s10530-021-02654-w

Howarth R.W.(2008). Coastal nitrogen pollution: A review of
sources and trends globally and regionally. Harmful
Algae, 8(1), 14-20. doi: 10.1016/j.hal.2008.08.015

Ibdfez C., and Caiola N. (2021). Sea-level rise, marine
storms and the resilience of Mediterranean coastal
wetlands: lessons learned from the Ebro Delta.
Marine and Freshwater Research, 73(10), 1246-1254.
doi: 10.1071/mf21140

Iglesias A., and Garrote L. (2018). Local and Collective
Actions for Adaptation to Use Less Water for
Agriculture in the Mediterranean Region. In Water
Scarcity and Sustainable Agriculture in Semiarid
Environment (pp. 73-84). Elsevier.
doi: 10.1016/b978-0-12-813164-0.00004-1

Iglesias A., Garrote L., Diz A., Schlickenrieder J., and
Martin-Carrasco F. (2011). Re-thinking water policy
priorities in the Mediterranean region in view of
climate change. Environmental Science & Policy,
14(7), 744-757. doi: 10.1016/].envsci.2011.02.007

Impacts of climate change on fisheries and aquaculture.
(2018). In M. Barange, T. Bahri, M. C. M. Beveridge,
K. L. Cochrane, S. Funge-Smith, & F. Poulain (Eds.},
United Nations Human Settlements Programme (UN-
Habitat): Addis Ababa, Ethiopia. (2021). FAQ Fisheries
and Aquaculture Technical Paper No. 627. Rome,
FAO. 628 pp. https://openknowledge.fao.org/
handle/20.500.14283/i9705en

Istam F., Wang J., Faroog M. A., Khan M. S. S, Xu L.,
Zhu J., Zhao M., Munos S., Li Q. X., and Zhou
W. (2018). Potential impact of the herbicide
2,4-dichlorophenoxyacetic acid on human and
ecosystems. Environment International, 111, 332-
3571. doi: 10.1016/].envint.2017.10.020

Izaguirre C., Losada I. J., Camus P., Vigh J. L., and Stenek
V. (2021). Climate change risk to global port
operations. Nature Climate Change, 11(1), 14-20.
doi: 10.1038/s41558-020-00937-z

Jambeck J. R., Geyer R., Wilcox C., Siegler T. R., Perryman
M., Andrady A., Narayan R., and Law K. L. (2015).
Plastic waste inputs from land into the ocean.
Science, 347(6223), 768-771.
doi: 10.1126/science.1260352

Jansa A., and Ramis C. (2021). The Balearic rissaga: from
pioneering research to present-day knowledge.
Natural Hazards, 106(2), 1269-1297.
doi: 10.1007/s11069-020-04221-3

Jiménez J. A., Sancho-Garcia A., Bosom E., Valdemoro H.
I, and Guillén J. (2012). Storm-induced damages
along the Catalan coast [NW Mediterranean] during
the period 1958-2008. Geomorphology, 143-144, 24—
33. doi: 10.1016/j.geomorph.2011.07.034

Jiménez J. A., Sanuy M., Ballesteros C., and Valdemoro
H. I. (2018). The Tordera Delta, a hotspot to storm
impacts in the coast northwards of Barcelona (NW
Mediterranean). Coastal Engineering, 134, 148-158.
doi: 10.1016/j.coastaleng.2017.08.012

Jiménez J. A., and Valdemoro H. I. (2019]. Shoreline
Evolution and its Management Implications in
Beaches Along the Catalan Coast. In J. A. Morales
(Ed.), The Spanish Coastal Systems: Dynamic
Processes, Sediments and Management (pp. 745-
764). Springer International Publishing.
doi: 10.1007/978-3-319-93169-2_32

Jiménez J. A., Valdemoro H. I, Bosom E., Sanchez-Arcilla
A., and Nicholls R. J. ({2017). Impacts of sea-level
rise-induced erosion on the Catalan coast. Regional
Environmental Change, 17(2), 593-603.
doi: 10.1007/s10113-016-1052-x

Jobbins G., and Henley G. (2015). Food in an uncertain
future: the impacts of climate change on food
security and nutrition in the Middle East and North
Africa. Overseas Development Institute, London /
World Food Programme, Rome. https://odi.org/en/
publications/food-in-an-uncertain-future/

Joshi S. R., Vielle M., Babonneau F., Edwards N. R,
and Holden P. B. (2016). Physical and Economic
Consequences of Sea-Level Rise: ACoupled GIS and
CGE Analysis Under Uncertainties. Environmental
and Resource Economics, 65(4), 813-839.
doi: 10.1007/S10640-015-9927-8

Kapsomenakis J., Douvis C., Poupkou A., Zerefos S.,
Solomos S., Stavraka T., Melis N. S., Kyriakidis
E., Kremlis G., and Zerefos C. (2023). Climate
change threats to cultural and natural heritage
UNESCO sites in the Mediterranean. Environment,
Development and Sustainability, 25(12), 14519-
14544, doi: 10.1007/S10668-022-02677-w

Karagas M. R., Choi A. L., Oken E., Horvat M., Schoeny R.,
Kamai E., Cowell W., Grandjean P., and Korrick S.
(2012). Evidence on the Human Health Effects of
Low-Level Methylmercury Exposure. Environmental
Health Perspectives, 120(6), 799-806.
doi: 10.1289/ehp.1104494

Karatayev A. Y., Burlakova L. E., and Padilla D. K. (2015).
Zebra versus quagga mussels: a review of their
spread, population dynamics, and ecosystem
impacts. Hydrobiologia, 746(1), 97-112.
doi: 10.1007/S10750-014-1901-x

Karavani A., De Caceres M., Martinez De Aragdn J., Bonet
J. A, and de-Miguel S. (2018). Effect of climatic and
soil moisture conditions on mushroom productivity
and related ecosystem services in Mediterranean
pine stands facing climate change. Agricultural and
Forest Meteorology, 248, 432-440.
doi: 10.1016/j.agrformet.2017.10.024



https://doi.org/10.1073/pnas.1222469111
https://doi.org/10.21475/ajcs.20.14.03.p1976
https://doi.org/10.1007/s10530-021-02654-w
https://doi.org/10.1016/j.hal.2008.08.015
https://doi.org/10.1071/mf21140
https://doi.org/10.1016/b978-0-12-813164-0.00004-1
https://doi.org/10.1016/j.envsci.2011.02.007
https://openknowledge.fao.org/handle/20.500.14283/i9705en
https://openknowledge.fao.org/handle/20.500.14283/i9705en
https://doi.org/10.1016/j.envint.2017.10.020
https://doi.org/10.1038/s41558-020-00937-z
https://doi.org/10.1126/science.1260352
https://doi.org/10.1007/s11069-020-04221-3
https://doi.org/10.1016/j.geomorph.2011.07.034
https://doi.org/10.1016/j.coastaleng.2017.08.012
https://doi.org/10.1007/978-3-319-93169-2_32
https://doi.org/10.1007/s10113-016-1052-x
https://odi.org/en/publications/food-in-an-uncertain-future/
https://odi.org/en/publications/food-in-an-uncertain-future/
https://doi.org/10.1007/S10640-015-9927-8
https://doi.org/10.1007/S10668-022-02677-w
https://doi.org/10.1289/ehp.1104494
https://doi.org/10.1007/S10750-014-1901-x
https://doi.org/10.1016/j.agrformet.2017.10.024

Kasmi S., Snoussi M., Khalfaoui 0., Aitali R., and Flayou
L. (2020). Increasing pressures, eroding beaches
and climate change in Morocco. Journal of
African Earth Sciences, 164, 103796.
doi: 10.1016/].jafrearsci.2020.103796

Katircioglu S., Cizreliogullari M. N., and Katircioglu S.
(2019). Estimating the role of climate changes
on international tourist flows: evidence from
Mediterranean Island States. Environmental Science
and Pollution Research, 26(14), 14393-14399.
doi: 10.1007/s11356-019-04750-w

Katsanevakis S., Olenin S., Puntila-Dodd R., Rilov G., Staehr
P. A. U., Teixeira H., Tsirintanis K., Birchenough S.
N. R., Jakobsen H. H., Knudsen S. W., Lanzén A.,
Mazaris A. D., Piraino S., and Tidbury H. J. (2023).
Marine invasive alien species in Europe: 9 years
after the IAS Regulation. Frontiers in Marine Science,
10, 1271755. doi: 10.3389/fmars.2023.1271755

Katsanevakis S., Tempera F., and Teixeira H. (2016).
Mapping the impact of alien species on marine
ecosystems: the Mediterranean Sea case study.
Diversity and Distributions, 22(6), 694-707.
doi: 10.1111/ddi.12429

Katsanevakis S., Wallentinus |., Zenetos A., Leppakoski
E., Cinar M. E., Oztirk B., Grabowski M., Golani
D., and Cardoso A. C. (2014). Impacts of invasive
alien marine species on ecosystem services and
biodiversity: a pan-European review. Aquatic
Invasions, 9(4), 391-423. doi: 10.3391/ai.2014.9.4.01

Kavadia A., Omirou M., Fasoula D., and loannides |. M.
(2020). The Importance of Microbial Inoculants
in a Climate-Changing Agriculture in Eastern
Mediterranean Region. Atmosphere, 11(10), 1136.
doi: 10.3390/atmos11101136

Khouakhi A., Niazi S., Raji 0., and EL Fahchouch A. N. (2015).
Vulnerability assessment of seawater intrusion
using hydro-geological indices in Moroccan
Mediterranean aquifers. International Journal of
Hydrology Science and Technology, 5(2), 133-148.
doi: 10.1504/ijhst.2015.070087

King 0. C., Van De Merwe J. P., Campbell M. D., Smith R. A,,
Warne M. S. J., and Brown C. J. (2022). Interactions
among multiple stressors vary with exposure
duration and biological response. Proceedings of
the Royal Society B, 289(1974).
doi: 10.1098/rspb.2022.0348

Kirezci E., Young I. R., Ranasinghe R., Muis S., Nicholls
R. J., Lincke D., and Hinkel J. (2020). Projections
of global-scale extreme sea levels and resulting
episodic coastal flooding over the 21st Century.
Scientific Reports, 10(1), 11629.
doi: 10.1038/s41598-020-67736-6

Kirwan M. L., and Guntenspergen G. R. (2010). Influence
of tidal range on the stability of coastal marshland.
Journal of Geophysical Research: Earth Surface,
115(F2), 2009. doi: 10.1029/2009f001400

Kleitou P., Moutopoulos D. K., Giovos I., Kletou D., Savva I.,
Cai L. L., Hall-Spencer J. M., Charitou A., Elia M.,
Katselis G., and Rees S. (2022). Conflicting interests
and growing importance of non-indigenous species
in commercial and recreational fisheries of the
Mediterranean Sea. Fisheries Management and
Ecology, 29(2), 169-182. doi: 10.1111/fme.12531

Impacts and risks

Korkmaz N. E., Savun-Hekimoglu B., Aksu A., Burak S.,
and Caglar N. B. (2022). Occurrence, sources and
environmental risk assessment of pharmaceuticals
in the Sea of Marmara, Turkey. Science of The Total
Environment, 819, 152996.
doi: 10.1016/j.scitotenv.2022.152996

Kourgialas N. N., Koubouris G. C., Karatzas G. P.,, and
Metzidakis I. (2016). Assessing water erosion in
Mediterranean tree crops using GIS techniques and
field measurements: the effect of climate change.
Natural Hazards, 83(1), 65-81.
doi: 10.1007/S11069-016-2354-5

Koutroulis A. G., Grillakis M. G., Tsanis |. K., and Jacob
D. (2018]). Mapping the vulnerability of European
summer tourism under 2°C global warming.
Climatic Change, 151(2), 157-171.
doi: 10.1007/s10584-018-2298-8

Kuhfuss L., Rey-Valette H., Sourisseau E., Heurtefeux H.,
and Rufray X. (2016). Evaluating the impacts of
sea level rise on coastal wetlands in Languedoc-
Roussillon, France. Environmental Science & Policy,
59, 26-34. doi: 10.1016/].envsci.2016.02.002

Kumar L., Chhogyel N., Gopalakrishnan T., Hasan M. K,
Jayasinghe S. L., Kariyawasam C. S., Kogo B. K.,
and Ratnayake S. (2022). Climate change and future
of agri-food production. In Future Foods (pp. 49-79).
Elsevier. doi: 10.1016/b978-0-323-91001-9.00009-8

Lacoue-Labarthe T., Nunes P. A. L. D., Ziveri P,, Cinar M.,
Gazeau F., Hall-Spencer J. M., Hilmi N., Moschella
P., SafaA., Sauzade D., and Turley C. (2016). Impacts
of ocean acidification in a warming Mediterranean
Sea: An overview. Regional Studies in Marine Science,
5,1-11. doi: 10.1016/j.rsma.2015.12.005

Landrigan P. J., Stegeman J. J., Fleming L. E., Allemand
D., Anderson D. M., Backer L. C., Brucker-Davis
F., Chevalier N., Corra L., Czerucka D., Bottein
M.-Y. D., Demeneix B., Depledge M., Deheyn D.
D., Dorman C. J., Fénichel P, Fisher S., Gaill F.,
Galgani F., ... Rampal P. (2020). Human Health and
Ocean Pollution. Annals of Global Health, 86(1), 151.
doi: 10.5334/aogh.2831

Lange M. A. (2019). Impacts of Climate Change on the

Eastern Mediterranean and the Middle East and

North Africa Region and the Water-Energy Nexus.

Atmosphere, 10(8), 455. doi: 10.3390/atmos 10080455

M. A. (2022). Climate Change and the Water-

Energy Nexus in the MENA Region. In V. Naddeo,

K.-H. Choo, & M. Ksibi (Eds.), Water-Energy-Nexus

in the Ecological Transition (pp. 93-98). Springer

International Publishing.

doi: 10.1007/978-3-031-00808-5_22

Lange R., and Marshall D. (2017). Ecologically relevant
levels of multiple, common marine stressors
suggest antagonistic effects. Scientific Reports, 7(1),
6281. doi: 10.1038/s541598-017-06373-y

Le Cozannet G., Garcin M., Yates M., Idier D., and
Meyssignac B. (2014). Approaches to evaluate
the recent impacts of sea-level rise on shoreline
changes. Earth-Science Reviews, 138, 47-60.
doi: 10.1016/j.earscirev.2014.08.005

Lange



https://doi.org/10.1016/j.jafrearsci.2020.103796
https://doi.org/10.1007/s11356-019-04750-w
https://doi.org/10.3389/fmars.2023.1271755
https://doi.org/10.1111/ddi.12429
https://doi.org/10.3391/ai.2014.9.4.01
https://doi.org/10.3390/atmos11101136
https://doi.org/10.1504/ijhst.2015.070087
https://doi.org/10.1098/rspb.2022.0348
https://doi.org/10.1038/s41598-020-67736-6
https://doi.org/10.1029/2009jf001400
https://doi.org/10.1111/fme.12531
https://doi.org/10.1016/j.scitotenv.2022.152996
https://doi.org/10.1007/S11069-016-2354-5
https://doi.org/10.1007/s10584-018-2298-8
https://doi.org/10.1016/j.envsci.2016.02.002
https://doi.org/10.1016/b978-0-323-91001-9.00009-8
https://doi.org/10.1016/j.rsma.2015.12.005
https://doi.org/10.5334/aogh.2831
https://doi.org/10.3390/atmos10080455
https://link.springer.com/10.1007/978-3-031-00808-5_22
https://doi.org/10.1038/s41598-017-06373-y
https://doi.org/10.1016/j.earscirev.2014.08.005

Le Cozannet G., Oliveros C., Castelle B., Garcin M., Idier D.,
Pedreros R., and Rohmer J. (2016). Uncertainties in
Sandy Shorelines Evolution under the Bruun Rule
Assumption. Frontiers in Marine Science, 3.
doi: 10.3389/fmars.2016.00049

Leberger R., Geijzendorffer I. R., Gaget E., Gwelmami
A., Galewski T., Pereira H. M., and Guerra C. A.
(2020). Mediterranean wetland conservation in the
context of climate and land cover change. Regional
Environmental Change, 20(2), 67.
doi: 10.1007/s10113-020-01655-0

Leduc C., Pulido-Bosch A., and Remini B. (2017).
Anthropization of groundwater resources in the
Mediterranean region: processes and challenges.
Hydrogeology Journal 2017 25:6, 25(6), 1529-1547.
doi: 10.1007/s10040-017-1572-6

Lefebvre G., Redmond L., Germain C., Palazzi E., Terzago
S., Willm L., and Poulin B. (2019]). Predicting the
vulnerability of seasonally-flooded wetlands to
climate change across the Mediterranean Basin.
Science of The Total Environment, 692, 546-555.
doi: 10.1016/].scitotenv.2019.07.263

Leissner J., Kilian R., Kotova L., Jacob D., Mikolajewicz U.,
Brostrom T., Ashley-Smith J., Schellen H. L., Martens
M., Van Schijndel J., Antretter F., Winkler M., Bertolin
C., Camuffo D., Simeunovic G., and Vyhlidal T. (2015).
Climate for Culture: assessing the impact of climate
change on the future indoor climate in historic
buildings using simulations. Heritage Science, 3(1),
38. doi: 10.1186/s40494-015-0067-9

Lentz E. E., Thieler E. R, Plant N. G., Stippa S. R., Horton
R. M., and Gesch D. B. (2016). Evaluation of dynamic
coastal response to sea-level rise modifies
inundation likelihood. Nature Climate Change, 6(7),
696-700. doi: 10.1038/nclimate2957

Leslie H. A., Van Velzen M. J. M., Brandsma S. H., Vethaak
A.D., Garcia-Vallejo J. J., and Lamoree M. H. (2022).
Discovery and quantification of plastic particle
pollution in human blood. Environment International,
163, 107199. doi: 10.1016/].envint.2022.107199

LiL., Switzer A.D.,WangY., Chan C.-H., Qiu Q., and Weiss R.
(2018). A modest 0.5-m rise in sea level will double
the tsunami hazard in Macau. Science Advances,
4(8), eaat1180. doi: 10.1126/sciadv.aat1180

Licer M., Mourre B., Troupin C., Krietemeyer A., Jansa A.,
and Tintoré J. (2017). Numerical study of Balearic
meteotsunami generation and propagation under
synthetic gravity wave forcing. Ocean Modelling, 111,
38-45. doi: 10.10716/j.0ocemod.2017.02.001

Linares C., Diaz J., Negev M., Martinez G. S., Debono R,
and Paz S. (2020). Impacts of climate change on the
public health of the Mediterranean Basin population
- Current situation, projections, preparedness and
adaptation. Environmental Research, 182, 109107.
doi: 10.1016/j.envres.2019.109107

Linares C., PazS., Diaz J., Negev M., and Sanchez Martinez
G. (2020). Health. In W. Cramer, J. Guiot, & K.
Marini (Eds.), Climate and Environmental Change
in the Mediterranean Basin - Current Situation and
Risks for the Future. First Mediterranean Assessment
Report (pp. 493-514). Union for the Mediterranean,
Plan Bleu, UNEP/MAP, Marseille, France.
doi: 10.5281/zen0do.7101115

Liquete C., Piroddi C., Macias D., Druon J. N., and Zulian
G. (2016). Ecosystem services sustainability in
the Mediterranean Sea: Assessment of status
and trends using multiple modelling approaches.
Scientific Reports, 6(1), 1-14. doi: 10.1038/srep34162

Liu S., Chen H., Xu X. R., Hao Q. W., Zhao J. L., and Ying
G. G. (2017). Three classes of steroids in typical
freshwater aquaculture farms: Comparison to
marine aquaculture farms. Science of The Total
Environment, 609, 942-950.
doi: 10.1016/j.scitotenv.2017.07.207

Llasat M. C., Del Moral A., Cortés M., and Rigo T. (2021a).
Convective precipitation trends in the Spanish
Mediterranean region. Atmospheric Research, 257,
105581. doi: 10.1016/j.atmosres.2021.105581

Llasat M. C., Llasat-Botija M., Cortés M., Rigo T., Moral
A. del, Caballero I., Iglesias A., and Jiménez J.
A. (2021b). Coping with flood risk adaptation in
Mediterranean countries: evidences, uncertainties,
strategies and limits. FLOODrisk 2020 - 4th European
Conference on Flood Risk Management, null-null.
doi: 10.3311/floodrisk2020.12.20

Llasat M. C., Llasat-Botija M., Petrucci 0., Pasqua A. A,,
Rosselld J., Vinet F., and Boissier L. (2013). Towards
a database on societal impact of Mediterranean
floods within the framework of the HYMEX project.
Natural Hazards and Earth System Sciences, 13(5),
1337-1350. doi: 10.5194/nhess-13-1337-2013

Llasat M. C., Llasat-Botija M., Prat M. A., Porcu F., Price C.,
Mugnai A., Lagouvardos K., Kotroni V., Katsanos D.,
Michaelides S., Yair Y., Savvidou K., and Nicolaides
K. (2010). High-impact floods and flash floods in
Mediterranean countries: The FLASH preliminary
database. Advances in Geosciences, 23, 47-55.
doi: 10.5194/adgeo-23-47-2010

Lloret J., Sabatés A., Mufioz M., Demestre M., Solé I.,
Font T., Casadevall M., Martin P., and Gémez S.
(2015). How a multidisciplinary approach involving
ethnoecology, biology and fisheries can help
explain the spatio-temporal changes in marine
fish abundance resulting from climate change.
Global Ecology and Biogeography, 24(4), 448-461.
doi: 10.1111/geb.12276

Lohr A., Savelli H., Beunen R., Kalz M., Ragas A., and Van
Belleghem F. (2017). Solutions for global marine
litter pollution. Current Opinion in Environmental
Sustainability, 28, 90-99.
doi: 10.1016/].cosust.2017.08.009

Lépez-Dériga U., and Jiménez J. A. (2020). Impact of
Relative Sea-Level Rise on Low-Lying Coastal
Areas of Catalonia, NW Mediterranean, Spain.
Water, 12(11), 3252. doi: 10.3390/w12113252

Lépez-Doériga U., Jiménez J. A., Valdemoro H. I., and
Nicholls R. J. (2019]). Impact of sea-level rise on the
tourist-carrying capacity of Catalan beaches. Ocean
& Coastal Management, 170, 40-50.
doi: 10.1016/j.ocecoaman.2018.12.028

Lépez-Serna R., Jurado A., Vazquez-Suhié E., Carrera J.,
Petrovié¢ M., and Barcelé D. (2013). Occurrence of
95 pharmaceuticals and transformation products
in urban groundwaters underlying the metropolis
of Barcelona, Spain. Environmental Pollution, 174,
305-315. doi: 10.1016/j.envpol.2012.11.022



https://doi.org/10.3389/fmars.2016.00049
https://doi.org/10.1007/s10113-020-01655-0
https://doi.org/10.1007/s10040-017-1572-6
https://doi.org/10.1016/j.scitotenv.2019.07.263
https://doi.org/10.1186/s40494-015-0067-9
https://doi.org/10.1038/nclimate2957
https://doi.org/10.1016/j.envint.2022.107199
https://doi.org/10.1126/sciadv.aat1180
https://doi.org/10.1016/j.ocemod.2017.02.001
https://doi.org/10.1016/j.envres.2019.109107
https://doi.org/10.5281/zenodo.7101115
https://doi.org/10.1038/srep34162
https://doi.org/10.1016/j.scitotenv.2017.07.207
https://doi.org/10.1016/j.atmosres.2021.105581
https://doi.org/10.3311/floodrisk2020.12.20
https://doi.org/10.5194/nhess-13-1337-2013
https://doi.org/10.5194/adgeo-23-47-2010
https://doi.org/10.1111/geb.12276
https://doi.org/10.1016/j.cosust.2017.08.009
https://doi.org/10.3390/w12113252
https://doi.org/10.1016/j.ocecoaman.2018.12.028
https://doi.org/10.1016/j.envpol.2012.11.022

Lorito S., Tiberti M. M., Basili R., Piatanesi A., and Valensise
G. (2008). Earthquake-generated tsunamis in the
Mediterranean Sea: Scenarios of potential threats
to Southern ltaly. Journal of Geophysical Research:
Solid Earth, 113(1), 1301. doi: 10.1029/2007jb004943

Louati M., Saidi H., and Zargouni F. (2015). Shoreline
change assessment using remote sensing and
GIS techniques: a case study of the Medjerda delta
coast, Tunisia. Arabian Journal of Geosciences, 8(6),
4239-4255. doi: 10.1007/s12517-014-1472-1

Lubczynska M. J., Christophi C. A, and Lelieveld J. (2015).
Heat-related cardiovascular mortality risk in
Cyprus: A case-crossover study using a distributed
lag non-linear model. Environmental Health: A
Global Access Science Source, 14(1).
doi: 10.1186/s12940-015-0025-8

Luijendijk A., Hagenaars G., Ranasinghe R., Baart F,
Donchyts G., and Aarninkhof S. (2018). The State of
the World's Beaches. Scientific Reports, 8(1), 6641.
doi: 10.1038/s41598-018-24630-6

Luisetti T., Turner K., and Bateman I. (2008). An ecosystem
services approach to assess managed realignment
coastal policy in England. Working Paper - Centre
for Social and Economic Research on the Global
Environment, 1 edn, pp. 1-25. https://research-
portal.uea.ac.uk/en/publications/an-ecosystem-
services-approach-to-assess-managed-
realignment-coas

Magnan A., Hamilton J., Rossell¢ J., Billé R., and Bujosa
A. (2013). Mediterranean Tourism and Climate
Change: Identifying Future Demand and Assessing
Destinations” Vulnerability. In A. Navarra & L.
Tubiana (Eds.), Regional Assessment of Climate
Change in the Mediterranean. Advances in Global
Change Research, vol 51 (Vol. 51). Springer,
Dordrecht. doi: 10.1007/978-94-007-5772-1_15

Mammi |., Rossi L., and Pranzini E. (2019). Mathematical
Reconstruction of Eroded Beach Ridges at the
Ombrone River Delta. Water, 11(11), 2281.
doi: 10.3390/w11112281

Maneas G., Makopoulou E., Bousbouras D., Berg H., and
Manzoni S. (2019). Anthropogenic Changes in a
Mediterranean Coastal Wetland during the Last
Century—The Case of Gialova Lagoon, Messinia,
Greece. Water, 11(2), 350. doi: 10.3390/w11020350

Manno G., Anfuso G., Messina E., Williams A. T., Suffo
M., and Liguori V. (2016). Decadal evolution of
coastline armouring along the Mediterranean
Andalusia littoral (South of Spain). Ocean & Coastal
Management, 124, 84-99.
doi: 10.1016/j.ocecoaman.2016.02.007

Marampouti C., Buma A. G. J., and de Boer M. K. (2021).
Mediterranean alien harmful algal blooms: origins
and impacts. Environmental Science and Pollution
Research, 28(4), 3837-3851.
doi: 10.1007/s11356-020-10383-1

Marangoz D., and Daloglu I. (2022). Development of
a Water Security Index Incorporating Future
Challenges. Climate Change Management, 313-329.
doi: 10.1007/978-3-030-78566-6 15

Impacts and risks

Marras S., Cucco A., Antognarelli F., Azzurro E., Milazzo
M., Bariche M., Butenschon M., Kay S., Di Bitetto
M., Quattrocchi G., Sinerchia M., and Domenici P.
(2015). Predicting future thermal habitat suitability
of competing native and invasive fish species: from
metabolic scope to oceanographic modelling.
Conservation Physiology, 3(1).
doi: 10.1093/conphys/cou059

Marriner N., Morhange C., Flaux C., and Carayon N.
(2017). Harbors and Ports, Ancient. In A. S. Gilbert
(Ed.), Encyclopedia of Geoarchaeology [(pp. 382-
403). Springer Netherlands. http://link.springer.
com/10.1007/978-1-4020-4409-0 119

Martinelli A., Kolokotsa D. D., and Fiorito F. (2020). Urban
Heat Island in Mediterranean Coastal Cities: The
Case of Bari (ltaly). Climate 2020, 8(6), 79.
doi: 10.3390/cli8060079

Martinez M., Mangano M. C., Maricchiolo G., Genovese
L., Mazzola A., and Sara G. (2018]). Measuring the
effects of temperature rise on Mediterranean
shellfish aquaculture. Ecological Indicators, 88, 71-
78. doi: 10.1016/j.ecolind.2018.01.002

Martinez-Megias C., and Rico A. (2022). Biodiversity
impacts by multiple anthropogenic stressors in
Mediterranean coastal wetlands. Science of The
Total Environment, 818, 151712.
doi: 10.1016/j.scitotenv.2021.151712

Mastrocicco M., and Colombani N. (2021). The Issue of
Groundwater Salinization in Coastal Areas of the
Mediterranean Region: A Review. Water, 13(1], 90.
doi: 10.3390/w13010090

MATTM (2018). Linee Guida per la Difesa della Costa dai
fenomeni di Erosione e dagli effetti dei Cambiamenti
climatici. Versione 2018. Documento elaborato
dal Tavolo Nazionale sullErosione Costiera
MATTM-Regioni con il coordinamento tecnico di
ISPRA, 305 pp. https://moodle2.units.it/pluginfile.
php/591581/mod resource/content/1/TNEC _
Linee-Guida-erosione-costiera_2018.pdf

MedECC (2020a). Climate and Environmental Change in the
Mediterranean Basin - Current Situation and Risks
for the Future. First Mediterranean Assessment
Report (W. Cramer, J. Guiot, & K. Marini, Eds.].
Union for the Mediterranean, Plan Bleu, UNEP/
MAP, Marseille, France, 632 pp.
doi: 10.5281/zenodo0.4768833

MedECC (2020b). Summary for Policymakers. In W.
Cramer, J. Guiot, & K. Marini (Eds.), Climate and
Environmental Change in the Mediterranean Basin
- Current Situation and Risks for the Future. First
Mediterranean Assessment Report. Union for the
Mediterranean, Plan Bleu, UNEP/ MAP, Marseille,
France, pp 11-40. doi: 10.5281/zenodo.5513887

Mehvar S., Filatova T., Dastgheib A., de Ruyter van
Steveninck E., and Ranasinghe R. (2018).
Quantifying Economic Value of Coastal Ecosystem
Services: A Review. Journal of Marine Science and
Engineering 2018, Vol. 6, Page 5, 6(1), 5.
doi: 10.3390/jmse6010005

Mentaschi L., Vousdoukas M. I., Pekel J.-F., Voukouvalas E.,
and Feyen L. (2018). Global long-term observations
of coastal erosion and accretion. Scientific Reports,
8(1), 12876. doi: 10.1038/s41598-018-30904-w



https://doi.org/10.1029/2007jb004943
https://doi.org/10.1007/s12517-014-1472-1
https://doi.org/10.1186/s12940-015-0025-8
https://doi.org/10.1038/s41598-018-24630-6
https://research-portal.uea.ac.uk/en/publications/an-ecosystem-services-approach-to-assess-managed-realignment-coas
https://research-portal.uea.ac.uk/en/publications/an-ecosystem-services-approach-to-assess-managed-realignment-coas
https://research-portal.uea.ac.uk/en/publications/an-ecosystem-services-approach-to-assess-managed-realignment-coas
https://research-portal.uea.ac.uk/en/publications/an-ecosystem-services-approach-to-assess-managed-realignment-coas
https://doi.org/10.1007/978-94-007-5772-1_15
https://doi.org/10.3390/w11112281
https://doi.org/10.3390/w11020350
https://doi.org/10.1016/j.ocecoaman.2016.02.007
https://doi.org/10.1007/s11356-020-10383-1
https://doi.org/10.1007/978-3-030-78566-6_15
https://doi.org/10.1093/conphys/cou059
http://link.springer.com/10.1007/978-1-4020-4409-0_119
http://link.springer.com/10.1007/978-1-4020-4409-0_119
https://doi.org/10.3390/cli8060079
https://doi.org/10.1016/j.ecolind.2018.01.002
https://doi.org/10.1016/j.scitotenv.2021.151712
https://doi.org/10.3390/w13010090
https://moodle2.units.it/pluginfile.php/591581/mod_resource/content/1/TNEC_Linee-Guida-erosione-costiera_2018.pdf
https://moodle2.units.it/pluginfile.php/591581/mod_resource/content/1/TNEC_Linee-Guida-erosione-costiera_2018.pdf
https://moodle2.units.it/pluginfile.php/591581/mod_resource/content/1/TNEC_Linee-Guida-erosione-costiera_2018.pdf
https://doi.org/10.5281/zenodo.4768833
https://doi.org/10.5281/zenodo.5513887
https://doi.org/10.3390/jmse6010005
https://doi.org/10.1038/s41598-018-30904-w

(Eds.).
Mediterranean region under climate change: A
scientific update - Collectif - Google Books. Marseille:
IRD Editions. doi: 10.4000/books.irdeditions.22908

Moatti, J.-P., & Thiébault, S. (2016). The

Monserrat S., Ramis C., and Thorpe A. J. (1991). Large-
amplitude pressure oscillations in the western
Mediterranean. Geophysical Research Letters, 18(2),
183-186. doi: 10.1029/919l00234

Moragoda N., and Cohen S. (2020). Climate-induced trends
in global riverine water discharge and suspended
sediment dynamics in the 21st century. Global and
Planetary Change, 191, 103199.
doi: 10.1016/j.gloplacha.2020.103199

Moreno A. (2010). Mediterranean Tourism and Climate
(Change): A Survey-Based Study. Tourism and
Hospitality Planning & Development, 7(3), 253-265.
doi: 10.1080/1479053x.2010.502384

Mouzouri M., and Irzi Z. (2011). Evolution et
morphodynamique de la plaine cotiére de Saida
(littoral méditerranéen du Nord-Est du Maroc)
durant la période 1958-2006. Bulletin de llnstitut
Scientifique Rabat, 33, 65-76. http://www.israbat.
ac.ma/?page_id=251#Annee 2011 Numero_33

Muresan A. N., Gaglio M., Aschonitis V., Nobili G., Castaldelli
G., and Fano E. A. (2020). Structural and functional
responses of macroinvertebrate communities in
small wetlands of the Po delta with different and
variable salinity levels. Estuarine, Coastal and Shelf
Science, 238, 106726.
doi: 10.1016/j.ecss.2020.106726

MWO (2018). Mediterranean Wetlands Outlook 2: Solutions
for sustainable Mediterranean Wetlands, Tour du
Valat, France. https://medwet.org/wp-content/
uploads/2018/10/MWQ_2018 Technical-report.pdf

Navon G., Kaplan A., Avisar D., and Shenkar N. (2020).
Assessing pharmaceutical contamination along
the Mediterranean and Red Sea coasts of Israel:
Ascidians (Chordata, Ascidiacea) as bioindicators.
Marine Pollution Bulletin, 160, 111510.
doi: 10.1016/j.marpolbul.2020.111510

Neira M., Erguler K., Ahmady-Birgani H., DaifAllah AL-
Hmoud N., Fears R., Gogos C., Hobbhahn N., Koliou
M., Kostrikis L. G., Lelieveld J., Majeed A., Paz S,
Rudich Y., Saad-Hussein A., Shaheen M., Tobias A.,
and Christophides G. (2023). Climate change and
human health in the Eastern Mediterranean and
middle east: Literature review, research priorities
and policy suggestions. Environmental Research,
216(Pt 2). doi: 10.1016/j.envres.2022.114537

Neofitou N., Syvri R., Tziantziou L., Mente E., and Vafidis
D. (2020). The benthic environmental footprint of
aquaculture in the Eastern Mediterranean: Organic
vs conventional fish farming. Aquaculture Research,
51(7), 2698-2710. doi: 10.1111/are.14609

Niavis S., and Kallioras D. (2021). The Efficiency of Tourism
Sector in EU Mediterranean Coastal Regions: The
Effects of Seasonality and Spatiality on Demand.
REGION, 8(1), 135-152. doi: 10.18335/region.v8i1.318

Nicholls R. J., and Cazenave A. (2010). Sea-Level Rise and
Its Impact on Coastal Zones. Science, 328(5985),
1517-1520. doi: 10.1126/science.1185782

Oppenheimer M., Oreskes N., Jamieson D., Brysse K,
O'Reilly J., Shindell M., and Wazeck M. (2019).
Discerning experts: The practices of scientific
assessment for environmental policy. University of
Chicago Press.
doi: 10.7208/chicago/9780226602158.001.0001

Orli¢ M., Belugi¢ D., Janekovié¢ I., and Pasari¢ M. (2010).
Fresh evidence relating the great Adriatic surge of
21 June 1978 to mesoscale atmospheric forcing.
Journal of Geophysical Research, 115(C6), C06011.
doi: 10.1029/2009jc005777

Osipov S., Chowdhury S., Crowley J. N., Tadic I., Drewnick
F., Borrmann S., Eger P., Fachinger F., Fischer
H., Predybaylo E., Fnais M., Harder H., Pikridas
M., Vouterakos P., Pozzer A., Sciare J., Ukhov A.,
Stenchikov G. L., Williams J., and Lelieveld J.
(2022). Severe atmospheric pollution in the Middle
East is attributable to anthropogenic sources.
Communications Earth and Environment, 3(1), 1-10.
doi: 10.1038/543247-022-00514-6

Palatnik R. R., and Lourenco Dias Nunes P. A. (2015).
Economic valuation of climate change-induced
biodiversity impacts on agriculture: results from a
macro-economic application to the Mediterranean
basin. Journalof Environmental Economics and Policy,
4(1), 45-63. doi: 10.1080/21606544.2014.963165

Pancucci-Papadopoulou M. A., Raitsos D. E., and Corsini-
Foka M. (2012]). Biological invasions and climatic
warming: implications for south-eastern Aegean
ecosystem functioning. Journal of the Marine
Biological Association of the United Kingdom, 92(4),
777-789. doi: 10.1017/s0025315411000981

Papadopoulos G. A., Gracia E., Urgeles R., Sallares V., De
Martini P. M., Pantosti D., Gonzélez M., Yalciner A.
C., Mascle J., Sakellariou D., Salamon A., Tinti S.,
Karastathis V., Fokaefs A., Camerlenghi A., Novikova
T., and Papageorgiou A. (2014). Historical and pre-
historical tsunamis in the Mediterranean and its
connected seas: Geological signatures, generation
mechanisms and coastal impacts. Marine Geology,
354, 81-109. doi: 10.1016/j.marge0.2014.04.014

Papadopoulou M. P., Charchousi D., Tsoukala V. K,
Giannakopoulos C., and Petrakis M. (2016).
Water footprint assessment considering climate
change effects on future agricultural production
in Mediterranean region. Desalination and Water
Treatment, 57(5), 2232-2242.
doi: 10.1080/19443994.2015.1049408

Papagiannakis A., and Ntafos K. (2021). Impact Assessment
of Climate Change on Coastal Transport Systems in
the Greater Thessaloniki Area. In E. G. Nathanail,
G. Adamos, & I|. Karakikes (Eds.), Advances in
Mobility-as-a-Service Systems (Vol. 1278, pp. 751-
759). Springer International Publishing. http://link.
springer.com/10.1007/978-3-030-61075-3_73

Paprotny D., Morales-Napoles 0., Vousdoukas M. 1.,
Jonkman S. N., and Nikulin G. (2019). Accuracy of
pan-European coastal flood mapping. Journal of
Flood Risk Management, 12(2), e12459.
doi: 10.1111/jfr3.12459



https://doi.org/10.4000/books.irdeditions.22908
https://doi.org/10.1029/91gl00234
https://doi.org/10.1016/j.gloplacha.2020.103199
https://doi.org/10.1080/1479053x.2010.502384
http://www.israbat.ac.ma/?page_id=251%23Annee_2011_Numero_33
http://www.israbat.ac.ma/?page_id=251%23Annee_2011_Numero_33
https://doi.org/10.1016/j.ecss.2020.106726
https://medwet.org/wp-content/uploads/2018/10/MWO_2018_Technical-report.pdf
https://medwet.org/wp-content/uploads/2018/10/MWO_2018_Technical-report.pdf
https://doi.org/10.1016/j.marpolbul.2020.111510
https://doi.org/10.1016/j.envres.2022.114537
https://doi.org/10.1111/are.14609
https://doi.org/10.18335/region.v8i1.318
https://doi.org/10.1126/science.1185782
https://doi.org/10.7208/chicago/9780226602158.001.0001
https://doi.org/10.1029/2009jc005777
https://doi.org/10.1038/S43247-022-00514-6
https://doi.org/10.1080/21606544.2014.963165
https://doi.org/10.1017/s0025315411000981
https://doi.org/10.1016/j.margeo.2014.04.014
https://doi.org/10.1080/19443994.2015.1049408
http://link.springer.com/10.1007/978-3-030-61075-3_73
http://link.springer.com/10.1007/978-3-030-61075-3_73
https://doi.org/10.1111/jfr3.12459

Paprotny D., Sebastian A., Morales-Napoles 0., and
Jonkman S. N. (2018). Trends in flood losses
in Europe over the past 150 vyears. Nature
Communications, 9(1), 1985.
doi: 10.1038/s41467-018-04253-1

Paprotny D., Terefenko P., Giza A., Czaplinski P., and
Vousdoukas M. I. (2021). Future losses of ecosystem
services due to coastal erosion in Europe. Science of
The Total Environment, 760, 144310.
doi: 10.1016/j.scitotenv.2020.144310

Paprotny D., Vousdoukas M. I, Morales-Napoles O.,
Jonkman S. N., and Feyen L. (2020). Pan-European
hydrodynamic models and their ability to identify
compound floods. Natural Hazards, 101(3), 933-957.
doi: 10.1007/s11069-020-03902-3

Pardo-Pascual J. E., and Sanjaume E. (2019). Beaches
in Valencian Coast. In J. A. Morales (Ed.), The
Spanish Coastal Systems (pp. 209-236). Springer
International ~ Publishing.  http://link.springer.
com/10.1007/978-3-319-93169-2_10

Park I.-S., Woon Y., Chung K.-W., Lee G., Owen J. S., Kwon
W.-T., and Yun W.-T. (2014). In-depth Review of IPCC
5th Assessment Report. Journal of Korean Society
for Atmospheric Environment, 30(2), 188-200.
doi: 10.5572/kosae.2014.30.2.188

Pauly D. (2019). A précis of Gill-Oxygen Limitation Theory
(GOLT), with some Emphasis on the Eastern
Mediterranean. Mediterranean Marine Science,
20(4), 660-668. doi: 10.12681/mms.19285

Pedrotti M. L., Petit S., Elineau A., Bruzaud S., Crebassa J.-
C., Dumontet B., Marti E., Gorsky G., and Cézar A.
(2016). Changes in the Floating Plastic Pollution of
the Mediterranean Sea in Relation to the Distance
to Land. PLOS ONE, 11(8), e0161581.
doi: 10.1371/journal.pone.0161581

PeledY.,Zemah ShamirS., Shechter M., RahavE., and Israel
A. (2018). A new perspective on valuating marine
climate regulation: The Israeli Mediterranean
as a case study. Ecosystem Services, 29, 83-90.
doi: 10.1016/j.ecoser.2017.12.001

Perch-Nielsen S. L., Amelung B., and Knutti R. (2010].
Future climate resources for tourism in Europe
based on the daily Tourism Climatic Index. Climatic
Change, 103(3-4), 363-381.
doi: 10.1007/s10584-009-9772-2

Perennou C., Beltrame C., Guelmami A., Tomas Vives P.,
and Caessteker P. (2012). Existing areas and past
changes of wetland extent in the Mediterranean
region: an overview. Ecologia Mediterranea, 38(2),
53-66. doi: 10.3406/ecmed.2012.1316

Perini L., Calabrese L., Salerno G., Ciavola P., and Armaroli
C. (2016). Evaluation of coastal vulnerability to
flooding: comparison of two different methodologies
adopted by the Emilia-Romagna region (ltaly).
Natural Hazards and Earth System Sciences, 16(1),
181-194. doi: 10.5194/nhess-16-181-2016

Perry A. H. (2000). Impacts of Climate Change on Tourism
in the Mediterranean: Adaptive Responses. SSRN
Electronic Journal. doi: 10.2139/ssrn.235082

Impacts and risks

Petrucci 0., Papagiannaki K., Aceto L., Boissier L., Kotroni
V., Grimalt M., Llasat M. C., Llasat-Botija M.,
Rosselld J., Pasqua A. A., and Vinet F. (2019). MEFF:
The database of MEditerranean Flood Fatalities
(1980 to 2015). Journal of Flood Risk Management,
12(2), e12461. doi: 10.1111/jfr3.12461

Peyton J., Martinou A. F., Pescott O. L., Demetriou M.,
Adriaens T., Arianoutsou M., Bazos I., Bean C. W,
Booy 0., Botham M., Britton J. R., Cervia J. L.,
Charilaou P., Chartosia N., Dean H. J., Delipetrou
P., Dimitriou A. C., Dorflinger G., Fawcett J., ... Roy
H. E. (2019). Horizon scanning for invasive alien
species with the potential to threaten biodiversity
and human health on a Mediterranean island.
Biological Invasions, 21(6), 2107-2125.
doi: 10.1007/s10530-019-01961-7

Piscart C., Mermillod-Blondin F., Maazouzi C., Merigoux

S., and Marmonier P. (2011). Potential impact

of invasive amphipods on leaf litter recycling in

aquatic ecosystems. Biological Invasions, 13(12),

2861-2868. doi: 10.1007/S10530-011-9969-y

Bleu (2022). State of Play of Tourism in the

Mediterranean. Interreg Med Sustainable Tourism

Community  project.  https://planbleu.org/en/

publications/state-of-play-of-tourism-in-the-

mediterranean

Ponti L., Gutierrez A. P., Ruti P. M., and DellAquila A. (2014).
Fine-scale ecological and economic assessment of
climate change on olive in the Mediterranean Basin
reveals winners and losers. Proceedings of the
National Academy of Sciences, 111(15), 5598-5603.
doi: 10.1073/pnas.1314437111

Pool S., Francés F., Garcia-Prats A., Pulido-Velazquez
M., Sanchis-lbor C., Schirmer M., Yang H., and
Jiménez-Martinez J. (2021). From Flood to Drip
Irrigation Under Climate Change: Impacts on
Evapotranspiration and Groundwater Recharge
in the Mediterranean Region of Valencia (Spain).
Earth’s Future, 9(5). doi: 10.1029/2020ef001859

Prado P., Ibanez C., Chen L., and Caiola N. (2022). Feeding
Habits and Short-Term Mobility Patterns of Blue
Crab, Callinectes sapidus, Across Invaded Habitats
of the Ebro Delta Subjected to Contrasting Salinity.
Estuaries and Coasts, 45(3), 839-855.
doi: 10.1007/s12237-021-01004-2

Prado P., Pefias A., Ibafez C., Cabanes P, Jornet L., Alvarez
N., and Caiola N. (2020). Prey size and species
preferences in the invasive blue crab, Callinectes
sapidus: Potential effects in marine and freshwater
ecosystems. Estuarine, Coastal and Shelf Science,
245,106997. doi: 10.1016/].ecss.2020.106997

Pranzini E. (2018). Shore protection in Italy: From hard
to soft engineering ... and back. Ocean & Coastal
Management, 156, 43-57.
doi: 10.1016/j.ocecoaman.2017.04.018

Precali R., Giani M., Marini M., Grilli F., Ferrari C. R., Pecar
0., and Paschini E. (2005). Mucilaginous aggregates
in the northern Adriatic in the period 1999-2002:
Typology and distribution. Science of The Total
Environment, 353(1-3), 10-23.
doi: 10.1016/].scitotenv.2005.09.066

Plan



https://doi.org/10.1038/s41467-018-04253-1
https://doi.org/10.1016/j.scitotenv.2020.144310
https://doi.org/10.1007/s11069-020-03902-3
http://link.springer.com/10.1007/978-3-319-93169-2_10
http://link.springer.com/10.1007/978-3-319-93169-2_10
https://doi.org/10.5572/kosae.2014.30.2.188
https://doi.org/10.12681/mms.19285
https://doi.org/10.1371/journal.pone.0161581
https://doi.org/10.1016/j.ecoser.2017.12.001
https://doi.org/10.1007/s10584-009-9772-2
https://doi.org/10.3406/ecmed.2012.1316
https://doi.org/10.5194/nhess-16-181-2016
https://doi.org/10.2139/ssrn.235082
https://doi.org/10.1111/jfr3.12461
https://doi.org/10.1007/s10530-019-01961-7
https://doi.org/10.1007/S10530-011-9969-y
https://planbleu.org/en/publications/state-of-play-of-tourism-in-the-mediterranean
https://planbleu.org/en/publications/state-of-play-of-tourism-in-the-mediterranean
https://planbleu.org/en/publications/state-of-play-of-tourism-in-the-mediterranean
https://doi.org/10.1073/pnas.1314437111
https://doi.org/10.1029/2020ef001859
https://doi.org/10.1007/s12237-021-01004-2
https://doi.org/10.1016/j.ecss.2020.106997
https://doi.org/10.1016/j.ocecoaman.2017.04.018
https://doi.org/10.1016/j.scitotenv.2005.09.066

Przeslawski R., Byrne M., and Mellin C. (2015). A review
and meta-analysis of the effects of multiple abiotic
stressors on marine embryos and larvae. Global
Change Biology, 21(6), 2122-2140.
doi: 10.1111/gcb.12833

Pulido-Velazquez D., Renau-Prunonosa A., Llopis-Albert
C., Morell I., Collados-Lara A.-J., Senent-Aparicio
J.,and Baena-Ruiz L.(2018). Integrated assessment
of future potential global change scenarios and
their hydrological impacts in coastal aquifers - a
new tool to analyse management alternatives in
the Plana Oropesa-Torreblanca aquifer. Hydrology
and Earth System Sciences, 22(5), 3053-3074.
doi: 10.5194/hess-22-3053-2018

Pulighe G., Lupia F., Chen H., and Yin H. (2021). Modeling
Climate Change Impacts on Water Balance of a
Mediterranean Watershed Using SWAT+. Hydrology,
8(4), 157. doi: 10.3390/hydrology8040157

Purcell J. E. (2012). Jellyfish and Ctenophore Blooms
Coincide  with  Human Proliferations and
Environmental Perturbations. Annual Review of
Marine Science, 4(1), 209-235.
doi: 10.1146/annurev-marine-120709-142751

Pyrgou A., and Santamouris M. (2018). Increasing
Probability of Heat-Related Mortality in a
Mediterranean City Due to Urban Warming.
International Journal of Environmental Research and
Public Health 2018, Vol. 15, Page 1571, 15(8), 1571.
doi: 10.3390/ijerph15081571

Rainbow P. S. (2002). Trace metal concentrations in aquatic
invertebrates: why and so what? Environmental
Pollution, 120(3), 497-507.
doi: 10.1016/s0269-7491(02)00238-5

Ramajo L., Lagos N. A,, and Duarte C. M. (2019). Seagrass
Posidonia oceanica diel pH fluctuations reduce the
mortality of epiphytic forams under experimental
ocean acidification. Marine Pollution Bulletin, 146,
247-254. doi: 10.1016/j.marpolbul.2019.06.011

Ramirez-Cuesta J. M., Rodriguez-Santalla I., Gracia F. J.,
Sanchez-Garcia M. J., and Barrio-Parra F. (2016).
Application of change detection techniques in
geomorphological evolution of coastal areas.
Example: Mouth of the River Ebro (period 1957-
2013). Applied Geography, 75, 12-27.
doi: 10.1016/j.apge0g.2016.07.015

Ranasinghe R.(2016). Assessing climate change impacts on
open sandy coasts: A review. Earth-Science Reviews,
160, 320-332. doi: 10.1016/j.earscirev.2016.07.011

Ranasinghe R., Callaghan D., and Stive M. J. F. (2012).
Estimating coastal recession due to sea level rise:
beyond the Bruun rule. Climatic Change, 110(3-4),
561-574. doi: 10.1007/510584-011-0107-8

Rani R., Sharma P.,, Kumar R., and Hajam Y. A. (2022).
Effects of heavy metals and pesticides on fish.
Bacterial Fish Diseases, 59-86.
doi: 10.1016/B978-0-323-85624-9.00016-6

Refaat M. M., and Eldeberky Y. (2016). Assessment of
Coastal Inundation due to Sea-Level Rise along the
Mediterranean Coast of Egypt. Marine Geodesy, 39(3-
4), 290-304. doi: 10.1080/01490419.2016.1189471

Reimann L., Jones B., Bieker N., Wolff C., Aerts J. C. J.
H., and Vafeidis A. T. (2023). Exploring spatial
feedbacks between adaptation policies and internal
migration patterns due to sea-level rise. Nature
Communications 2023 14:1, 14(1), 1-14.
doi: 10.1038/s41467-023-38278-y

Reimann L., Merkens J. L., and Vafeidis A. T. (2018).
Regionalized Shared Socioeconomic Pathways:
narratives and spatial population projections
for the Mediterranean coastal zone. Regional
Environmental Change, 18(1).
doi: 10.1007/s10113-017-1189-2

Reimann L., Vafeidis A. T., Brown S., Hinkel J., and Tol R. S.
J. (2018). Mediterranean UNESCO World Heritage
at risk from coastal flooding and erosion due to
sea-level rise. Nature Communications, 9(1).
doi: 10.1038/s41467-018-06645-9

Renau-Prunonosa A., Morell I, and Pulido-Velazquez
D. (2016). A Methodology to Analyse and Assess
Pumping Management Strategies in Coastal
Aquifers to Avoid Degradation Due to Seawater
Intrusion Problems. Water Resources Management,
30(13), 4823-4837. doi: 10.1007/s11269-016-1455-y

Reyes F., Gosme M., Wolz K. J., Lecomte I., and Dupraz
C. (2021). Alley cropping mitigates the impacts of
climate change on a wheat crop in a mediterra-
nean environment: A biophysical model-based
assessment. Agriculture (Switzerland], 11(4), 356.
doi: 10.3390/agriculture11040356/s1

Riccaboni A., Antonelli M., and Stanghellini G. (2022).
Partnership for Research and Innovation in the
Mediterranean Area and the Promotion of a
Nexus Approach. In L. Cavalli & S. Vergalli (Eds.],
Connecting the Sustainable Development Goals: The
WEF Nexus (pp. 13-19). Springer International
Publishing. https://link.springer.com/10.1007/978-
3-031-01336-2_2

Richir, J., and Gobert, S. (2016). Trace Elements in Marine
Environments : Occurrence, Threats and Monitoring
with Special Focus on the Costal Mediterranean. Journal
of Environmental and Analytical Toxicology, 6:1(01). doi:
10.4172/2161-0525.1000349

Rick T., Ontiveros M. A. C., Jerardino A., Mariotti A., Méndez
C.,and Williams A. N. (2020). Human-environmental
interactions in Mediterranean climate regions from
the Pleistocene to the Anthropocene. Anthropocene,
31,100253. doi: 10.1016/j.ancene.2020.100253

Ridgway J., and Shimmield G. (2002). Estuaries as
Repositories of Historical Contamination and their
Impact on Shelf Seas. Estuarine, Coastal and Shelf
Science, 55(6), 903-928. doi: 10.1006/ecss.2002.1035

Rilov G., Peleg 0., and Guy-Haim T. (2019). The
Restructuring of Levant Reefs by Aliens, Ocean
Warming and Overfishing. In S. J. Hawkins, K. Bohn,
L. B. Firth, & G. A. Williams (Eds.), Interactions in
the Marine Benthos: Global Patterns and Processes
(pp. 214-236). Cambridge University Press. doi:
10.1017/9781108235792.010

Rinaldi A., Vollenweider R. A., Montanari G., Ferrari C. R,
and Ghetti A. (1995). Mucilages in ltalian seas: the
Adriatic and Tyrrhenian Seas, 1988-1991. Science of
The Total Environment, 165(1-3), 165-183.
doi: 10.1016/0048-9697(95)04550-K



https://doi.org/10.1111/gcb.12833
https://doi.org/10.5194/hess-22-3053-2018
https://doi.org/10.3390/hydrology8040157
https://doi.org/10.1146/annurev-marine-120709-142751
https://doi.org/10.3390/ijerph15081571
https://doi.org/10.1016/s0269-7491(02)00238-5
https://doi.org/10.1016/j.marpolbul.2019.06.011
https://doi.org/10.1016/j.apgeog.2016.07.015
https://doi.org/10.1016/j.earscirev.2016.07.011
https://doi.org/10.1007/s10584-011-0107-8
https://doi.org/10.1016/B978-0-323-85624-9.00016-6
https://doi.org/10.1080/01490419.2016.1189471
https://doi.org/10.1038/s41467-023-38278-y
https://doi.org/10.1007/s10113-017-1189-2
https://doi.org/10.1038/s41467-018-06645-9
https://doi.org/10.1007/s11269-016-1455-y
https://doi.org/10.3390/agriculture11040356/s1
https://link.springer.com/10.1007/978-3-031-01336-2_2
https://link.springer.com/10.1007/978-3-031-01336-2_2
https://doi.org/10.4172/2161-0525.1000349
https://doi.org/10.1016/j.ancene.2020.100253
https://doi.org/10.1006/ecss.2002.1035
https://doi.org/10.1017/9781108235792.010
https://doi.org/10.1016/0048-9697(95)04550-K

Rivettil., FraschettiS., Lionello P.,,Zambianchi E.,and Boero
F. (2014). Global Warming and Mass Mortalities of
Benthic Invertebrates in the Mediterranean Sea.
PLOS ONE, 9(12), e115655.
doi: 10.1371/journal.pone.0115655

Rizzetto F. (2020). Effects of Climate Change on the
Morphological Stability of the Mediterranean
Coasts: Consequences for Tourism. Climate Change
Management, 761-775.
doi: 10.1007/978-3-030-37425-9 38

Rizzo A., Vandelli V., Gauci C., Buhagiar G., Micallef A.
S., and Soldati M. (2022). Potential Sea Level
Rise Inundation in the Mediterranean: From
Susceptibility Assessment to Risk Scenarios for
Policy Action. Water, 14(3), 416.
doi: 10.3390/w14030416

Rodella I., Corbau C., Simeoni U., and Utizi K. (2017).
Assessment of the relationship between
geomorphological evolution, carrying capacity and
users’ perception: Case studies in Emilia-Romagna
(Italy). Tourism Management, 59, 7-22.
doi: 10.1016/j.tourman.2016.07.009

Rodrigo-Comino J., Salvia R., Quaranta G., Cudlin P,
Salvati L., and Gimenez-Morera A. (2021). Climate
Aridity and the Geographical Shift of Olive Trees in
a Mediterranean Northern Region. Climate, 9(4), 64.
https://doi.org/10.3390/cli?040064

Rodrigues L. C., van den Bergh J. C. J. M., and Ghermandi
A. (2013). Socio-economic impacts of ocean
acidificationinthe Mediterranean Sea. Marine Policy,
38, 447-456. doi: 10.1016/j.marpol.2012.07.005

Rodriguez-Santalla I., and Navarro N. (2021). Main Threats
in Mediterranean Coastal Wetlands. The Ebro Delta
Case. Journal of Marine Science and Engineering,
9(11), 1190. doi: 10.3390/jmse9111190

Roebeling P. C., Costa L., Magalhaes-Filho L., and Tekken
V. (2013]). Ecosystem service value losses from
coastal erosion in Europe: Historical trends and
future projections. Journal of Coastal Conservation,
17(3), 389-395. doi: 10.1007/s11852-013-0235-6

Rosa R., Marques A., and Nunes M. L. (2012]). Impact of
climate change in Mediterranean aquaculture.
Reviews in Aquaculture, 4(3), 163-177.
doi: 10.1111/J.1753-5131.2012.01071.x

Rosa R.,MarquesA., and Nunes M. L. (2014). Mediterranean
Aquaculture in a Changing Climate. In S. Goffredo &
Z. Dubinsky (Eds.), The Mediterranean Sea (pp. 605-
616). Springer Netherlands. https://link.springer.
com/10.1007/978-94-007-6704-1_37

Rosenthal E., Vinokurov A., Ronen D., Magaritz M., and
Moshkovitz S. (1992). Anthropogenically induced
salinization of groundwater: A case study from
the Coastal Plain aquifer of Israel. Journal of
Contaminant Hydrology, 11(1-2), 149-171.
doi: 10.1016/0169-7722(92)90038-g

Roukounis C. N., and Tsihrintzis V. A. (2022). Indices of
Coastal Vulnerability to Climate Change: a Review.
Environmental Processes, 9(2), 1-25.
doi: 10.1007/S40710-022-00577-9

Impacts and risks

Rovira J., Domingo J. L., and Schuhmacher M. (2020). Air
quality, health impacts and burden of disease due to
air pollution (PM10, PM2.5, NO2 and 03): Application
of AirQ+ model to the Camp de Tarragona County
(Catalonia, Spain). Science of The Total Environment,
703, 135538. doi: 10.1016/].scitotenv.2019.135538

Roy H. E., Hesketh H., Purse B. V., Eilenberg J., Santini A,
Scalera R., Stentiford G. D., Adriaens T., Bacela-
Spychalska K., Bass D., Beckmann K. M., Bessell
P., Bojko J., Booy O., Cardoso A. C., Essl F., Groom
Q., Harrower C., Kleespies R., ... Dunn A. M. (2017).
Alien Pathogens on the Horizon: Opportunities for
Predicting their Threat to Wildlife. Conservation
Letters, 10(4), 477-484. doi: 10.1111/conl.12297

Rutty M., and Scott D. (2010). Will the Mediterranean
Become “Too Hot” for Tourism? A Reassessment.
Tourism and Hospitality Planning & Development,
7(3), 267-281. doi: 10.1080/1479053x2010.502386

Sabatier F., and Suanez S. (2003). Evolution of the Rhéne
delta coast since the end of the 19th century /
Cinématique du littoral du delta du Rhone depuis la
fin du XIXe siecle. Géomorphologie relief processus
environnement, 9(4), 283-300.
doi: 10.3406/morf0.2003.1191

Saber M., Abdrabo K. I., Habiba 0. M., Kantosh S. A., and
Sumi T. (2020). Impacts of Triple Factors on Flash
Flood Vulnerability in Egypt: Urban Growth, Extreme
Climate, and Mismanagement. Geosciences 2020,
Vol. 10, Page 24, 10(1), 24.
doi: 10.3390/geosciences10010024

Sadutto D., Andreu V., Ilo T., Akkanen J., and Picé Y. (2021).
Pharmaceuticals and personal care products
in a Mediterranean coastal wetland: Impact of
anthropogenicandspatialfactorsandenvironmental
risk assessment. Environmental Pollution, 271,
116353. doi: 10.1016/j.envpol.2020.116353

Salomidi M., Katsanevakis S., Borja A., Braeckman U.,
Damalas D., Galparsoro I., Mifsud R., Mirto S,
Pascual M., Pipitone C., Rabaut M., Todorova
V., Vassilopoulou V., and Fernandez T. V. (2012).
Assessment of goods and services, vulnerability,
and conservation status of European seabed
biotopes: a stepping stone towards ecosystem-
based marine spatial management. Mediterranean
Marine Science, 13(1), 49-88. doi: 10.12681/mms.23

Sanchez-Arcilla A., Mdsso C., Sierra J. P., Mestres
M., Harzallah A., Senouci M., and El Raey M.
(2011). Climatic drivers of potential hazards in
Mediterranean coasts. Regional Environmental
Change, 11(3), 617-636.
doi: 10.1007/s10113-010-0193-6

Sanchez-Arcilla A., Sierra J. P, Brown S., Casas-Prat M.,
Nicholls R. J., Lionello P., and Conte D. (2016]). A
review of potential physical impacts on harbours
in the Mediterranean Sea under climate change.
Regional Environmental Change, 16(8), 2471-2484.
doi: 10.1007/s10113-016-0972-9

Santilldn D., Garrote L., Iglesias A., and Sotes V. (2020).
Climate change risks and adaptation: new
indicators for Mediterranean viticulture. Mitigation
and Adaptation Strategies for Global Change, 255,
881-899. doi: 10.1007/s11027-019-09899-w



https://doi.org/10.1371/journal.pone.0115655
https://doi.org/10.1007/978-3-030-37425-9_38
https://doi.org/10.3390/w14030416
https://doi.org/10.1016/j.tourman.2016.07.009
https://doi.org/10.3390/cli9040064
https://doi.org/10.1016/j.marpol.2012.07.005
https://doi.org/10.3390/jmse9111190
https://doi.org/10.1007/s11852-013-0235-6
https://doi.org/10.1111/J.1753-5131.2012.01071.x
https://link.springer.com/10.1007/978-94-007-6704-1_37
https://link.springer.com/10.1007/978-94-007-6704-1_37
https://doi.org/10.1016/0169-7722(92)90038-g
https://doi.org/10.1007/S40710-022-00577-9
https://doi.org/10.1016/j.scitotenv.2019.135538
https://doi.org/10.1111/conl.12297
https://doi.org/10.1080/1479053x2010.502386
https://doi.org/10.3406/morfo.2003.1191
https://doi.org/10.3390/geosciences10010024
https://doi.org/10.1016/j.envpol.2020.116353
https://doi.org/10.12681/mms.23
https://doi.org/10.1007/s10113-010-0193-6
https://doi.org/10.1007/s10113-016-0972-9
https://doi.org/10.1007/s11027-019-09899-w

Sanuy M., Rigo T,, Jiménez J. A., and Llasat M. C. (2021).
Classifying compound coastal storm and heavy
rainfall events in the north-western Spanish
Mediterranean. Hydrology and Earth System
Sciences, 25(6), 3759-3781.
doi: 10.5194/hess-25-3759-2021

Sarkar N., Rizzo A., Vandelli V., and Soldati M. (2022). A
Literature Review of Climate-Related Coastal Risks
in the Mediterranean, a Climate Change Hotspot.
Sustainability [Switzerland), 14(23), 15994.
doi: 10.3390/su142315994

Sarsour A., and Nagabhatla N. (2022). Options and
Strategies for Planning Water and Climate Security
in the Occupied Palestinian Territories. Water,
14(21), 3418. doi: 10.3390/w14213418

Sartini L., Besio G., and Cassola F. (2017). Spatio-
temporal modelling of extreme wave heights in the
Mediterranean Sea. Ocean Modelling, 117, 52-69.
doi: 10.1016/j.0cemod.2017.07.001

Satta A., Puddu M., Venturini S., and Giupponi C. (2017).
Assessment of coastal risks to climate change
related impacts at the regional scale: The case of
the Mediterranean region. International Journal of
Disaster Risk Reduction, 24(June), 284-296.
doi: 10.1016/].ijdrr.2017.06.018

Savun-Heki-Moglu B., Erbay B., Burak Z. S., and Gazi-0glu
C.(2021). AComparative MCDM Analysis of Potential
Short-Term Measures for Dealing with Mucilage
Problem in the Sea of Marmara. International
Journal of Environment and Geoinformatics, 8(4),
572-580. doi: 10.30897/ijegeo.1026107

Schuyler Q. A., Wilcox C., Townsend K. A., Wedemeyer-
Strombel K. R., Balazs G., Van Sebille E., and
Hardesty B. D. (2016). Risk analysis reveals global
hotspots for marine debris ingestion by sea turtles.
Global Change Biology, 22(2), 567-576.
doi: 10.1111/gch.13078

Scicchitano G., Scardino G., Monaco C., Piscitelli A.,
Milella M., De Giosa F., and Mastronuzzi G. (2021).
Comparing impact effects of common storms and
Medicanes along the coast of south-eastern Sicily.
Marine Geology, 439, 106556.
doi: 10.1016/j.marge0.2021.106556

Sedrati M., and Anthony E. J. (2007). A brief overview of
plan-shape disequilibrium in embayed beaches:
Tangier bay (Morocco). Méditerranée, 108, 125-130.
doi: 10.4000/mediterranee.190

Seetanah B., and Fauzel S. (2019). Investigating the impact
of climate change on the tourism sector: evidence
from a sample of island economies. Tourism Review,
74(2), 223-232. doi: 10.1108/tr-12-2017-0204

Sefelnasr A., and Sherif M. (2014). Impacts of Seawater
Rise on Seawater Intrusion in the Nile Delta Aquifer,
Egypt. Groundwater, 52(2), 264-276.
doi: 10.1111/gwat.12058

éepié J., Rabinovich A. B., and Sytov V. N. (2018a). Odessa
Tsunami of 27 June 2014: Observations and
Numerical Modelling. Pure and Applied Geophysics,
175(4), 1545-1572. doi: 10.1007/s00024-017-1729-1

Sepi¢ J., Vilibi¢ 1., and Monserrat S. (2016). Quantifying
the probability of meteotsunami occurrence
from synoptic atmospheric patterns. Geophysical
Research Letters, 43(19). doi: 10.1002/20169l070754

éepic’ J., Vilibi¢ 1., Rabinovich A., and Tinti S. (2018b).
Meteotsunami (“Marrobbio”) of 25-26 June 2014
on the Southwestern Coast of Sicily, Italy. Pure and
Applied Geophysics, 175(4), 1573-1593.
doi: 10.1007/s00024-018-1827-8

Sharaan M., and Udo K. (2020). Projections of future beach
loss along the mediterranean coastline of Egypt
due to sea-level rise. Applied Ocean Research, 94,
101972. doi: 10.1016/j.apor.2019.101972

Sierra J. P., Casanovas |., Mosso C., Mestres M., and
Sanchez-Arcilla A. (2016). Vulnerability of Catalan
(NW Mediterranean) ports to wave overtopping due
to different scenarios of sea level rise. Regional
Environmental Change, 16(5), 1457-1468.
doi: 10.1007/s10113-015-0879-x

Silva J., Sharon Y. Santos R., and Beer S. (2009).
Measuring seagrass photosynthesis: methods and
applications. Aquatic Biology, 7, 127-141.
doi: 10.3354/ab00173

Sinclair M., and Valdimarsson G. (2001). Responsible
Fisheries in the Marine Ecosystem. In M. Sinclair
& G. Valdimarsson (Eds.), Reikjavik: Conference on
Responsible Fisheries in the Marine Ecosystem. CABI
Publishing, 426 pp. doi: 10.1016/].ress.2008.10.011

Snoussi M., NiaziS., Khouakhi A., and Raji 0. (2010). Climate
change and sea level rise: a GIS-based vulnerability
and impact assessement, the case of the Moroccan
coast. In M. Maanan & M. Robin (Eds.), Geomatic
Solutions For Coastal Environments . Nova Science
Publishers, Inc. https://novapublishers.com/shop/
geomatic-solutions-for-coastal-environments/

Snoussi M., Ouchani T., Khouakhi A., and Niang-Diop |I.
(2009). Impacts of sea-level rise on the Moroccan
coastal zone: Quantifying coastal erosion and
flooding in the Tangier Bay. Geomorphology, 107(1-
2], 32-40. doi: 10.1016/j.geomorph.2006.07.043

Snoussi M., Ouchani T., and Niazi S. (2008). Vulnerability
assessment of the impact of sea-level rise and
flooding on the Moroccan coast: The case of the
Mediterranean eastern zone. Estuarine, Coastal and
Shelf Science, 77(2), 206-213.
doi: 10.1016/j.ecss.2007.09.024

Sola F., Vallejos A., Moreno L., Lopez Geta J. A., and Pulido
Bosch A. (2013). Identification of hydrogeochemical
process linked to marine intrusion induced by
pumping of a semiconfined mediterranean coastal
aquifer. International Journal of Environmental
Science and Technology, 10(1), 63-76.
doi: 10.1007/s13762-012-0087-x

Spezzano P. (2021). Mapping the susceptibility of UNESCO
World Cultural Heritage sites in Europe to ambient
(outdoor) air pollution. Science of The Total
Environment, 754, 142345.
doi: 10.1016/].scitotenv.2020.142345

Stavrakidis-Zachou 0., Lika K., Anastasiadis P., and
Papandroulakis N. (2021). Projecting climate
change impacts on Mediterranean finfish

production: a case study in Greece. Climatic Change,
165(3-4), 1-18. doi: 10.1007/510584-021-03096-y



https://doi.org/10.5194/hess-25-3759-2021
https://doi.org/10.3390/su142315994
https://doi.org/10.3390/w14213418
https://doi.org/10.1016/j.ocemod.2017.07.001
https://doi.org/10.1016/j.ijdrr.2017.06.018
https://doi.org/10.30897/ijegeo.1026107
https://doi.org/10.1111/gcb.13078
https://doi.org/10.1016/j.margeo.2021.106556
https://doi.org/10.4000/mediterranee.190
https://doi.org/10.1108/tr-12-2017-0204
https://doi.org/10.1111/gwat.12058
https://doi.org/10.1007/s00024-017-1729-1
https://doi.org/10.1002/2016gl070754
https://doi.org/10.1007/s00024-018-1827-8
https://doi.org/10.1016/j.apor.2019.101972
https://doi.org/10.1007/s10113-015-0879-x
https://doi.org/10.3354/ab00173
https://doi.org/10.1016/j.ress.2008.10.011
https://novapublishers.com/shop/geomatic-solutions-for-coastal-environments/
https://novapublishers.com/shop/geomatic-solutions-for-coastal-environments/
https://doi.org/10.1016/j.geomorph.2006.07.043
https://doi.org/10.1016/j.ecss.2007.09.024
https://doi.org/10.1007/s13762-012-0087-x
https://doi.org/10.1016/j.scitotenv.2020.142345
https://doi.org/10.1007/s10584-021-03096-y

Stergiou K. I., Somarakis S., Triantafyllou G., Tsiaras
K. P., Giannoulaki M., Petihakis G., Machias A.,
and Tsikliras A. C. (2016). Trends in productivity
and biomass yields in the Mediterranean Sea
Large Marine Ecosystem during climate change.
Environmental Development, 17, 57-74.
doi: 10.1016/j.envdev.2015.09.001

Stratigea A., Leka A., and Nicolaides C. (2017). Small and
Medium-Sized Cities and Insular Communities in the
Mediterranean: Coping with Sustainability Challenges
in the Smart City Context. 3-29.
doi: 10.1007/978-3-319-54558-5 1

Syvitski J., Angel J. R., Saito Y., Overeem |., Vorosmarty C.
J., Wang H., and Olago D. (2022). Earth’s sediment
cycle during the Anthropocene. Nature Reviews
Earth & Environment, 3(3), 179-196.
doi: 10.1038/s43017-021-00253-w

SyvitskiJ. P. M., Vorésmarty C. J., Kettner A. J.,and Green P.
(2005). Impact of Humans on the Flux of Terrestrial
Sediment to the Global Coastal Ocean. Science,
308(5720), 376-380. doi: 10.1126/science.1109454

Taylor M. L., Gwinnett C., Robinson L. F., and Woodall L.
C. (2016). Plastic microfibre ingestion by deep-sea
organisms. Scientific Reports, 6(1), 33997.
doi: 10.1038/srep33997

Taylor N. G., Grillas P., Al Hreisha H., Balkiz 0., Borie M.,
Boutron 0., Catita A., Champagnon J., Cherif S,
Cicek K., Costa L. T., Dakki M., Fois M., Galewski
T., Galli A., Georgiadis N. M., Green A. J., Hermoso
V., Kapedani R., ... Sutherland W. J. (2021). The
future for Mediterranean wetlands: 50 key issues
and 50 important conservation research questions.
Regional Environmental Change, 21(2), 33.
doi: 10.1007/s10113-020-01743-1

TemmermanS., Horstman E. M., Krauss K. W., Mullarney J.
C., Pelckmans I., and Schoutens K. (2023). Marshes
and Mangroves as Nature-Based Coastal Storm
Buffers. Annual Review of Marine Science, 15(1), 95-
118. doi: 10.1146/annurev-marine-040422-092951

Temmerman S., Moonen P., Schoelynck J., Govers G., and
Bouma T. J. (2012). Impact of vegetation die-off on
spatial flow patterns over a tidal marsh. Geophysical
Research Letters, 39(3). doi: 10.1029/20119l050502

Terefenko P., Giza A., Paprotny D., Kubicki A., and Winowski
M. (2018a). Cliff Retreat Induced by Series of
Storms at Miedzyzdroje (Poland). Journal of Coastal
Research, 85, 181-185. doi: 10.2112/S185-037.1

Terefenko P., Paprotny D., Giza A., Morales-Napoles O.,
Kubicki A., and Walczakiewicz S. (2019). Monitoring
Cliff Erosion with LiDAR Surveys and Bayesian
Network-based Data Analysis. Remote Sensing,
11(7), 843. doi: 10.3390/rs11070843

Terefenko P., Zelaya Wziatek D., Dalyot S., Boski T., and
Pinheiro Lima-Filho F. (2018b). A High-Precision
LiDAR-Based Method for Surveying and Classifying
Coastal Notches. ISPRS International Journal of Geo-
Information, 7(8), 295. doi: 10.3390/ijgi7080295

Thiéblemont R., Le Cozannet G., Toimil A., Meyssignac
B., and Losada I. J. (2019). Likely and High-
End Impacts of Regional Sea-Level Rise on the
Shoreline Change of European Sandy Coasts Under
a High Greenhouse Gas Emissions Scenario. Water,
11(12]), 2607. doi: 10.3390/w11122607

Impacts and risks

Toimil A., Camus P., Losada I. J., Le Cozannet G., Nicholls
R. J., Idier D., and Maspataud A. (2020). Climate
change-driven coastal erosion modelling in
temperate sandy beaches: Methods and uncertainty
treatment. Earth-Science Reviews, 202, 103110.
doi: 10.1016/j.earscirev.2020.103110

Toomey T., Amores A., Marcos M., Orfila A., and Romero R.
(2022). Coastal Hazards of Tropical-Like Cyclones
Over the Mediterranean Sea. Journal of Geophysical
Research: Oceans, 127(2). doi: 10.1029/2021jc017964

Torresan S., Critto A., Rizzi J., and Marcomini A. (2012).
Assessment of coastal vulnerability to climate
change hazards at the regional scale: The case
study of the North Adriatic Sea. Natural Hazards and
Earth System Science, 12(7), 2347-2368.
doi: 10.5194/nhess-12-2347-2012

Toth E., Bragalli C., and Neri M. (2018). Assessing the
significance of tourism and climate on residential
water demand: Panel-data analysis and non-
linear modelling of monthly water consumptions.
Environmental Modelling and Software, 103.
doi: 10.1016/j.envsoft.2018.01.011

Tramblay Y., Llasat M. C., Randin C., and Coppola E. (2020).
Climate change impacts on water resources in the
Mediterranean. Regional Environmental Change,
20(3), 83, 510113-020-01665-y.
doi: 10.1007/s10113-020-01665-y

Tramblay Y., Mimeau L., Neppel L., Vinet F., and Sauquet E.
(2019). Detection and attribution of flood trends in
Mediterranean basins. Hydrology and Earth System
Sciences, 23(11), 4419-4431.
doi: 10.5194/hess-23-4419-2019

Tramblay Y., and Somot S. (2018). Future evolution of
extreme precipitation in the Mediterranean.
Climatic Change, 151(2), 289-302.
doi: 10.1007/s10584-018-2300-5

Treppiedi D., Cipolla G., and Noto L. V. (2023). Convective
precipitation over a Mediterranean area: From
identification to trend analysis starting from high-
resolution rain gauges data. International Journal of
Climatology, 43(1), 293-313. doi: 10.1002/joc.7758

Tsikliras A. C., Dinouli A., and Tsalkou E. (2013). Exploita-
tion trends of the Mediterranean and Black Sea
fisheries. Acta Adriatica, 54(2), 273-282.
https://hrcak.srce.hr/117688

Tsikliras A. C., Dinouli A., Tsiros V. Z., and Tsalkou E. (2015).
The Mediterranean and Black Sea Fisheries at Risk
from Overexploitation. PLoS ONE, 10(3), e0121188.
doi: 10.1371/journal.pone.0121188

Tsikliras A. C., and Stergiou K. I. (2014). Mean temperature
of the catch increases quickly in the Mediterranean
Sea. Marine Ecology Progress Series, 515, 281-284.
doi: 10.3354/meps11005

Tsirintanis K., Azzurro E., Crocetta F., Dimiza M., Froglia C.,
Gerovasileiou V., Langeneck J., Mancinelli G., Rosso
A., and Stern N. (2022]. Bioinvasion impacts on
biodiversity, ecosystem services, and human health
in the Mediterranean Sea. Aquatic Invasions, 17(3),
308-352. doi: 10.3391/ai.2022.17.3.01



https://doi.org/10.1016/j.envdev.2015.09.001
https://doi.org/10.1007/978-3-319-54558-5_1
https://doi.org/10.1038/s43017-021-00253-w
https://doi.org/10.1126/science.1109454
https://doi.org/10.1038/srep33997
https://doi.org/10.1007/s10113-020-01743-1
https://doi.org/10.1146/annurev-marine-040422-092951
https://doi.org/10.1029/2011gl050502
https://doi.org/10.2112/SI85-037.1
https://doi.org/10.3390/rs11070843
https://doi.org/10.3390/ijgi7080295
https://doi.org/10.3390/w11122607
https://doi.org/10.1016/j.earscirev.2020.103110
https://doi.org/10.1029/2021jc017964
https://doi.org/10.5194/nhess-12-2347-2012
https://doi.org/10.1016/j.envsoft.2018.01.011
https://doi.org/10.1007/s10113-020-01665-y
https://doi.org/10.5194/hess-23-4419-2019
https://doi.org/10.1007/s10584-018-2300-5
https://doi.org/10.1002/joc.7758
https://hrcak.srce.hr/117688
https://doi.org/10.1371/journal.pone.0121188
https://doi.org/10.3354/meps11005
https://doi.org/10.3391/ai.2022.17.3.01

Tsoukala V. K., Katsardi V., Hadjibiros K., and Moutzouris C.
. (2015). Beach Erosion and Consequential Impacts
Due to the Presence of Harbours in Sandy Beaches
in Greece and Cyprus. Environmental Processes,
2(S1), 55-71. doi: 10.1007/s40710-015-0096-0

TuelA., and Eltahir E. A. B. (2020). Why |s the Mediterranean
a Climate Change Hot Spot? Journal of Climate,
33(14), 5829-5843. doi: 10.1175/jcli-d-19-0910.1

Ulker D., and Baltaoglu S. (2018). Ship born oil pollution in

Turkish straits sea area and MARPOL 73/78. 0il Spill

along the Turkish Straits, 363.

D., Burak S., Balas L., and Caglar N. (2022).

Mathematical modelling of oil spill weathering

processes for contingency planning in Izmit

Bay. Regional Studies in Marine Science, 50.

doi: 10.1016/j.rsma.2021.102155

Unal V., and Gonciioglu Bodur H. (2017). The socio-
economic impacts of the silver-cheeked toadfish on
small-scale fishers: A comparative study from the
Turkish coast. Su Uriinleri Dergisi, 34(2), 119-127.
doi: 10.12714/egejfas.2017.34.2.01

UNEP/MAP (1991). Jellyfish blooms in the Mediterranean.
Proceedings of the 2nd Workshop on Jellyfish in the
Mediterranean Sea. UNEP/MAP. https://wedocs.
unep.org/xmlui/handle/20.500.11822/425

UNEP/MAP (2016). Mediterranean Strategy for Sustainable
Development 2016-2025. Valbonne. Plan Bleu,
Regional Activity Centre. https://wedocs.unep.
org/bitstream/handle/20.500.11822/7097/
mssd_2016_2025_eng.pdf

UNEP/MAP (2023). Mediterranean Quality Status Report:
The state of the Mediterranean Sea and Coast from
2018-2023.  Athens.  https://wedocs.unep.org/
handle/20.500.11822/46733

UNEP/MAP, and PAP/RAC (2008). Protocol on Integrated
Coastal Zone Management in the Mediterranean.
UNEP/MAP/RAC-PAP.  https://wedocs.unep.org/
xmlui/handle/20.500.11822/1747

UNEP/MAP, and Plan Bleu (2020). State of the Environment
and Development in the Mediterranean. Nairobi.
https://planbleu.org/wp-content/uploads/2021/04/
SoED_full-report.pdf

Vacchi M., Joyse K. M., Kopp R. E., Marriner N., Kaniewski
D.,and Rovere A. (2021). Climate pacing of millennial
sea-level change variability in the central and
western Mediterranean. Nature Communications,
12(1), 4013. doi: 10.1038/s41467-021-24250-1

Vafeidis A., Abdulla A., Bondeau A., Brotons L., Ludwig
R., Portman M., Reimann L., Vousdoukas M.,
and Xoplaki E. (2020). Managing Future Risks
and Building Socio-Ecological Resilience. In W.
Cramer, J. Guiot, & K. Marini (Eds.), Climate and
Environmental change in the Mediterranean Basin -
Current Situations and Risks for the Future. Union
for the Mediterranean, Plan Bleu, UNEP/MAP,
Marseille, France, pp. 539-588.
doi: 10.5281/zen0do.7101119

Valdemoro H. I., and Jiménez J. A. (2006). The Influence
of Shoreline Dynamics on the Use and Exploitation
of Mediterranean Tourist Beaches. Coastal
Management, 34(4), 405-423.
doi: 10.1080/08920750600860324

Ulker

Vareda J. P, Valente A. J. M., and Durdes L. (2019).
Assessment of heavy metal pollution from
anthropogenicactivitiesand remediation strategies:
A review. Journal of Environmental Management,
246,101-118. doi: 10.1016/j.jenvman.2019.05.126

Vasilakopoulos P., Maravelias C. D., and Tserpes G. (2014).
The Alarming Decline of Mediterranean Fish
Stocks. Current Biology, 24(14), 1643-1648.
doi: 10.1016/j.cub.2014.05.070

Vazquez-Luis M., Alvarez E., Barrajon A., Garcia-March J.
R., Grau A., Hendriks I. E., Jiménez S., Kersting D.,
Moreno D., Pérez M., Ruiz J. M., S&nchez J., Villalba
A., and Deudero S. (2017). S.0.S. Pinna nobilis: A
mass mortality event in western Mediterranean
Sea. Frontiers in Marine Science, 4(JUL), 279336.
doi: 10.3389/fmars.2017.00220

Vecchio, Anzidei, Serpelloni, and Florindo. (2019). Natural
Variability and Vertical Land Motion Contributions
in the Mediterranean Sea-Level Records over the
Last Two Centuries and Projections for 2100. Water,
11(7), 1480. doi: 10.3390/w11071480

Vezzulli L., Previati M., Pruzzo C., Marchese A., Bourne D.
G.,and Cerrano C.(2010). Vibrioinfections triggering
mass mortality events in a warming Mediterranean
Sea. Environmental Microbiology, 12(7), 2007-2019.
doi: 10.1111/J.1462-2920.2010.02209.x

Vilas-Boas J. A., Arenas-Sanchez A., Vighi M., Romo S.,
Van den Brink P. J., Pedroso Dias R. J., and Rico A.
(2021). Multiple stressors in Mediterranean coastal
wetland ecosystems: Influence of salinity and an
insecticide on zooplankton communities under
differenttemperature conditions. Chemosphere, 269,
129381. doi: 10.1016/j.chemosphere.2020.129381

Vilibi¢ I., Denamiel C., Zemunik P., and Monserrat S. (2020).
The Mediterranean and Black Sea meteotsunamis:
an overview. Natural Hazards 2020 106:2, 106(2),
1223-1267. doi: 10.1007/S11069-020-04306-z

Vilibi¢ I., Denamiel C., Zemunik P., and Monserrat S. (2021).
The Mediterranean and Black Sea meteotsunamis:
an overview. Natural Hazards, 106(2), 1223-1267.
doi: 10.1007/s11069-020-04306-z

Vilibi¢ I., Monserrat S., Rabinovich A., and Mihanovi¢ H.
(2008). Numerical Modelling of the Destructive
Meteotsunami of 15 June, 2006 on the Coast of the
Balearic Islands. Pure and Applied Geophysics, 165(11-
12), 2169-2195. doi: 10.1007/s00024-008-0426-5

Vousdoukas M. ., Mentaschi L., Voukouvalas E., Bianchi
A., Dottori F., and Feyen L. (2018). Climatic and
socioeconomic controls of future coastal flood risk
in Europe. Nature Climate Change, 8(9), 776-780.
doi: 10.1038/s41558-018-0260-4

Vousdoukas M. |., Mentaschi L., Voukouvalas E., Verlaan
M., Jevrejeva S., Jackson L. P, and Feyen L. (2018).
Global probabilistic projections of extreme sea
levels show intensification of coastal flood hazard.
Nature Communications, 9(1), 2360.
doi: 10.1038/s41467-018-04692-w

Vousdoukas M. I, Ranasinghe R., Mentaschi L., Plomaritis
T. A., Athanasiou P., Luijendijk A., and Feyen L.
(2020). Sandy coastlines under threat of erosion.
Nature Climate Change, 10(3), 260-263.
doi: 10.1038/s41558-020-0697-0



https://doi.org/10.1007/s40710-015-0096-0
https://doi.org/10.1175/jcli-d-19-0910.1
https://doi.org/10.1016/j.rsma.2021.102155
https://doi.org/10.12714/egejfas.2017.34.2.01
https://wedocs.unep.org/xmlui/handle/20.500.11822/425
https://wedocs.unep.org/xmlui/handle/20.500.11822/425
https://wedocs.unep.org/bitstream/handle/20.500.11822/7097/mssd_2016_2025_eng.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/7097/mssd_2016_2025_eng.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/7097/mssd_2016_2025_eng.pdf
https://wedocs.unep.org/handle/20.500.11822/46733
https://wedocs.unep.org/handle/20.500.11822/46733
https://wedocs.unep.org/xmlui/handle/20.500.11822/1747
https://wedocs.unep.org/xmlui/handle/20.500.11822/1747
https://planbleu.org/wp-content/uploads/2021/04/SoED_full-report.pdf
https://planbleu.org/wp-content/uploads/2021/04/SoED_full-report.pdf
https://doi.org/10.1038/s41467-021-24250-1
https://doi.org/10.5281/zenodo.7101119
https://doi.org/10.1080/08920750600860324
https://doi.org/10.1016/j.jenvman.2019.05.126
https://doi.org/10.1016/j.cub.2014.05.070
https://doi.org/10.3389/fmars.2017.00220
https://doi.org/10.3390/w11071480
https://doi.org/10.1111/J.1462-2920.2010.02209.x
https://doi.org/10.1016/j.chemosphere.2020.129381
https://doi.org/10.1007/S11069-020-04306-z
https://doi.org/10.1007/s11069-020-04306-z
https://doi.org/10.1007/s00024-008-0426-5
https://doi.org/10.1038/s41558-018-0260-4
https://doi.org/10.1038/s41467-018-04692-w
https://doi.org/10.1038/s41558-020-0697-0

Vrontisi Z., Charalampidis I., Lehr U., Meyer M., Paroussos
L., Lutz C., Lam-Gonzalez Y. E., Arabadzhyan
A., Gonzalez M. M., and Ledén C. J. (2022).
Macroeconomic impacts of climate change on
the Blue Economy sectors of southern European
islands. Climatic Change, 170(3-4), 27.
doi: 10.1007/s10584-022-03310-5

Vuik V., Jonkman S. N., Borsje B. W., and Suzuki T. (2016).
Nature-based flood protection: The efficiency of
vegetated foreshores for reducing wave loads on
coastal dikes. Coastal Engineering, 116, 42-56.
doi: 10.1016/j.coastaleng.2016.06.001

Wallentinus I., and Nyberg C. D. (2007). Introduced marine
organisms as habitat modifiers. Marine Pollution
Bulletin, 55(7-9).
doi: 10.1016/j.marpolbul.2006.11.010

Ward P. J., de Ruiter M. C., Mard J., Schroter K., Van
Loon A., Veldkamp T., von Uexkull N., Wanders
N., AghaKouchak A., Arnbjerg-Nielsen K,
Capewell L., Carmen Llasat M., Day R., Dewals
B., Di Baldassarre G., Huning L. S., Kreibich H.,
Mazzoleni M., Savelli E., ... Wens M. (2020). The
need to integrate flood and drought disaster risk
reduction strategies. Water Security, 11, 100070.
doi: 10.1016/j.wasec.2020.100070

Watts N., Amann M., Arnell N., Ayeb-Karlsson S., Belesova
K., Boykoff M., Byass P., Cai W., Campbell-Lendrum
D., Capstick S., Chambers J., Dalin C., Daly M,
Dasandi N., Davies M., Drummond P., Dubrow R.,
Ebi K. L., Eckelman M., ... Montgomery H. (2019).
The 2019 report of The Lancet Countdown on health
and climate change: ensuring that the health of
a child born today is not defined by a changing
climate. The Lancet, 394(10211), 1836-1878.
doi: 10.1016/s0140-6736(19)32596-6

Wedler M., Pinto J. G., and Hochman A. (2023). More
frequent, persistent, and deadly heat waves in
the 21st century over the Eastern Mediterranean.
Science of The Total Environment, 870, 161883.
doi: 10.1016/j.scitotenv.2023.161883

WHO (2021). WHO global air quality guidelines: particulate
matter (PM2.5 and PM10), ozone, nitrogen dioxide,
sulfur dioxide and carbon monoxide. World Health
Organization.
https://iris.who.int/handle/10665/345334.

Wolff C., Nikoletopoulos T., Hinkel J., and Vafeidis A. T. (2020).
Future urban development exacerbates coastal
exposure in the Mediterranean. Scientific Reports,
10(1), 14420. doi: 10.1038/s41598-020-70928-9

Wolff C., Vafeidis A. T., Muis S., Lincke D., Satta A., Lionello
P., Jimenez J. A., Conte D., and Hinkel J. (2018). A
Mediterranean coastal database for assessing the
impacts of sea-level rise and associated hazards.
Scientific Data, 5(1), 180044.
doi: 10.1038/sdata.2018.44

World Tourism Organization (2008). Climate Change and

Tourism - Responding to Global Challenges. UNWTO,

Madrid. doi: 10.18111/9789284412341

Tourism Organization. (2018). UNWTO Tourism

Highlights, 2018 Edition. In UNWTO Tourism

Highlights: 2018 Edition. UNWTO, Madrid.

doi: 10.18111/9789284419876

World

Impacts and risks

Yang L., Zhou Y., Shi B., Meng J., He B., Yang H., Yoon
S. J., Kim T., Kwon B.-0., and Khim J. S. (2020).
Anthropogenic impacts on the contamination
of pharmaceuticals and personal care products
(PPCPs) in the coastal environments of the Yellow
and Bohai seas. Environment International, 135,
105306. doi: 10.1016/j.envint.2019.105306

Yang X. (2008]). ISPRS Journal of Photogrammetry and
Remote Sensing theme issue “Remote Sensing
of the Coastal Ecosystems.” ISPRS Journal of
Photogrammetry and Remote Sensing, 63(5), 485-
487. doi: 10.1016/j.isprsjprs.2008.07.001

Yavuz C., Kentel E., and Aral M. M. (2020). Climate Change
Risk Evaluation of Tsunami Hazards in the Eastern
Mediterranean Sea. Water, 12(10), 2881.
doi: 10.3390/w12102881

YesudianA.N.,and DawsonR. J.(2021). Globalanalysis of sea
level rise risk to airports. Climate Risk Management,
31, 100266. doi: 10.1016/j.crm.2020.100266

Yilmaz A. B., Yanar A, and Alkan E. (2017). Review of
heavy metal accumulation on aquatic environment
in Northern East Mediterrenean Sea part |I: some
essential metals. Reviews on Environmental Health,
32(1-2), 119-163. doi: 10.1515/reveh-2016-0065

Yilmaz A. B., Yanar A., and Alkan E. (2018). Review of Heavy
Metal Accumulation in Aquatic Environment of
Northern East Mediterrenean Sea Part Il: Some
Non-Essential Metals. Pollution, 4(1), 143-181.
doi: 10.22059/poll.2017.236121.287

Zampieri M., Toreti A., Ceglar A., Naumann G., Turco M.,
and Tebaldi C. (2020). Climate resilience of the top
ten wheat producers in the Mediterranean and the
Middle East. Regional Environmental Change, 20(2),
41. https://doi.org/10.1007/s10113-020-01622-9

Zebakh S., Abdelradi F., Mohamed E. Sh., Amawi 0., Sadiki
M., and Rhouma A. (2022). Chapter 15: Innovations on
the nexus for development and growth in the south
Mediterranean region. In Handbook on the Water-
Energy-Food Nexus (pp. 273-290). Geography, Planning
and Tourism 2022. doi: 10.4337/9781839100550.00022

ZekiS., Aslan A., Burak S., and Rose J. B. (2021). Occurrence
of a human-associated microbial source tracking
marker and its relationship with faecal indicator
bacteria in an urban estuary. Letters in Applied
Microbiology, 72(2), 167-177. doi: 10.1111/lam.13405

ZouahriA., Dakak H., Douaik A., EL Khadir M., and Moussadek
R. (2015). Evaluation of groundwater suitability
for irrigation in the Skhirat region, Northwest of
Morocco. Environmental Monitoring and Assessment,
187(1), 4184. doi: 10.1007/s10661-014-4184-9

ZscheischlerJ.,Martius 0.,WestraS., BevacquaE.,Raymond
C., Horton R. M., van den Hurk B., AghaKouchak A.,
Jézéquel A., Mahecha M. D., Maraun D., Ramos A.
M., Ridder N. N., Thiery W., and Vignotto E. (2020). A
typology of compound weather and climate events.
Nature Reviews Earth and Environment, 1(7), 333-
347. doi: 10.1038/s43017-020-0060-z

Zviely D., Bitan M., and DiSegni D. M. (2015). The effect
of sea-level rise in the 21st century on marine
structures along the Mediterranean coast of Israel:
An evaluation of physical damage and adaptation
cost. Applied Geography, 57, 154-162.
doi: 10.1016/j.apge0q.2014.12.007



https://doi.org/10.1007/s10584-022-03310-5
https://doi.org/10.1016/j.coastaleng.2016.06.001
https://doi.org/10.1016/j.marpolbul.2006.11.010
https://doi.org/10.1016/j.wasec.2020.100070
https://doi.org/10.1016/s0140-6736(19)32596-6
https://doi.org/10.1016/j.scitotenv.2023.161883
https://iris.who.int/handle/10665/345334.
https://doi.org/10.1038/s41598-020-70928-9
https://doi.org/10.1038/sdata.2018.44
https://doi.org/10.18111/9789284412341
https://doi.org/10.18111/9789284419876
https://doi.org/10.1016/j.envint.2019.105306
https://doi.org/10.1016/j.isprsjprs.2008.07.001
https://doi.org/10.3390/w12102881
https://doi.org/10.1016/j.crm.2020.100266
https://doi.org/10.1515/reveh-2016-0065
https://doi.org/10.22059/poll.2017.236121.287
https://doi.org/10.1007/s10113-020-01622-9
https://doi.org/10.4337/9781839100550.00022
https://doi.org/10.1111/lam.13405
https://doi.org/10.1007/s10661-014-4184-9
https://doi.org/10.1038/s43017-020-0060-z
https://doi.org/10.1016/j.apgeog.2014.12.007

Information about
the authors

Coordinating Lead Authors

Z. Selmin BURAK, Institute of Marine Sciences and
Management, Istanbul University, Istanbul, Tirkiye
Nathalie HILMI, Department of Environmental Economics,
Centre Scientifique de Monaco, Monaco

José A.JIMENEZ, Laboratori d'Enginyeria Maritima,
Universitat Politécnica de Catalunya-BarcelonaTech,
Barcelona, Spain

Lead Authors

Elham ALI, Suez University / The National Authority for
Remote Sensing & Space Sciences [NARSS), Cairo, Egypt
Mario V. BALZAN, Institute of Applied Sciences, Malta
College of Arts, Science and Technology, Paola, Malta
Alessandra BONAZZA, National Research Council of Italy
[CNRYJ, Institute of Atmospheric Sciences and Climate,
Bologna, ltaly

Marie-Yasmine DECHRAOUI BOTTEIN, Université Cote
d’Azur, CNRS, ECOSEAS, Nice, France

Nazli DEMIREL, Institute of Marine Sciences and
Management, Istanbul University, Istanbul, Turkiye
Shekoofeh FARAHMAND, Department of Economics,
University of Isfahan, Isfahan, Iran

Mauricio GONZALEZ, IHCantabria - Instituto de Hidraulica
Ambiental de La Universidad de Cantabria, Santander,
Spain

Sebastian MONTSERRAT, Department of Physics,
University of the Balearic Islands (UIB), Palma, Spain
David PULIDO-VELAZQUEZ, Spanish Geological Survey
(IGME-CSIC), Granada, Spain

Alain SAFA, Université Cote d’Azur, IAE, GRM, Nice, France
Matteo VACCHI, Department of Earth Sciences, University
of Pisa, Pisa, ltaly

Contributing Authors

Ignacio AGUIRRE AYERBE, IHCantabria - Instituto de
Hidraulica Ambiental de La Universidad de Cantabria,
Santander, Spain

Inigo ANIEL-QUIROGA, IHCantabria - Instituto de
Hidraulica Ambiental de La Universidad de Cantabria,
Santander, Spain

Nuno CAIOLA, Department of Climate Solutions and
Ecosystem Services, Eurecat, Amposta, Spain

Emma CALIKANZAROS, Université Cote d’Azur, CNRS,
ECOSEAS, Nice, France

Dario CAMUFFO, National Research Council of Italy
[CNRYJ, Institute of Atmospheric Sciences and Climate,
Padua, Italy

Mine CINAR, Department of Economics, Loyola University
Chicago, Chicago, USA

Maria Carmen LLASAT, Department of Applied Physics,
University of Barcelona, Barcelona, Spain

Alban THOMAS, Grenoble Applied Economics Laboratory
(GAELJ, University Grenoble-Alpes, INRAE, Grenoble, France




Impacts and risks

o A

S e




ISBN: 978-2-493662-02-6

www.medecc.org

Enquiries: contact@medecc.org

MedEc(


https://www.medecc.org/
mailto:contact%40medecc.org?subject=

