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Background and Introduction

The Mediterranean Sea represents the largest of
the semi-enclosed European seas and occupies a
basin of almost 2.6 million km?, which corresponds
to 6.5 percent of global land area. The length of its
coastline amounts to 46,000 km. The basin itself
measures about 3,800 km from east to west and
900 km from north to south at its maximum between
France and Algeria (UNEP/MAP, 2012). The Medi-
terranean Sea is surrounded by 23 countries' and
is home to around 480 million people, correspond-
ing to 7.3 percent of the global population in 2015.
The region is located at the crossroad of three con-
tinents: Africa, Asia and Europe (European Environ-
ment Agency, 2015). Many of the Mediterranean
countries’ economies are largely dependent on nat-
ural resources, particularly along the southern rim of
the Basin (UNEP/MAP-Plan Bleu, 2009). The over-
all gross domestic product (GDP) of the Mediterra-
nean countries amounted to 10.4 percent of the
global GDP in 2016. The Mediterranean Sea repre-
sents one of the world's busiest shipping routes with
about 30 percent of international maritime freight
traffic and some 20 to 25 percent of maritime oil
transport crossing the sea each year (UNEP/MAP-
Plan Bleu, 2009).

The Mediterranean Basin is characterized by signifi-
cant environmental and geographic gradients from

north to south and east to west. The region has a
complex morphology of mountain chains and strong
land — sea contrasts and lies in a transition zone be-
tween mid-latitude and sub-tropical atmospheric
circulation regimes.

Rivers play a major role in the Mediterranean re-
gion's water circulation and geochemistry. Ranked
according to annual discharge, the four largest rivers
flowing into the Mediterranean Sea are the Rhone,
Po, Drin-Bojana and the Nile. Changes in freshwater
input due to natural variability, major river regulation
and/or climate change lead to altered surface-water
salinity of the Mediterranean Sea with consequences
for coastal marine ecosystems (UNEP/MAP, 2012).

Equally important, but of a different nature are the
variations in the socio-economic, cultural and soci-
etal conditions in the Mediterranean countries. A
number of well-developed EU Member States on
its northern rim contrast with intermediately devel-
oped countries in the eastern Mediterranean and
the Middle East and with less developed countries
in North Africa.

A common phenomena, particularly for countries in
the eastern Mediterranean and North Africa is the
significant growth in populations and an increasing
rate of urbanization (see, e.g., Lange, 2019). The
combination of changes in lifestyle and demand pat-
terns have resulted in growing demands for water,
energy and food in the Mediterranean Basin. The
overexploitation of existing water reservoirs and
groundwater aquifers and the enhanced utilization of
ecosystem services has led to stress on environ-
mental integrity, in addition to already apparent im-
pacts of ongoing climate changes.

' The Mediterranean countries are usually grouped in different categories as follows: European Union Mediterranean Group: Croatia, Cyprus,
France, Greece, ltaly, Malta, Monaco, Slovenia, Spain; Western Balkans and Turkey Group: Albania, Bosnia and Herzegovina, Montenegro,
Turkey; European Neighborhood Policy (ENP) South Group: Algeria, Egypt, Israel, Jordan, Lebanon, Libya, Morocco, Palestine, Syria, Tunisia.



Earlier assessments have shown that climate and en-
vironmental changes are already posing significant
risks in several of the Mediterranean countries (Cramer
et al., 2018). In particular, the observed changes in
annual mean temperatures over the last 140 years
clearly exceed global mean values (Chart 1) with ba-
sin-wide, annual mean temperatures now about 1.6 °C
above late 19th-century levels.

The Mediterranean is vulnerable to climate change
impacts in a number of ways, which will be de-
scribed in more detail below. Water scarcity, a long-
known and widespread challenge in many Mediter-
ranean countries is likely to increase in the next
decades as a consequence of anticipated climate
change. Moreover, agricultural practices, aimed to
increase yields, have led to enhanced water use for
irrigation. Continued intensification of agricultural
practices will result in adverse consequences for
water resources, biodiversity and landscape func-
tioning. This is combined with enhanced distur-
bances of environmental integrity, an overexploita-
tion of ecosystem services and a growing tendency
towards desertification in several of the rim coun-
tries (Cramer et al., 2018). Before addressing envi-

ronmental impacts in more detail, we will first look at
past and present climate changes in the Mediterra-
nean, before considering future climate projections
and the resulting extreme events.

Climate Change in the Mediterranean
Past and Present Conditions

As mentioned before, Mediterranean climate change
has been observed at a magnitude exceeding global
means, despite the fact that the emission of green-
house gases (GHGs) in Mediterranean countries lie
at relatively low levels (see below). The recent tem-
perature record reveals a mean annual temperature
for the entire basin that lies about 1.5 °C above late
19th-century levels and approx. 0.4 °C above the
global average, with significant inter-annual variabil-
ity (Chart 1). Significant sub-regional manifestations
of the warming reveal local increases in mean annual
temperatures over the same time span that range
from 1.5 to 4 °C. The overall change in climatic con-
ditions has resulted in more frequent and more in-

CHART 1 Mean Temperature Anomalies
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MAP 1 Mean Surface Temperature
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Source: Adapted from ViDAL-VuanDE, E. et al. Analysis of a 44-year hindcast for the Mediterranean Sea: comparison with altimetry and in situ observations.

Note: Present mean annual surface temperatures of the Mediterranean Sea; Source: UNEP/MAP (2012) and www.grida.no/resources/5919.

tense heat waves with midday temperatures contin-
uously above 30 to 40 °C and increasing periods of
drought (i.e., extended periods with negligible rain-
fall) since the 1950s (see below).

There has also been a rapid change in the water cy-
cle due to increased evaporation and less rainfall
causing, e.g., increased fire hazard as well as an en-
hanced risk of forest pests and parasites. While wa-
ter scarcity has been a common challenge for Med-
iterranean societies throughout history, the current
situation and anticipated exacerbation due to cli-
mate change resulting in severe strain on natural
and managed terrestrial ecosystems are cause for
serious concern (see below).

Sea surface temperatures have been rising for the
last decades at a rate of about 0.4 °C and have led
to mean annual temperatures exceeding 20 °C for
much of the eastern and southeastern Mediterra-
nean (Map 1). The increasing sea temperatures
have resulted in mean sea level rises of about 3 cm
per decade and cause significant risks for low-lying
coastal regions, e.g., the Nile Delta.

What are the main drivers that cause these chang-
es and what lies ahead of us throughout the next

decades until the end of the next century? These
and other issues will be discussed in the following
section.

Mediterranean climate change has
been observed at a magnitude
exceeding global means, despite the
fact that the emission of greenhouse
gases (GHGs) in Mediterranean
countries lies at relatively low levels

Major Drivers of Climate Change in the
Mediterranean Basin

While the Mediterranean has seen major shifts in
climate conditions throughout history, with tempera-
tures on average to be 8 °C below current ones at
the height of the last ice age (about 20,000 years
ago) or 1 — 3 °C higher during the mid-Holocene
(6,000 years ago), current changes are unprece-


http://www.grida.no/resources/5919

CHART 2 Energy Demand and Electricity Generation by Source in the Mediterranean Region
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Source: modified after UNEP/MAP-Plan Bleu (2009).

dented in the region’s climate history. While historic
changes took thousands of years to evolve, the cur-
rent climate develops at a pace of 100 to 150 years
with significant accelerations during the last few
centuries. This has been attributed to various caus-
es. However, there is growing and overwhelming
evidence that much of the warming has been
caused by anthropogenic forces, most notably the
emission of greenhouse gases into the Earth’'s at-
mosphere. As stated in the latest assessment report
of the Intergovernmental Panel on Climate Change
(IPCC): “Human influence has been detected in
warming of the atmosphere and the ocean, in
changes in the global water cycle, in reductions in
snow and ice, and in global mean sea level rise; and
it is extremely likely to have been the dominant
cause of the observed warming since the mid-20th
century.” (IPCC 2014, 2015). This conclusion does
not exclude other, natural causes (e.g., volcanic erup-
tions, variations in the sun's energy output, etc.), but

emphasizes the role of man in altering major elements
of the Earth’s system.

While the current share of carbon emissions of the
Mediterranean countries amounts to no more than
6 percent of global emissions (FAO and Plan Bleu,
2018), the expected growth in energy demand by
the Mediterranean countries alone will likely increase
this fraction in the next few decades until 2050 (Plan
Bleu and European Investment Bank, 2008). The un-
derlying cause for this growth lies in the expected
continued growth in population (+105 million com-
pared to 2013) and the economies (+2.3% per year
on average) in the region (Ben Jannet Allal et al.,
2016). As outlined by Ben Jannet Allal et al. (2016),
while energy demand and consumption have been
steadily increasing since the early 1970s (Chart 2a),
the final energy consumption is likely to double by
2040 in the southern Mediterranean countries
(SMECs?). Over the same period, electricity con-
sumption will triple, notably on account of the in-

21n a different categorization, the report by Ben JANNET ALLAL et al.(20186) introduces the following groups of Mediterranean countries: South-
ern and Eastern Mediterranean Countries (SEMCs): Algeria, Egypt, Israel, Lebanon, Libya, Morocco, Syria, Palestinian Territories, Tunisia,
and Turkey. Northern Mediterranean Countries (NMCs): Bosnia-Herzegovina, Cyprus, Croatia, Spain, France, Italy, Greece, Malta, Monaco,

and Slovenia
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CHART 3 Past and Projection of Population Growth in Mediterranean Countries since 1960
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creased use of space cooling (air conditioning) and
new electrical appliances. Since most of the electric-
ity production relies on hydrocarbons in the SMECs
and hydrocarbons and nuclear energy in the North-
ern Rim Countries (NRCs; Chart 2b), the resultant
carbon dioxide emissions are expected to increase
by 45% for the whole region and more than double in
the southern Mediterranean.

As mentioned before, the ongoing and anticipated
continued growth in population of Mediterranean
countries (Chart 3) is a major indirect driver of cli-
mate and environmental changes. As can be seen,
the population in the region increased from 259 mil-
lion in 1960 to 537 million in 2015 and is expected
to reach 670 million by 2025 (UNEP/MAP, 2012).
Rates of population growth in the southern Mediter-
ranean countries and, to a lower extent, those of the
eastern countries significantly exceed those of the
northern countries.

This growth took place primarily as a result of an in-
creasing urban population with an urbanization rate of
48 percent in 1960, reaching 68 percent in 2015. Ur-
banization took place predominantly along the region’s
coastlines: cities such as Algiers and Tel-Aviv experi-
enced a five to tenfold increase between 1950 and

2010 (World Bank, 2015). About one third of the
Mediterranean population was concentrated in coastal
areas totalling less than 12 % of the surface area of the
Mediterranean, amounting in total coastal populations
of 150 million in 2015 (FAO and Plan Bleu, 2018).
Given the facts listed above, one wonders how cli-
mate will change in the future and what impacts such
changes will have that add to the already discernible
stresses on the environment and other impacted sec-
tors. The first issue will be addressed in the following
section.

Climate Change in the Mediterranean: Future
Perspectives

As demonstrated before, the Mediterranean Basin
has seen arise in mean annual temperatures that lies
well above the global mean (Chart 1). Numerical
modelling has been established as the most suitable
method when aiming to assess prospective future
changes in climate parameters, particularly mean an-
nual temperatures and mean annual precipitation.
While global climate models (GCMs) provide valu-
able insights into large-scale developments of cli-



mate conditions, addressing the impacts of climate
change requires finer, regional to sub-regional
scales to enable assessments that are relevant to lo-
cal communities and ecosystems. This has been
achieved through the use of Regional Climate Mod-
els (RCMs; e.g., Jacob et al., 2014). Impacts are ex-
pected to be particularly severe in regions where in-
creasing temperatures are combined with decreasing
precipitation. Such regions have been coined “cli-
mate change hotspots” and the Mediterranean is
considered one such hot spot (Giorgi, 2006).

Recent results of ensembles of regional climate mod-
els with a spatial resolution of 50 km, which have

been carried out in the framework of the Coordinat-
ed Regional Downscaling Experiment (CORDEX)
underline this assignment (Zittis et al., 2019). The
study is based on results from 14 global and 17 re-
gional climate models, respectively. The global mod-
els provide future climate projections for the period
2006-2100 and are driven by three “future” repre-
sentative concentration pathways (RCPs), i.e.,
RCP8.5, RCP4.5 and RCP2.6. The latter scenario
has been set in order to reach the main targets set
by the Paris Agreement and to keep global warming
to well below 2 °C since pre-industrial times (for
more details, see Zittis et al., 2019).

MAP 2 Projected Changes of Mean Annual Temperature for Mid and End of 21st Century
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Projections of Changing Temperature

Map 2 presents changes for mean annual tempera-
tures relative to a reference period 1986-2005 for
two time slices: mid-century (i.e., 2046-2065) and
end-century (i.e., 2081-2100), respectively.

Following the lowest emission scenario (RCP2.6),
projected mean annual temperatures remain below
2 °C for most of the Mediterranean for the mid-cen-
tury as well as for the end-century time slice. In con-
trast, the “business as usual” scenario (i.e., continu-
ing with increasing emissions similar to the recent
past), leads to significantly higher temperatures of

up to 3.5-4 °C for the period 2046-2065 and ex-
ceeding 3.5-5.5 °C by the end of the 21st century.
Projections for the intermediate RCP4.5 scenario lie
between these two extremes. However, achieving
emission reductions according to RCP2.6 remains
insecure, if not unlikely, given present emission val-
ues (see, e.g., Ritchie and Roser, 2017). Focusing
on the intermediate RCP4.5-scenario, much of the
Mediterranean Basin will experience mean annual
temperatures above 2 °C and above 2.5-3 °C for the
mid- and end-century time slices, where the latter is
similar to the mid-century projections for the RCP8.5
scenario. Significant sub-regional manifestations of

MAP 3 Projected Changes of Mean Annual Precipitations for Mid and End of 21st Century
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these increases are apparent, particularly for the
RCP8.5-model. Such substantial rates of warming
will have significant impacts on environments and
human communities in the Mediterranean Basin, to
be discussed below.

Projections of Changing Precipitation

Projections for changes in precipitation are less ro-
bust than those for temperatures (Zittis et al., 2019)
and are presented in Map 3. Climate change will
lead to enhanced evapotranspiration and reduced
rainfall (Cramer et al., 2018). This will likely result in
substantial reductions of water availability by 2-15%
for 2 °C of warming. This represents one of the larg-
est decreases in the world, which will result in sig-
nificant increases in the length of meteorological dry
spells and droughts (see below).

When considering RCM results for the RCP8.5 sce-
nario (Map 3), it becomes clear that drying is affecting
most of the Mediterranean coasts and particularly
Iberia, parts of Maghreb, southern ltaly, the Balkans,
southern Turkey, and the Levantine. Decreases in pre-
cipitation are projected to reach -30%, while for some
parts of the southern Mediterranean, the rainfall de-
crease will reach or exceed -40% of annual precipita-
tion relative to the reference period (1986-2005).

The increase in the heat wave
intensity is strongest in the
southern and eastern parts of the
Mediterranean Basin, as well as
in parts of Spain

Concentrating again on the intermediate RCP4.5-
scenario, mean annual precipitation will decrease up
to -20% in parts of the Mediterranean Basin for the
mid- and end-century time slices, respectively. Giv-
en the already semi-arid to arid conditions of the
southern and eastern rim countries of the Basin,
these projections will drastically enhance water
scarcity for many communities and for terrestrial
ecosystems already under significant stress.

However, it should be noted that these projections
represent mean annual values, which are neither to

be equated with projections of seasonal, nor with
extreme episodes of climate change in the region
(see below). Given that impacts of extreme events
will be particularly devastating, the following section
will take a look at some of the expected extreme
events anticipated for the Mediterranean Basin in
the coming decades.

Projected Extreme Climate Events in the
Mediterranean Basin

Considering all possible extreme events would be
beyond the scope of this paper. Thus, we will con-
centrate on the following issues:

= Heat waves
= Droughts
= Extreme precipitation events.

As can be seen in Maps 7 and 8, the magnitudes of
mean annual temperature — and precipitation chang-
es are maximum in the eastern and southern rim
countries of the Mediterranean Sea, which are part
of the Middle East North Africa region, also called
the MENA region. The paper by Michaelides et al.
(2018) provides an extensive summary of extreme
climate events in the Mediterranean, their current
status and future projections.

Heat Waves

According to the World Meteorological Organization
(WMO), heat waves are defined as an extreme
weather event with marked warming of the air over a
large area that usually lasts from a few days to a few
weeks (Molina et al., 2020). While numerous slightly
differing definitions have been proposed, any accu-
rate heat wave definition should include both the in-
tensity and duration of a heat wave. The HWMId
(Heat Wave Magnitude Index daily) for intensity and
the WSDI (Warm Spell Duration Index) for duration
represent two of the most commonly used indices
(Molina et al., 2020).The HWMId takes into account
both duration and temperature anomalies of a heat
wave in a single number (Russo et al.,, 2015). The
WSDI denotes the number of days each year, which
are part of a “warm spell,” which is defined as a se-
quence of six or more days in which the daily maxi-
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mum temperature exceeds the 90th percentile of
daily maximum temperature for a five-day running
window surrounding this day during the baseline pe-
riod (Zhang et al., 2011).

Heat waves in the Mediterranean Basin have been
observed to occur more frequently and at increasing
duration since the 1950s (Cramer et al., 2018). The
combination of increasing heat waves, droughts
(see below) and changing land-use practices have
resulted in higher fire risk, longer fire seasons and
more frequent, larger and more severe fires.

Based on the largest available ensemble of RCMs,
Molina et al. (2020) present an assessment of future
heat wave events over the whole Mediterranean Ba-
sin. The assessment is based on Euro-CORDEX
simulations driven by RCP4.5 and RCP8.5 green-
house gas emission scenarios and with both 0.11°
and 0.44° spatial resolutions (around 50 and 12 km
in size, respectively). Mean values for the increase in
the heat wave indices HWMId and WSDI averaged
over the Mediterranean Basin for the 2071-2100
period, are significantly larger for models driven by
the RCP8.5 scenario compared to the RCP4.5 sce-
nario (Molina et al., 2020). Thus, heat waves are
more intense and last longer under the RCP8.5 sce-
nario than for the RCP4.5 scenario. According to the
scenarios of the spatial distribution of the mean of
the HDWMId and the WSDI indices derived from all
RCMs for the 2071-2100 period, which are based
on the RCP8.5 emission scenario (more details, see:
Molina et al., 2020), it can be seen that the increase
in the heat wave intensity is strongest in the south-
ern and eastern parts of the Mediterranean Basin, as
well as in parts of Spain. The duration of warm spells,
as indicated by the WSDI, increases most in the
eastern and parts of the southern Mediterranean,
where it reaches values of up to 200 days and to a
lesser degree in central to southern Spain. This un-
derlines the earlier notion that the Mediterranean
countries of the MENA region are particularly affect-
ed by climate changes and their impacts.

Droughts

Droughts are difficult to quantify and are usually
identified by their effects or by their impacts on dif-
ferent types of systems, since no single physical var-
iable can be measured to quantify them (Quintana
Segui et al., 2016). Their temporal scale and dura-

tion, as well as their spatial scales and places of oc-
currence are equally difficult to specify quantitatively.
This has led to the definition of drought indices (sim-
ilar to what has been done for heat waves, see
above) that are based on meteorological, hydrologi-
cal and/or remote sensing data. The standardized
precipitation evapotranspiration index (SPEI) repre-
sents the most commonly used drought index, which
is obtained by using data on precipitation and at-
mospheric evaporative demand (AED) (for more de-
tails, see, e.g., Quintana Segui et al., 2016).

Understanding drought processes requires an un-
derstanding of the role of soil moisture. Soil moisture
determines the availability of water for evapotranspi-
ration. During the hot summer months, water availa-
bility is limited since solar radiation is abundant and
water is scarce. The projected increase in the dura-
tion and intensity of heat waves/warm spells as a re-
sult of climate change in the Mediterranean (see
above) will exacerbate the impacts of drought. A
very dry soil stimulates the sensible heat flux, which
can interact with the atmosphere, intensifying heat
waves (see, e.g., Zittis et al., 2014). A decrease in
soil moisture will lead to increased water stress and
will affect natural vegetation and agricultural activi-
ties adversely. This will cause an increased demand
for irrigation. Pumping water to satisfy this demand
will result in the lowering of the water table. This, in
turn, will reduce the water available for natural veg-
etation, thereby amplifying the above-mentioned ef-
fect and creating an environment where extreme
droughts could thrive (Quintana Segui et al., 2016).
However, the data needed to determine the SPEI or
the conditions of the soil cover for a given region are
not always available. This may be caused by the small
number or the entire absence of meteorological sta-
tions, or may result from only a short measurement
period in a given country, which is typical for many
countries in the Mediterranean. The use of satellite
remote sensing, employing various optical sensors,
enables investigations of vegetation dynamics and
their variations over time as indicators for drought
conditions in a given locale. Soil moisture content
can be determined through microwave remote sens-
ing. Thus, the combined use of different remote sens-
ing sensors enables not only the study of drought in
areas with few meteorological stations, but also pro-
vides information as to how drought propagates to
the soil (soil moisture) and the vegetation, and how it



impacts agriculture and forestry (for more details,
see, e.g., Quintana Segui et al., 2016).

In order to assess the future development of droughts
in a given region, RCM results and the specification
of dry spells, i.e., the number of days with negligible
precipitation have been employed (Quintana Segui
et al., 2016). This relates closely to the analysis of
heat waves as described above and the results of
these investigations will shed light on the occurrence
and duration of droughts in the Mediterranean Basin.
Considering the RCM results for the Warm Spell Du-
ration Index (WSDI), enhanced droughts are likely to
be seen in countries of the eastern Mediterranean
(Turkey, Syria, Lebanon, Jordan) as well as in some
southern Mediterranean countries (Egypt, Libya, Al-
geria, Morocco).

Extreme Precipitation Events

It has been shown that due to changes in the hydro-
logic cycle, the incidence of extreme precipitation in
a warmer climate can possibly increase even in ar-
eas where mean precipitation is projected to de-
crease. Thus, despite a general decrease in precip-

itation over most parts of the Mediterranean in the
recent past, short and local heavy rainfall events
have been recorded in small catchments, many of
them near the coast in densely populated areas.
This is a common phenomenon in many Mediterra-
nean countries, which are consequently affected by
flash floods. In addition, non-climatic factors such
as increasingly sealed surfaces in urban areas and
ill-conceived storm-water management systems will
exacerbate these risks (Cramer et al., 2018). Such
hazardous precipitation events lead to major ad-
verse impacts on socio-economic systems and local
communities in the region (Cavicchia et al., 2018;
Michaelides et al., 2018).

In an assessment of annual maximum precipitation
in an ensemble of high-resolution regional climate
model (RCM) simulations, Tramblay and Somot
(2018) reach comparable results that indicate sig-
nificant increasing precipitation trends in northern
catchments and conversely decreasing trends in
southern catchments of the Mediterranean Basin.
Since the same spatial patterns are obtained in most
RCM simulations, independent of the emission sce-
narios considered (RCP4.5 and RCP8.5), the au-

CHART 4 Monthly Distribution of Floods in Selected Mediterranean Countries (1990-2006)
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thors suggest that this represents a robust climate
change signal.

Thus, while the overall amount of precipitation will
decrease over the Mediterranean, extreme rain-
storms will prevail in northern rim countries. Aside
from droughts, floods are and will likely remain the
most dangerous meteorological hazards affecting
the Mediterranean countries. During the period
from 1990 to 2006, flash floods have resulted in
4,566 mortalities and have caused a total damage
of €29.136 billion in the Mediterranean region (Lla-
sat et al., 2010). Chart 4 presents a compilation of
the mean monthly spatial distribution of flood
events in selected Mediterranean countries for the
same period. As can be seen, floods in all the re-
gions peak in the autumn (September-November),
with Catalonia being the most affected with 58
cases during this period.

Climate Change and Environmental Impacts
in the Mediterranean Basin

After considering present and future climate change
and associated extreme events, we will now take a
look at some of their impacts on the environment of
the Mediterranean. While looking at individual envi-
ronmental compartments may be useful, a consid-
eration of combined (synergistic) impacts of climate
change on various compartments is even more re-
vealing. In addition, the population growth and an in-
creasing rate of urbanization, pollution, (over-) ex-
ploitation of ecosystem services, changes in land
use and land degradation as well as intensive agri-
culture and fisheries leave obvious traces in the
Mediterranean environment.

Water Scarcity

An issue of paramount importance is the fate of wa-
ter available for human consumption, agriculture and
the environment. As noted above, climate change in-
duced reductions in precipitation, the increase in the
number and intensity of drought events, the en-
hanced pressure on water demand by communities
and irrigated agriculture add up to significant water
scarcity in many parts of the Mediterranean. As al-
ready indicated, the eastern and southern rim coun-
tries, as part of the MENA region, will see particu-

While the overall amount of
precipitation will decrease over the
Mediterranean, extreme rainstorms
will prevail in northern rim countries.
Aside from droughts, floods are and
will likely remain the most dangerous
meteorological hazards

larly severe shortages. Already suffering from water
stress (i.e., water withdrawal exceeding water re-
newal) and high inter-annual variability of their water
resources, these countries are likely to experience
chronic water scarcity with per capita water availa-
bility falling below 500 to 1,000 m® yr! (the thresh-
old generally accepted for severe scarcity to water
stress) in the near future.

Other impacts of climate change include a signifi-
cant reduction in river flow and river discharge
amounting to the median reduction in runoff almost
doubling from about 9% (likely range: 4.5-15.5%)
for a 1.5 °C warming to 17% (8-28%) for a 2 °C
warming (Cramer et al., 2018). In addition, the sea-
sonal distribution of stream flows is very likely to
change, resulting in earlier declines of high flows
from snowmelt in spring, an intensification of low
flows in summer and greater and more irregular dis-
charge in winter.

As already mentioned, reduced water availability and
the inability to satisfy an increasing demand for irri-
gation water will imply possible risks to food security
in parts of the region. The demand for irrigation wa-
ter, which already represents between 50% to 90%
of total water demand in Mediterranean countries
(Cramer et al., 2018) is projected to increase by be-
tween 4 to 18% by the end of the century as a result
of climate change alone (for a 2 °C and 5 °C warm-
ing, respectively). These numbers are exacerbated
by the projected growth in population (see above)
and may result in water demands that are 22 and
74% higher, respectively, compared to present de-
mands (Cramer et al., 2018).

Land Ecosystems

The Mediterranean land ecosystems are rich in biodi-
versity. Despite the fact that Mediterranean forests



represent only 1.8% of the world forest area, the re-
gion hosts 290 woody species compared to only 135
species for non-Mediterranean Europe (Cramer et al.,
2019). The region is host also to many endemic spe-
cies (plants and animals that exist only in one geo-
graphic region). As already mentioned, land ecosys-
tems are impacted not only by direct consequences
of climate change (warming, drought), but also by
changes in land use and an increasing rate of urbani-
zation. Pollution, unsustainable tourism, overexploita-
tion of resources and other practices (e.g. overgraz-
ing, forest fires) add to the stress on these ecosystems.
A warming climate and increasing numbers and in-
tensities of droughts lead to a general increase in
aridity and subsequent desertification of many Med-
iterranean land ecosystems.

Deserts are likely to expand in southern Spain and
Portugal, in northern parts of Morocco, Algeria, Tuni-
sia, Sicily, Cyprus, southern Turkey and parts of Syr-
ia (Cramer et al., 2019).

Forests play an important role as a carbon sink, which
means that they absorb more carbon than they re-
lease. However, if the anticipated warming exceeds
2 °C, forests may lose this role, especially during the
drought years (Cramer et al., 2019). Some species in
Mediterranean forests are particularly vulnerable to
climate change. Forest productivity has decreased
and rates of mortality and defoliation (loss of leaves)
have increased significantly in holm oak, a species
currently dominating Mediterranean forests. In arid
and semi-arid countries of the eastern and southern
Mediterranean, drought has increased tree mortality
and has resulted in degradation and reduced distribu-
tion of entire forest ecosystems, such as the Atlas ce-
dar in Morocco or Algeria (Cramer et al., 2019).
Enhanced droughts and heat waves increase fire
risks, which is also affected by changed land man-
agement. This implies longer fire seasons, and po-
tentially more frequent large, severe fires. Exception-
ally large fire events, triggered by extreme climate
events, especially heat waves, have caused record
maxima of burnt area in some Mediterranean coun-
tries during the last decade (Cramer et al., 2018;
Cramer et al., 2019).

Marine Ecosystems

Similarly to the terrestrial situation, marine ecosys-
tems comprise a particularly rich biodiversity. While

occupying only 0.8% of the global ocean surface,
the Mediterranean Sea hosts 4% to 18% of the
world's known marine species (Cramer et al., 2019).
The observed as well as the anticipated increase of
water temperatures will lead to changes in species
composition and abundance. Thus, while cold-wa-
ter species become less abundant or extinct, warm-
water species will become more abundant: this will
lead to a continuous homogenization of the Medi-
terranean biota with warm-water species.

The Mediterranean is known for its growing number
of non-indigenous, invasive species, which enter
mostly from the warm Red Sea through the recently
widened Suez Canal. More than 700 non-indige-
nous marine plant and animal species have been re-
corded so far in the Mediterranean, many of them
favoured by the warmer water temperatures. Con-
sequently, the geographic distribution range of many
native species has changed significantly. The east-
ern Mediterranean (Levantine Sea) is seeing the
most severe environmental effects of invasive spe-
cies (Cramer et al., 2019).

Favoured by increasing water temperature, the ex-
tent and intensity of jellyfish outbreaks have in-
creased over the last several decades. Outbreaks
of a purple-striped jellyfish, a planktonic predator
of fish larvae and of their zooplankton prey have
caused particularly adverse effects (Cramer et al.,
2019).

Higher concentrations of carbon dioxide (CO,)
lead to an increase in dissolved atmospheric CO,
in Mediterranean surface waters. This results in a
lowering of the water’s pH and in making the ocean
more acidic. These processes are well document-
ed and will likely continue in the future as a result of
continued CO, emissions into the atmosphere.
Acidification results in various adverse impacts on
many pelagic and benthic organisms with calcare-
ous body parts, such as corals, mussels, pteropods,
sponges and coccolithophores. Additional effects
include biological changes (e.g. reduced early stage
survival) as well as altered ecological processes
(e.g. loss in biodiversity, changes in biomass and
trophic complexity). Modifications in species com-
position and shifts in abundance from assemblag-
es dominated by calcifying species to non-carbonat-
ed species have been reported even under moderate
decreases in surface-water pH values (Cramer et
al., 2019).
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MAP 4 Spatial Distribution of Organic Water Pollutant from Point Sources in Countries of the Mediterranean Basin

Organic water pollutant from point sources

Slovenia

France

" Croatia Bosniaand

=y Herzegovina

i »  Montenegro

&
e Y

® BF S 2 Vs

2 ¥ 8

i ' v S i}

- Albania Lj,\ Q L) Turkey

”_ rj& S \;‘\ -
L S A/ el
: - Greece S = A 4 U('\--
[ - [( L Syria
Malta Cyprus
. Lebanon
¢ = ’) _\\\ B,
/f ) ‘f_ ) Israel
Industrial BOD release e N
Thousand tonnes per year, 2003 Libya Egypt J
@ 01
AN 1
\ o Lol I il refining 55% Textiles 1,1%
> Food packing 33% M Pulp and paper 0.8%

Note: Note: 600 1= B el el Farming of animals 5% Manifacture of fertilizers 0,7%
Sources: LINEP Mediterranean Action Plan (MAPYMED POL Waste water treatment plants 3% i Other 0,8%

Source: UNEP/MAP, 2012.

Rising water temperatures also lead to more exten-
sive and more prolonged impacts on marine ecosys-
tems. This includes mass mortality events, in coral-
ligenous communities, but also in sponges or
mollusks. Extensive bleaching of coralligenous or-
ganisms under exceptionally warm water tempera-
tures have been reported almost every year since
1999 (see, e.g., Jiménez et al., 2016). Even though
recovery is possible, this process takes a long time
and may be inhibited by more frequent heat waves or
increasing acidity (Cramer et al., 2019).

Coastal Ecosystems

Being at the interface between land and sea, coastal
ecosystems are particularly sensitive to the impacts
of climate and environmental changes. In addition
and because of high population densities in coastal
regions around the Mediterranean, industrial activi-
ties, urbanization and tourism result in, e.g., signifi-
cant chemical pollution that strongly affects these
ecosystems (Map 4).

Coastal erosion due to sea level rise, extreme events,
sedimentation decrease, seawater intrusion in
coastal aquifers and degradation of specific habitats
(e.g., coastal dunes, coastal cliffs or coastal terrac-
es) adds to the enhanced environmental risks in
coastal regions (Cramer et al., 2019). Coastal wet-
lands, such as the Camargue (France), the Nile Del-
ta (Egypt) and other similar regions, are particularly
affected. In addition, construction activities in coast-
al regions, sand erosion and instabilities in beaches
have destructive effects on fauna and flora and, par-
ticularly, on endemic species (e.g., monk seals and
loggerhead sea turtles).

Freshwater Ecosystems and Medlterranean
Wetlands

Decreasing water levels in inland waters and lakes,
reduced river flows and deteriorating water quality
caused by climate changes and (largely) human ac-
tivities lead to severe adverse impacts on freshwater
ecosystems and Mediterranean wetlands. To enable



protection against flooding and variable stream flow,
communities and countries have engaged in building
dykes and dams, which influence freshwater eco-
systems. The responses of stream/river biota to cli-
mate change include shifts of organisms to higher
latitudes and/or elevations and subsequent changes
of community composition (Cramer et al., 2019).
Inland wetlands are particularly vulnerable to climate
change, but also to human activities, which alter
flooding regimes and affect the vital rates, abun-
dance and distributions of wetland-dependent spe-
cies. In semi-arid environments of the eastern and
southern Mediterranean, wetlands represent hot-
spots of biological diversity and productivity; how-
ever, climate change causes high risks of species
extinction if runoff decreases and the wetland dries
out (Zacharias and Zamparas, 2010).

Conclusions

As explained in the previous sections, the Mediter-
ranean region is rightly considered a climate change
hot spot when compared to other regions of the
world (Giorgi, 2006). Thus, the magnitude and ex-
tent of changes in major climatic parameters (most
notably temperatures and precipitation) exceed pre-
sent global mean values and are expected to lie
above projected mean changes in the next decades.
Drivers of these changes are diverse and numerous,
including population growth and increasing urbani-
zation, changes in land use and steadily growing
emissions of greenhouse gases, to name but a few.
When looking at future projections of climate change
in more detall, it becomes clear that despite a gen-
eral trend of increasing (summer) temperatures and
a decrease in precipitation, significant sub-regional
manifestations of these changes are to be expected
(see, e.g., Zittis et al, 2019). Impacts of these
changes are significant and have a bearing on the
occurrence, magnitude and frequency of extreme
events as well as on various environmental compart-
ments of the Mediterranean. While heat waves in the
Mediterranean Basin have been observed to occur
more frequently and at increasing duration since the
1950s, future projections indicate a significant in-
crease, particularly in countries of the eastern and
southern Mediterranean. Similar trends have been
projected for droughts, which are caused by the ex-

tended absence of any precipitation in a given re-
gion or locale. Despite its general character as semi-
arid to arid, the Mediterranean Basin has seen
multiple and severe flooding, following extreme pre-
cipitation events. Future floods are expected to be
scarcer in the southern and eastern Mediterranean
and more frequently observed than at present in the
northern rim countries.

Increasing water scarcity as a result of decreasing
precipitation and increasing demand represents the
dominant driver for many of the environmental im-
pacts of climate change in the region. Particularly
the need for additional irrigation water presents seri-
ous threats to food security in many countries and
may lead to further enhanced diversion of environ-
mental water to human use. The rich biodiversity of
terrestrial and marine ecosystems in the Mediterra-
nean is under threat as a consequence of climate
change and increasing human interference. Chang-
es in ecosystem structure and shifts in distribution
can be considered as autonomous adaptation, but
will leave their traces in the overall health and well-
being of Mediterranean ecosystems. Coastal eco-
systems, being positioned at the boundary between
land and sea, are equally threatened by climate
change impacts and the consequences of an ever-
increasing rate of urbanization in coastal regions.
Droughts and heat waves leave their traces on fresh-
water ecosystems and inland wetlands, resulting in
shifts of organisms to higher latitudes and/or eleva-
tions and affecting the vital rates, abundance and
distributions of wetland-dependent species.

It is important to understand that ecosystems are
closely interconnected and frequently react to climate
and environmental changes through synergistic feed-
back loops. Thus, to gain a more comprehensive un-
derstanding of the impacts of these changes requires
holistic, pan-Mediterranean considerations. This is
also important at a higher level, when prospective
threats to water and food security in the Mediterra-
nean are concerned. Given the role of energy genera-
tion and its related emission of greenhouse gases, on
the one hand, and the importance of energy provision
for the water and food sector as well as for an en-
hanced demand for space cooling in urban struc-
tures, on the other, understanding the nexus between
water and energy (and food) becomes obvious and
essential (see, e.g., Lange, 2019). Only if we adopt
such a comprehensive and holistic approach will we
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have a realistic chance of reducing or at least adapt-
ing efficiently to the adverse impacts of climate
change on Mediterranean communities and ecosys-
tems in the coming decades.
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