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OVERVIEW

The present document was produced in the framework of Co-Evolve4BG
project “Coevolution of coastal human activities & Med natural systems for
sustainable tourism & Blue Growth in the Mediterranean” in relation to
Threats and Enabling Factors for maritime and coastal tourism
development on a national scale. Co-funded by ENI CBC Med Program
(Grant Agreement A_B.4.4_0075).

This document constitutes the Deliverable 3.1.2.20 (Climate Change
and Morphological Stability — Murcia Scale, Spain) of the Activity 3.1.2
(Threats and Enabling Factors at localscale: Pilot Areas analysis) under
the Output 3.1 (Integrated analysis of Threats and Enabling Factors for
sustainable tourism at MED scale) of the project.
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Abstract

This report aims to identify the different threats to the morphological stability of the
Murcia coastal zones. It is developed through the review of existing data at regional
scale. The document is structured as follows:

- Section 1 provides an overview of the present climate characteristics in the
Region of Murcia.

- Section 2 focuses on coastal morphodynamics in touristic Region of Murcia
coasts.

- Section 3 focuses on reporting the trend of evolution of Pilot Area coastal.

- Section 4 summarizes impacts and risks arising from climate change in the
Region of Murcia.

- Section 5 describes the methodology and characteristics of Climate Change
and the Morphological stability parameters selected in this project.
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l. Introduction

his document is the deliverable relating to the “Climate Change (CC) and

morphological stability in tourist Areas in Murcia” which is part of the project of the
analysis of natural ecosystems evolution in relation to threats and favorable Factors for
maritime development and coastal tourism on a national scale.

In accordance with the TDRs, the objective of this deliverable is:

- to highlight the various threats related to the morphological stability of tourist
areas in Murcia.

- to provide an overview of the morphology of the area.

- to describe the phenomenon of coastalization, urbanization and the types of
tourist activities in Murcia.

The region of Murcia supports a large part of its economy in agriculture and tourism,
and these two economic pillars will be seriously affected, in the coming decades, by
climate change that does not stop. Both the rise in temperatures and the rise in sea
level water, together with the alteration of ecosystems, droughts, and shortages of
drinking water, can seriously affect our region, not only due to the social and economic
consequences, but also, due to possible human migrations and health problems.
Climate change or global warming is the most important environmental problem in the
short, medium, and long term that exists on our planet, which threatens future
generations, because of maintaining unsustainable development, whose origin is
anthropogenic, and it is irreversible. It consists of the progressive increase, in intensity
and frequency, of the meteorological phenomena of our planet.

Given the state of globalization we have reached, any measure taken in the so-called
rich countries has consequences in the rest of the world. This transboundary effect, as
occurs with pollution, is one of the main characteristics of climate change. For this
reason, inthe face of global warming, there is no room for lamentation or discouragement;
and international collaboration and solidarity is essential, both from the states that have
caused this situation, as well as from those that have contributed to a lesser degree.

Climate change transcends the barrier of an environmental problem to become, due to
its consequences, a serious social, economic, and political problem, with negative
impacts on natural and socioeconomic systems, since it can have dramatic effects on
individual, collective and community life global security.

For this reason, we must, as urgently as possible, develop the appropriate regulations,
to minimize the effects of this phenomenon, which will affect Spain more than other
countries, due to the situation, and within Spain, the Region of Murcia will be much
more vulnerable, according to the fifth report generated by the Intergovernmental Panel
on Climate Change (IPCC). But it is not enough for governments and institutions to
legislate and implement the appropriate measures to alleviate it, since citizen
collaboration is essential. The phenomenon of climate change can only be solved if
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there is a real commitment on the part of society, training people to be responsible for
their daily actions and their consumption habits, given that those who have the most do
not live better, but those who need the least.
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Il. Climate characteristics in region of Murcia

he climate that predominates in the Region of Murcia is the Mediterranean. However,

the coast and to the south, in the lee of the mountains Béticas, there is a dry
subtropical climate, it is one of the driest regions in Spain and extends through Almeria.
Altitude, orography, distance from the sea and orientation are decisive factors in defining
the existing climate varieties. The main centers of action are the polar front, which
discharges its humid air masses, and the Azores anticyclone, which dominates not only
in summer but during most of the year. The Region of Murcia is, due to its latitude, on
the verge of a Mediterranean climate and a dry subtropical climate. In winter, thermal
anticyclones appear over La Mancha that reach the region and give dry and cold
weather. In autumn, the cold drop is a frequent and active meteor, although not as
much as a little further north since the cold air in height has certain difficulties in reaching
the region. In summer the Saharan storm brings masses of warm air with a large amount
of dust in suspension.

Topography is decisive in explaining Murcia’s climatic variety. The barrier effect only
acts in the mountains when the humid easterly winds blow. The foehn effect is crucial
in the region since it is in the lee of the prevailing winds from the west, if it reaches very
dry after passing through the entire peninsula, they are responsible for the extreme
dryness of Murcia’s climate. The altitude difference between the plateau and the coast
is modest, but enough to activate the foehn effect.

The remoteness of the Atlantic means that the humid air masses from the Atlantic
barely reach the region, to the point that active fronts on their journey through the
peninsula are hardly felt in the community. However, the immediate presence of the
Mediterranean, particularly if it is hot, can reactivate these fronts. Thus, we see that the
rainiest season on the Valencia coast is autumn, with a secondary maximum in spring,
especially in the interior. On the coast, the cold drop of autumn is very active.

Temperatures present a gradient with a pattern very similar to that of precipitation; the
coolest areas are to the west and inland. They are counties that do not reach an average
annual temperature of 14°C, but in winter there is hardly a period of frost. This is an
exception because in Murcia the winters are not cold. Below is a strip that includes the
entire interior of the region with average annual temperatures between 40 and 16 °C
(Fig. 1). From here to the coast the temperature rises to 18 °C. Only in the lower basin
of the Segura do they exceed 18 °C. It is therefore a very hot region, particularly in
summer. At this time of year, the high temperatures cause a high degree of relative
humidity that gives the climate a sticky sensation, which on the coast is only relieved
by sea breezes.
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Figure 1. Evolution of average annual, maximum, and minimum temperatures in the
last 15 years in the Region of Murcia

Precipitation shows a very marked east-west pattern (Fig. 2). The maximum is found in
the western mountains and does not exceed 400 mm per year. From here the rains
descend quickly towards the valley, only broken by the singularity of Sierra Espufia. The
driest regions are inland to the north and on the coast south, where 300 mm per year
are not reached. Most of the region is between 300 and 400 mm per year. It is, therefore,
a very dry climate. Rainfall is concentrated in autumn and spring. We find up to five arid
months, from May to September. Even March, and even February, can be dry. In autumn,
the cold drop causes strong storms, since in their rotation they collide with the interior
mountains and generate episodes of heavy rainfall.
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Figure 2. Evolution of total annual precipitation of rain and/or melted snow in the last
15 years in the Region of Murcia
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Winds in the region are not usually strong, due to the mountains. The most constant are
located on the coast (sea breezes) and especially in the areas of San Javier and
Cartagena (Fig. 3). However, the west winds of the general circulation are present with
a certain northerly component since they enter after crossing Castilla-La Macha.
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Figure 3. Evolution of average annual wind speed in the last 15 years in the Region of
Murcia

The Region of Murcia is one of the areas with the most sunshine in Spain (Fig. 4). Only
for 70 days a year are the skies covered by clouds. The sunniest month is July, both due
to the absence of clouds and the long duration of the days, and the sunniest is December.
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Figure 4. Evolution of average annual sun hours in the last 15 years in the Region of
Murcia
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Relative humidity in the Region of Murcia presents great regional contrasts, but not annual
ones. On the coast, the average humidity remains between 71 and 76%, while inland it
can vary between 52 and 63%. It is very significant that on the coast the minimum is
reached in winter and the maximum in summer, while in the interior the minimum is
reached in summer and the maximum in winter. The set of these values gives the region
a strong index of evapotranspiration that supposes a permanent deficit of water (Fig. 5).
Only the mountainous areas and Sierra Espufia have more balanced values.
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Figure 5. Evolution of average rain days in the last 15 years in the Region of Murcia

The climate of the Region of Murcia presents an average annual temperature of around
20 °C. The arid conditions of the coast are intense and generalized. The Mediterranean
Sea and the proximity of the North African coasts mean that a good part of the
Mediterranean advections does not transport as much humidity as those that access
the north of the Betic mountains, due to the shorter length of the maritime route. In
addition, the southeast of the Iberian Peninsula is very sheltered from any rainfall of
Atlantic origin, so the average annual rainfall does not usually exceed 300 mm with long
dry periods and few rainy days, presenting a markedly irregular rainfall pattern.

The Region of Murcia is, together with the lower Guadalquivir, Malaga and Almeria, the
peninsular area with the most hours of sunshine per year. Coastal values range between
365 hours in August and 174 hours in December in San Javier. Looking to the future,
the evolution of the average annual temperature shows a trend towards rising
temperatures and a reduction in rainfall in the Region of Murcia. The scenarios present
an increase in temperatures of around 0.5 °C for the year 2050, which would imply a
readjustment of the biogeographic scenario (Quereda Sala et al. 2008).The coastal
sector of the study area is included in the territory limited by the 18 °C isotherm and the
300 mm isohyet, although sometimes high intensity rains occur (Diaz and Guirado,
2000), which coincide with the periods in which the boulevards carry an important flow.
The ravines of the SE peninsular have about ten days of annual water circulation
concentrated mainly in autumn, in response to precipitation.
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lll. Coastal morphodynamics in touristic region of
Murcia coasts

lIl.1. General physical characteristics of the coast of the
Region of Murcia

he Region of Murcia is located southeast of the Iberian Peninsula, forming part of

the Mediterranean coast. Its coastline (Fig. 6) extends from El Mojén beach in the
north, which borders the province of Alicante, to Punta Parda in the southwest, bordering
the province of Almeria, totaling 258 km of Mediterranean coastline that represents
slightly more than 3% of the Spanish coastline, to which must be added the 73 km of
Mar Menor coastline.
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Figure 6. Coastal area of the Region of Murcia

The coastal area of South-Eastern Murcia has undergone major changes since the
middle of the last century. The evolution of coverage is mainly related to the evolution
of the land use from traditional to modern agriculture. Most of the food from the beaches
of Murcia comes from the contributions of the ephemeral channels called “ramblas”, so
that changes in the watersheds associated with coastal areas have direct implications
on the coast. Most of the coastal systems of the Region of Murcia show erosive trends.
There is a relationship between changes in land use and coastal erosion. On the south
coast, the evolution from traditional to modern agriculture has decreased sediment
contributions to the ramblas, which are the main source of sandy beaches. The Region
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of Murcia has a large area of Posidonia oceanica, which plays a fundamental role in
coastal dynamics. Expectations of sea level change because of climate change have
great uncertainty depending on the scenarios.

From a geological point of view, the Region of Murcia is included in the lithological-
structural domain of the Betic Cordilleras. In the coastal zone, three tectonic complexes
belonging to the Internal Zones of this mountain range outcrop, differentiated by the
degree of regional alpine metamorphism experienced (Martin-Algarra et al., 2000):
Malaguide (formed by limestone, dolomite, and sandstone), Alpujarride (limestone,
dolomite, mica-schist, and volcanic rocks) and Nevado Filabride (schist, slate, and
quartzite). Among the mountainous reliefs associated with these units appear a series of
depressions and coastal plains, where Neogene materials (marls, clays, sandstones, and
conglomerates) and Quaternary alluvial mantles (silts, clays, and gravels) accumulate.

From a geomorphological point of view, three large sectors can be distinguished on the
Murcia coast: two Mediterranean and the Mar Menor lagoon. There is a contrast
between the northern and southern sectors of the coast of the Region of Murcia that is
also reflected in the continental shelf. From Cabo de Palos to the south its width is
reduced (between 6 and 10 km), on the contrary, from Cabo de Palos to the north it is
a well-developed platform that widens to a maximum of 32 km.

e Northern Sector

To the north of Cabo de Palos, and up to the northern limit, the orientation of the coast
is north-south, it is constituted by the barrier island-lagoon system of La Manga del
Mar Menor, characterized by the presence of continuous and wide sandy beaches, as
well as the dune complex of the Regional Park of the Salt flats and sandbanks of San
Pedro del Pinatar (Bardaji et al. 2011).

La Manga del Mar Menor appears as a shallow sandy overlay formed by coastal
transport, on a lithological substrate. The scarce development of the foredune in most
of the coast of the Region of Murcia has conditioned the development of dunes. There
are three places with the presence of dune fields, the Salinas Regional Park and Arenales
de San Pedro del Pinatar, La Manga del Mar Menor and the Calblanque Regional Park,
all located in the easternmost part of the coast of the Region of Murcia.

e Southern Sector

The southern sector, from Punta Parda to Cabo de Palos, has a complex geological
structure that is mainly conditioned by the eastern foothills of the Baetic systems that
manifest themselves with the presence of humerous mountain ranges near the coast
with a SWNE orientation, until submerging in the Cabo de Palos salient. This relief has
shaped a unique orography characterized by a series of valleys, corridors, and
intermediate depressions, both coastal and pre-coastal, that determine a coastal strip
highly compartmentalized by coastal basins with ephemeral channels, systems of their
own throughout the southeast of the Iberian Peninsula (Segura-Beltran and Sanchis-
Ibor, 2013), in which water circulation only occurs under conditions of high intensity or
magnitude precipitation. The southern sector can be divided into two parts:

Climate Change and Morphological Stability
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- To the west between Cabo de Palos and Cabo Tifioso, and with a west-east
orientation, it is characterized by an alternation of rambla-delta systems and
coves, separated by cliffs.

- From Cabo Tifnoso to Punta Parda, with a northeast-southwest orientation,
although it has coves and embedded beaches, it is characterized by the
presence of more extensive beaches open to the waves.26.19% (67.6 km) of
the coast correspond to high cliffs (more than 20 m high), 11.82% (11.82 km) is
medium cliff (between 2 and 20 m high), 6.55% (16.9 km) is low rocky coast
(less than 2 m high) and 32.62% (84.2 km) are beaches (Marinas et al. 2015).

The seabeds are the portions of land that remain under the waters of the sea. On the
coast of the Region of Murcia there are 4 types of well-differentiated seabeds (Fig. 7):

- Sand bottoms: medium-sized materials (between 0.05 and 2 mm) eroded
transported by the wind, by the coastal dynamics.

- Mud bottoms: silt and clay. They are infrequent since, due to their small size
(0.05 mm or less), once they cross the shoal depth it is difficult for them to
return to the shallows.

- Gravel bottoms: Coarse-sized materials (more than 2 mm) that form near rock
formations.

- Rocky seabed: seabeds of a geological nature made up of outcrops.
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Figure 7. Seabed of the coast of the Region of Murcia
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The differences between the size of the seabed materials of the coast of the Region of
Murcia are related to the bathymetry and the type of coast from which they come (Fig. 8).
In the north, the bottoms are composed mainly of sandy materials, because the width of
the platform allows offshore transport, in the rest of the Region, the scarce platform
makes the presence of silt stand out a short distance from the coast. In coastal areas
near the coast and near the mouth of the boulevards, the presence of coarser materials
increases. The rocky bottoms are related to failed reliefs, although they can outcrop in an
isolated way. On the coast near Portman, 33 million m® of mining tailings rich in heavy
metals accumulate, originating from the dumping of mining tailings directly into the sea
and dragging along the ravines of erosion in the mining swamps (Charton, 2006).
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Figure 8. Bathymetry seabed of the Region of Murcia

l11.2. Costal evolution in Murcia

In the last century the coastal zones have undergone considerable development and
the coastal hazards incidence has significantly increased. The coastal zones are
exposed to flooding and coastal erosion processes, and are highly vulnerable to extreme
events, such as storms or tsunamis, that can cause significant losses.

Murcia has a high overall vulnerability to flooding and erosion. Nevertheless, vulnerability
varies depending on the area. As to the problem of erosion, the Mediterranean coast is
said to be most at risk. In Spain, the total coastline subject to erosion is 11.5% or 757
km. The most vulnerable regions in this respect are Andalucia with erosion along 41%
of its coastline, Catalufia with 33% and Valencia with 26% despite these regions having
defensed works and artificial beaches along 25% their coastline.
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Long-term rates of erosion condition the potential impacts of an expected sea level rise
(and regardless of magnitude of this) in the sense of at higher rates of negative erosion
greater vulnerability and greater positive erosion rates, less vulnerability. Erosive
processes in Murcia coast have undergone significant changes between 1956 and
2013, and currently about 40 km of the Murcia coast is eroded, while about 120 km is
stable (Fig. 9).

Characterization of the
coast (Km)

Figure 9. Characterization of Region of Murcia coast evolution

The data obtained through transects in the period show an erosive trend of the coast of
the Region of Murcia (Fig. 10). In general, all coastal systems are affected by erosion.
The Cabo de Palos-Cartagena Coastal System is the least affected section. The urban
beaches of the municipalities of Aguilas and Mazarrén have been restored through
actions.

Marinas et al. (2015) demonstrated significant changes with high spatial and temporal
differences between the cities of Aguilas and San Pedro del Pinatar (Fig. 11). These
changes are mainly related to transformations in land use from the 80s from the last
century, from traditional agriculture to modern agriculture which have resulted in
reduced sediment yields that contributed to the coastal system in the region. The uses
and watershed hydrology of the southern region are those that have experienced the
biggest changes what has translated into big losses of beach surface.
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Figure 10. Erosive trend of the coast of the Region of Murcia
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Figure 11. Annual rate of loss of beach area of the beaches from Cartagena,
Mazarrén (Nut 3: Murcia Regidn) for intervals 1956-1981, 1981-2013 and 1956-2013
(Modified from Marinas et al. (2015))
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IV. Climate change in region of Murcia: impacts and
risks

limate change is an unequivocal reality in Murcia, confirmed by a wide range of
observations. Among the features that characterize the change already observed in
our region, the following are of note:

- Increase in temperatures: The average temperature in Murcia has increased by
around 1.7°C since pre-industrial times. The rise in temperature has been particularly
intense during the last decade, which is consistent with the fact that the warmest
years have mostly been recorded in the 215t century. In addition, a large portion of
historical maximum temperature extremes have been concentrated in the last
decade.

- Longer summers: The rise in temperature has been particularly significant in the
summer. In addition, according to Meteorology Statal Agency (AEMET) data, the
summer has lengthened by an average of nine days per decade. Specifically,
summers now are almost five weeks longer than at the beginning of the 1980s.

- Increase in torrid nights: Torrid nights, defined as those with a minimum
temperature equal to or above 25 °C, have increased tenfold since 1984 on the
Murcia coast.

- Increase in the number of heat wave days: According to data provided by AEMET,
since 1984, the number of days per year exceeding the heat wave temperature
thresholds has doubled, while cold episodes have been reduced by 25%. In
addition, heat waves recorded in June, when they have the greatest impact on
health because the body is not yet acclimatized to the heat, are now 10 times more
frequent than they were in the 80s and 90s of the 20"centuries.

- Decrease in precipitation: The overall amount of precipitation has declined
moderately, but significant changes are occurring in the annual distribution, with a
trend towards earlier spring rains and less summer rainfall.

- Decrease in average river flow: The analysis of the evolution of the flow of Spanish
rivers with a semi-natural regime shows that, in the period 1966-2005, there has
been an average decrease in flow of -1.45% per year. For most rivers, the reductions
are concentrated in spring and summer.

- Expansion of the semi-arid climate: comparing the Spanish climate maps for the
period 1961-1990 and the period 1981-2010, AEMET calculates that, in peninsular
Spain, the territories with a semi-arid climate have increased by some 30,000 km?,
around 6% of Spain’s surface area. The most affected areas are Castilla-La Mancha,
the Ebro valley, and the Region of Murcia.
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Increase in marine water temperatures: Surface water temperature has risen in
all Spanish marine regions. In the case of the Murcia, the increase has been 0.34°C
per decade since the early 1980s, according to daily records obtained by the
Mediterranean Center for Environmental Studies (CEAM, in Spanish) between 1982
and 2019. The series of data obtained in L’Estartit (Girona) from 1974 onwards
which includes records at different depths, shows that the temperature is increasing
significantly at all levels studied.

Rise in sea levels: Sea level rise has been particularly marked since 1993 in the
Strait of Gibraltar, the Canary Islands archipelago, as well as along the Atlantic
coast. However, there is greater uncertainty regarding the mean sea level in the
Mediterranean due to regional effects.

Acidification of marine water: The pH of marine waters has decreased by about
0.1 units over the last century, an acidification that has been more noticeable in
surface waters, in contact with the atmosphere, than in deeper waters.
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V. Future trends in region of Murcia

he regional projections for Spain, made based on the climate models used in the
IPCC'’s Fifth Assessment Report (Fernandez et al. 2017). A, show future trends that
essentially represent a deepening of the evolution already observed:

- Increase in maximum and minimum temperatures: The increase is clear and
progressive throughout the 215t century, higher in summer and for the highest
emission climate change scenario. Maximum and minimum temperatures in
summer and autumn show a more intense increase than those in winter and
spring, with greater warming in inland and eastern areas than in the north of the
peninsula.

- Greater number of warm days: There is a progressive increase in the number of
warm days throughout the 21t century for all scenarios analyzed, both in
mainland Spain and in the Balearic and Canary Islands. By the end of the 21t
century, in mainland Spain, the proportion of warm days is expected to increase
by almost 50% (with a range between 34% and 58%) for the highest emission
scenario (RCP8.5), while for the stabilization scenario RCP4.5, the increase will be
around 24% (with a range between 14% and 31%).

- Increase in the duration of heat waves: The variations in this index do not have
the same magnitude in all places in Spain. The smallest changes would occur in
Galicia, communities of the Cantabrian coast and La Rioja, and the greatest
changes in the communities of eastern Spain, such as the Region of Murcia, the
Balearic Islands and, particularly, the Canary Islands.

- Moderate decrease in precipitation: Precipitation tends to decrease in most
parts of Spain, with greater decreases in the SW quadrant of the Peninsula and
the archipelagos. Slight decrease in cloudiness: Cloudiness shows a slight
decrease throughout the 215t century for the highest emission scenario, except in
the north and the Mediterranean region in winter.

- No change in extreme winds: In general terms, no significant changes are
projected in extreme winds over the Iberian Peninsula, except for a slight
decrease in the 50-year return value in the northwest of the peninsula in summer
in the medium (2041-2070) and long term (2071-2100).

- Rise in mean sea level: In the short term (2026-2045), the models project, in the
upper band, relatively uniform values for the entire Spanish coast, between 17
and 25 cm depending on the scenario.
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Increase in sea water temperatures: Models indicate that seawater temperatures
in the uppermost layer will continue to rise, with the largest increases projected
towards the end of the century and for the highest emission scenarios (Representative
Pathways of Concentration, RCP 8.5). Increases are projected to be particularly
high in the Mediterranean waters, where increases of up to 4 °C in the mean values
over the period (2081-2100) are projected compared to the base period (1985-
2005). These increases in projections are associated with a higher probability of
extreme temperatures and marine heat waves.

By entering data derived from climate change projections into hydrological models, the
main water cycle trends identified are as follows:

Increase in evapotranspiration: Potential to occur across the whole of Spain,
increasing in higher emissions scenarios and as the century progresses.

Decrease in average river flow: The Centre for Public Works Studies and
Experimentation (CEDEX, in Spanish) study projects decreases for most basins,
which are greater as the century progresses and in higher emissions scenarios.

Decrease in aquifer recharge: A recent study carried out by the European
Commission estimates that, for a global warming of 2 °C, the recharge of aquifers
in Spain could be reduced by 3,272 hm?3/year, which would be equivalent to 15% of
the amount of water extracted annually from rivers and aquifers for irrigation
puUrposes.

Increase in droughts: Climate projections show a future in which droughts will be
longer and more frequent, with this effect becoming more pronounced as the 21
century progresses.

Torrential rainfall and floods: The reduction in mean annual rainfall is not
necessarily linked to a reduction in extremes and, in fact, episodes of torrential
rainfall and flooding are expected to increase in some areas. Due to the short
duration of torrential rainfall, they do not favor the recharge of aquifers, reducing
their regulating effect on the hydrological cycle.
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VI. Impacts and risks arising climate change in region
of Murcia

he climate change trends described above cause, in turn, a series of effects on
Murcia ecological systems and economic sectors. The following are of note:

- Reduction in water resources: Changes in the natural water cycle affect the
quantity and quality of available water resources, with implications for agriculture
and livestock, urban supply, hydroelectric production, and ecosystems, particularly
affecting, in the latter case, ecological processes, species and habitats linked to
aquatic ecosystems.

- Impacts on fauna and flora and other elements of natural heritage: Local
changes in climate translate into demographic, phenological and behavioral
changes in wild species, which, in turn, affect the interactions between them,
including uncoupling in the biological rhythms of interdependent species. Climate
change also produces changes in external geodynamic processes, which can
directly affect elements of geological heritage.

- Changes in the distribution of land and aquatic species: Climate change causes
a shift in the distribution of species to habitats with a more favorable climate. This
occurs for land animal and plant species and for those in inland or marine waters.
In the latter, the displacement of species at the base of the food chains also means
a displacement of the species that feed on them.

- Expansion of invasive alien species: Climate change also allows for the potential
colonization of our territory by invasive alien species or the expansion of the distribution
area of those already present. These changes include, for example, the increase in
the distribution areas of species that act as vectors of disease transmission. Alien
species can also displace native species, threatening their stability.

- Deterioration of ecosystems: The changes lead to a loss of diversity and resilience
of ecosystems, resulting in a decline in the contribution of nature to human well-
being through its ecosystem services. These include regulating services (pollination,
climate regulation, regulation of air quality and water quantity and quality, protection
against hazards and soil formation), material goods (food, energy, raw materials,
and medicinal resources) and non-material goods (learning and inspiration,
psychological well-being, and identity).

- Increased risk of wildfires: Aspects such as drier soil and higher temperatures
increase the risk of forest wildfires, making conditions conducive to large wildfires
more frequent. - Increased risk of desertification: A study carried out within the
PNACC framework analyzed the impact of climate change on the risk of
desertification in Spain. Considering the combined effects of the evolution of aridity
and erosion, the study revealed that, by the end of this century, the area at risk of
desertification would increase for all the established categories, with the greatest
projected change being in the very high (+45%) and high risk (+82%) categories.

Climate Change and Morphological Stability

17

Murcia Scale, Spain




%€ ENI

oject funded by the
EUROPEAN UNION

Impacts on human health: Climate change affects the health of the Spanish
population through its direct effects — heat waves and other extreme events, such
as floods and droughts — but also through indirect effects (increase in atmospheric
pollution and aeroallergens, change in the distribution of disease-transmitting
vectors, loss of water and food quality). In the case of the Canary Islands, the
possible eastward displacement of the Azores anticyclone would weaken the trade
winds, favoring the arrival of African winds and the advection of Saharan dust.
Despite the trend towards higher temperatures, mortality attributable to heat waves
in Spain has undergone a significant decline in the period 2004-2013 compared to
the previous two decades. The impact of the heat wave in the summer of 2003 and
the implementation, in the following year, of the National Plan of Preventive Actions
for the Effects of Excess Temperatures on Health could have acted as a catalyst for
this change in trend. On the other hand, the COVID-19 pandemic has raised
awareness of the close interrelationships between environmental transformation
and the emergence of new diseases. The World Health Organization has been
warning for some time that climate change may facilitate the emergence of new
epidemic diseases or increase their transmission, highlighting the need to address
threats to human health that are not yet precisely known.

Impacts on the agricultural sector: Agriculture, livestock and forestry are sectors
closely dependent on climate and soil. The impact of climate change varies
according to factors such as geographical location and sub-sector (type of crop or
livestock). However, in general, the increase in temperature will increase water
stress, decreasing the production of some crops. In addition, changes in seasonality
and climate variability will have a significant effect on yields and, foreseeably, on
the quality of agricultural, livestock and forestry products. Soil degradation and
desertification will limit the space potentially suitable for certain crops. Also, a
higher potential impact of extreme weather events is expected, which will be more
frequent and virulent. This is coupled with a greater occurrence of extreme
phenomena and the emergence of new pests and diseases in both crops and
animals. Excessive heat has animpact on animal welfare, with negative repercussions
on production. In some areas, loss of pasture productivity is another factor that
may have a negative impact on livestock utilization. Finally, it should be noted that
the alterations resulting from climate change also affect fish, shellfish, and
aquaculture resources.

Impacts on tourism: Climate change affects the tourism sector through three
complementary channels: the impact on certain key resources that support the
sector (elements such as snow or coastal sand are key resources in snow and sun
and beach tourism, respectively), the impact on tourism infrastructure (for example,
those located along the coastline, such as seafront promenades) and impacts on
tourism demand itself (for example, excessive summer heat limits demand for
urban tourism in areas subject to high summer temperatures). On the other hand,
better conditions in countries of origin may lead to reductions in destination
demand, which is important for Spain, as a major recipient of international tourism.
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- Loss of coastal resources: Sea level rise and the increased destructive power of
coastal storms produce diverse impacts on the coastline, including shoreline retreat
and changes in the sediment and erosion regime, with effects on coastal ecosystems
such as sand flats, deltas, and estuaries, but also on infrastructure and the built
environment.

- Changes in energy production and consumption: Climate change and climate
variability have impacts on different components of the energy system, affecting
energy resources (for example, changes in the availability of wind, sun, or water),
the generation, transport, distribution, and storage of energy, as well as consumption
patterns. In the latter, changes include a reduction in consumption associated with
heating, but an increase in consumption associated with cooling, with an estimated
14% increase in cooling degree days per decade in the period 2010-2049.

- Loss of functionality of transport infrastructures: The vulnerability of
infrastructures to current and future climate-related adversities is diverse. For
example, a questionnaire sent to all state-owned port authorities identified wind
and waves as the climate-related variables that have the greatest impact on port
operations, capable of paralyzing activity in most ports. On the other hand, a study
carried out by CEDEX has identified the sections of the State Road Network and
the General Interest Railway Network that are potentially most exposed, identifying
the types of events that most frequently affect the different sections of the network
and their repercussions on users and infrastructure.

- Social changes: Climate change has an impact on the specific features of social
systems, both interms of the implications of its direct impacts and the consequences
of the adaptation measures applied to deal with them. These impacts are related to
aspects such as the economy and work, culture, heritage and identity values,
governance, population distribution in the territory, social cohesion, conflicts
associated with the use of natural resources, social inequality, including gender
inequality, and other aspects of social nature.

- Impacts on cultural heritage: Some of the effects of climate change on cultural
heritage are already visible: many buildings located near the coast are affected by
rising sea levels — coastal batteries, fortifications, industrial fishing complexes —;
fluctuations in the water table affect the structural stability of buildings of historical-
cultural interest and the increase in temperature together with the effects of
atmospheric pollution lead to an increase in physical, chemical and mechanical
erosion processes. Furthermore, considering cultural assets in all their dimensions,
the alterations in cultural landscapes, practices, knowledge, and rituals associated
with agricultural economic activities and traditional ways of life because of increased
desertification, floods and extreme events cannot be forgotten. Looking ahead, in
general, the potential impacts of climate change will be more severe in the higher
emissions scenarios and as the 215 century progresses.
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VII. Climate change and morphological stability
parameters

VIl.1. GIS database

eographic Information System (GIS) is applied to computer systems aimed at

managing spatial data that visually allow us to analyze, manage and interpret
geographic data. The methodology of this study has consisted of searching and
processing shapefile layers, and their subsequent analysis GIS. Shapefile layers have
been downloaded from official national statistical platforms (Ministry for the Ecological
Transition and the Demographic Challenge, MITECO) and from European platforms
such as the European Marine Observation and Data Network (EMODnet). The Spatial
Reference System has been the ETRS89 datum with UTM projection in the 30 North
zone, with EPSG code: 25830. In addition, they are based on official statistical platforms
or rigorous studies, which guarantee the soundness of the information expressed. The
GIS results were expressed by NUTS administrative boundaries from EU (EUROSTAT
https://ec.europa.eu/eurostat/web/products-manuals-and-guidelines/-/ks-
gg-20-092). The NUTS classification subdivides the economic territory of the EU
Member States into territorial units (regions; Fig. 12). The classification is made up of
three hierarchical levels: each Member State and the UK are divided into NUTS 1
regions, which in turn are subdivided into NUTS 2 regions and then divided further into
NUTS 3 regions. Each of these regions is allocated a specific code and name. Since
several different regions within Europe have the same name, a distinction has been
made by adding to each of these the abbreviation for the country concerned.
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Figure 12. Spain and Region of Murcia (EUROSTAT https://ec.europa.eu/eurostat/
web/products-manuals-and-guidelines/-/ks-gg-20-092)

VIl.2. Data Records

The developed Spanish Mediterranean coastal database described in this report is
available through the repository of results. We have included a csv file with all the
information at Nuts 3 level into the repository. The database will be updated and
expanded as new and improved data become available. The database presented here
has been created using several publicly available datasets, which are thoroughly
documented and described in reports or scientific articles (Table 1). Thus, these datasets
have undergone rigorous quality controls and/or validation. In addition, for those
parameters where consistent information for the studied area did not exist, new datasets
were generated.

VIL.3. Climate Change and Morphological stability
parameters

A panel of external experts and the working group at the Mediterranean level of the Co-
Evolve4BG project has selected the following parameters of Climate Change and
morphological stability, which will be analyzed at the Pilot Area Scale (Table 1). In the
supplementary material is located the excel table with the values of the parameters
selected at the level of Murcia.
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Table 1. Climate Change and Morphological stability parameters

Parameters Variable Description Source
Coastal erosion is the loss | ® Co-Evolve project:
or displacement of land, or https://co-evolve.interreg-med.eu/
Erosion (km) | the long-term removal of | e CEDEX:
sediment and rocks along | [] http://www.cedex.es/CEDEX/LANG
the coastline CASTELLANO/DOCU/PUBLICACIONES/
® Co-Evolve project:
Coastal stable is the lack of https://co-evolve.interreg-med.eu/
Stable (km) loss or dislplac?ement of | e cEDEX
Coastal an http://www.cedex.es/CEDEX/LANG
evolution CASTELLANO/DOCU/PUBLICACIONES/
® Co-Evolve project:
https://co-evolve.interreg-med.eu/
L ® CEDEX:
Progradation zfr(zﬁreags:sc;ﬂrlzggftﬁ;?\gm http://www.cedex.es/CEDEX/LANG
(km) into the sea over ime CASTELLANO/DOCU/PUBLICACIONES/
® Junta de Andalucia:
http://www.juntadeandalucia.es/
medioambiente/site/rediam/
® CEDEX:
Coastal http://www.cedex.es/CEDEX/LANG
oasta i CASTELLANO/DOCU/PUBLICACIONES/
erosion rate Rate of erosilon process by :
L (mm/year) me ® Junta de Andalucia:
Characterization http://www.juntadeandalucia.es/
of the coast medioambiente/site/rediam/
(dynamics)
Coastal ® CEDEX:
Aggregation | Rate of aggregation process http://www.cedex.es/CEDEX/LANG
rate (mm/ by time CASTELLANO/DOCU/PUBLICACIONES/
year) ® Elaboration by the authors
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Type of coastline

Water
temperature

Sea Level Rise

Atmospheric
temperature

Rocky (km)

Intertidal area of seacoasts
where solid rock
predominates

o Wolff et al. 2017

Sandy (km)

cliff (km)

Dune (km)

Coastal
marshes (km)

Mean water
temperature
(°C)

Water
temperature
rising (°C/
Year)

Max Sea Level
(cm NGT)

Sea Level Rise
(cm/Year)

Atmospheric
temperature
(°C)

Atmospheric
temperature
rise (°C/Year)

Sandy shores or beaches
are loose deposits of sand,
including some gravel or
shells, that cover the
shoreline in many places

It is steeply sloping surface
where elevated land meets
the shoreline

It is a landform composed
of wind-driven sand.

It is a coastal ecosystem in
the upper coastal intertidal
zone between land and
open saltwater or brackish
water that is regularly
flooded by the tides

Current average annual
value of sea water
temperature

Rate of sea water
temperature rising per year

Current maximum sea level

Sea level increased in one-
year time. Satellite
altimetry data provides
accurate measures for a
limited time range
expressed in cm/y

Current average annual
value of atmospheric
temperature

Rate of atmospheric
temperature rising per year

® Elaboration by the authors

o Wolff et al. 2017

® Elaboration by the authors

o Wolff et al. 2017

o Wolff et al. 2017

® AEMet:
http://www.aemet.es/en/portadaet al.

® GHRSST:
https://www.ghrsst.org/
® Sakalli, 2017

® Pastor et al. 2017

® AEMet:
http://www.aemet.es/en/portadaet al.

® AVISO:
https://www.aviso.altimetry.fr/en/
data/products/ocean-indicators-
products/mean-sea-level.html
(accessed 27.01.2021).

® Puertos del Estado :
http://www.puertos.es/es-es

® AVISO:
https://www.aviso.altimetry.fr/en/
data/products/ocean-indicators-
products/mean-sea-level.html.

® Puertos del Estado :
http://www.puertos.es/es-es.

® AEMET:
http://www.aemet.es/en/portadaet al.

Institutd’Estudis Catalans, 2017

® Giorgi and Lionello, 2008
AEMET:http://www.aemet.es/en/

portadaet al.
® |nstitutd’Estudis Catalans, 2017
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VIIl. Conclusions

In this report we present the main morphodynamic characteristics of the Murcia coast
and the potential changes associated with climate change. The beaches of the Region
of Murcia present a great variety of modal states. On the north coast, dissipative and
intermediate morphodynamic states predominate, due to the presence of smaller
diameter sediments, while on the south coast, characterized by a more pronounced
bathymetry, reflecting and intermediate beaches are frequent.

Annual longitudinal sediment transport models show large differences in sediment
volumes but show similar monthly trends.

Most of the coastal systems of the Region of Murcia show erosive trends at specific
points. In general, the areas most affected by the setback of the coastline are located
between the border between the Region of Murcia and Cabo de Palos (North Coastal
Systems and La Manga del Mar Menor) and between Cabo Tifoso and the regional
border with Andalusia (coastal systems of the Ensenada de Mazarron; Villalba, Pastrana
and Ramonete boulevards; Marina de Cope and Aguilas). The coast located between
Cabo de Palos and the Bay of Cartagena is affected by erosion.

There is a relationship between changes in land use and coastal erosion. On the
southern coast, the evolution from traditional to modern agriculture has reduced the
supply of materials to the ravines, which constitute the main source of sediment on the
beaches. The occupation of the coastal ravines for these uses has also notably reduced
their transport capacity. In La Manga del Mar Menor, urbanization processes have
sealed off most of the dunes, preventing the functioning of the beach-dune systems.

The coastal works have had a very strong impact on the coastal dynamics. On the
urban beaches of Mazarrén and Aguilas, the refraction of the waves caused by the
free-standing dikes has increased the surface of the beaches. The ports have cut off
the longitudinal transport of sediments. In this way, there has been an accretion on the
beaches located to barlotide at the expense of the beaches located in the lee, which
have been affected by coastal erosion.

The Region of Murcia has a large area of Posidonia oceanica meadows, which play a
fundamental role in coastal dynamics. The most prolific areas of this seagrass are found
in the northern coastal systems, La Manga del Mar Menor and Cabo de Palos-
Cartagena.

The expectations of sea level change because of Climate Change present great
uncertainty, depending on the scenarios. In the region of Murcia, the most affected
areas are located between the limit of the Valencian Community and Cabo de Palos,
due to the low slope of the beaches. The presence of urban areas increases the degree
of vulnerability of La Manga del Mar Menor.
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