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Abstract: In recent decades, coastal areas have experienced a progressive increase in erosion and
flooding processes as a consequence of the combined effect of natural factors and strong human
pressures. These processes are particularly evident on low-lying areas and are expected to be
exacerbated by the ongoing climate change, which will impact the littorals both in the short term,
by affecting the duration and frequency of storms, and in the long term, by inducing variation in
the sea-level position. In this context, this Special Issue is devoted to collecting geomorphological
studies on coastal dynamic and evolution by means of multidisciplinary research methodologies
and investigations, which represent a very useful set of information for supporting the integrated
management of coastal zone. The volume includes 14 papers addressing three main topics (i) shoreline
characterization, dynamic and evaluation; (ii) coastal hazard evaluation and impact assessment
of marine events; and (iii) relevance of sediment collection and analysis for beach nourishment.
Case studies from Russia, Italy, California (USA), Morocco, Spain, Indonesia, Ireland and Colombia
are shown in the Special Issue, giving to the reader a wide overview of coastal settings and
methodological approaches.
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1. Introduction

The present-day coastal landscape is essentially the result of the interaction among different factors,
including the geological frame as well as continental and marine factors. The geological frame includes
stratigraphic and tectonic assets of an area and usually determines the formation of cliffed coastlines
or low coastal plains. Coastal plains show different landforms whose formation and evolution is
strongly linked to continental and marine factors as sediment supplies from the land (e.g., streams
and rivers) and the ocean (due to marine and aeolic processes), and the destructive action of marine
energetic factors such as waves and currents. In the long term, sea level position variations acquire
great importance in landscape formation and evolution [1,2]. As a result of the above-mentioned
processes and factors, the coastal area shows a great variety of morphological forms ([1,3] Figure 1).

Furthermore, the coast, because of its location at the interface between land and water, represents
the transitional zone between aquatic and terrestrial ecosystems and hence presents an intrinsic
environmental value due to its high level of biodiversity that, at many places (e.g., at coastal areas with
mangrove swamps and dune areas), supports the provision of several ecosystem services and related
functions essential for human well-being too [4,5]. Last, coastal area represents a zone for recreational,
cultural and industrial activities [6]. Hence, since ancient times, the coastal zone was characterized by
a very high human occupation and, at present, coastal areas have become more densely populated
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than the hinterland and exhibit higher rates of population growth and urbanisation. Various studies
estimated the population living in the coastal zone, and the most recent data show that about 10% of
the world’s population (ca. 600 million people) lives in low elevated coastal areas [7] and, according to
Neumann et al. [8], this trend is expected to increase. Specifically, in their study [8], projections for
coastal population densities under different economic and development scenarios for the year 2030 and
2060 were evaluated and then compared with the population abundance in 2000. The mentioned study
also predicted that, under the “worst conditions” scenario characterized by low political governance
and high global economic growth, an increase in population from 625 million (in 2000) up to 949
and 1388.2 million people could be expected in 2030 and 2060, respectively. In view of the high
social, economic, and natural characteristics and related benefits, the sustainable conservation of
coastal areas, as well as their integrated coastal management, are a worldwide issue [9]. To these aims,
the 2030 Agenda for Sustainable Development defined, among the newly established 17 Sustainable
Development Goals (SDGs), a specific one on the conservation and sustainable use of the oceans, seas
and marine resources (SDG 14) [10]. Two specific targets of this goal (14.21 and 14.52) are devoted to
address coastal areas and related ecosystems. Further targets under SDG 14 as well as targets under
other goals, though not explicitly referred to coastal areas, are implicitly relevant for coastal areas
and for the protection, conservation and management of coastal ecosystems and resources [9]. In this
context, a crucial role is played by sensitivity/vulnerability and risk analysis studies, which allow for
the evaluation of coastal proneness to hazardous processes such as erosion, flooding, and submersion,
as well as potential coastal resilience capacity at global [11-13], regional [14-18] and local [19-24] levels.
A key element in the risk evaluation procedure is represented by the assessment and damage evaluation
of the natural and anthropic assets located in the areas prone to be affected by marine processes.
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Figure 1. Examples of common coastal landforms. Source: authors.
2. Coastal Dynamic and Response Modalities

The strong link between forms and processes is the main characteristic of the coastal
morpho-dynamic system [25]. As already introduced, the evolution of a sandy coastline is a function of
highly dynamic processes acting at different spatial and temporal scales. Concerning coastal processes
that occur at small scales, as in the case of storms, they generally result in rapid erosion (at a time scale
of hours/days), followed by accretion that usually takes place during weeks and months, leading to
negligible net change over time scales of a few months or at an annual scale [11]. Coastal changes due to
the impact of hurricanes are also rapid, but recovery can take a long time, e.g., years [26]. On the contrary,
if a consistent reduction of sediment supply occurs and persists for several years (i.e., at a medium-term
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time scale), chronic erosion processes are triggered, with consequent negative impacts on natural and
anthropic assets (Figure 2). It is worth noting that, in recent times, coasts are particularly exposed to
the consequences of intense erosion process mainly induced by human-related activities, both along
the littoral and inland in the main watershed, which represents an additional pressure on the natural
occurrence of the erosion process. Anthropic structures built along the shores of the world age back
to ancient times and include different kinds of structures, such as harbours, breakwaters, and fish
tanks. Nowadays, they are widely used as geo-archaeological proxies for measuring relative sea-level
variations and coastal landscape evolution during the mid-late Holocene [27-31]. In more recent years,
anthropic structures are mainly represented by engineering structures aimed at protecting coastal
assets (both natural and anthropic) from erosion and flooding processes. Too often, these structures
have generated increasing erosion processes in the adjacent zones, moving downdrift the problem
without solving it and the generating causes [32-35].
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Figure 2. Examples of chronic erosion along low coastal areas in Italy and Colombia. Source: Giorgio
Anfuso, Angela Rizzo, Gianluigi Di Paola.

As a result of natural processes and human influences/actuations, coastal areas are facing intense
erosion worldwide [11,36,37]. A qualitative study published at the beginning of 1980s [38] provided an
assessment of erosion rates for sandy beaches at the global scale. It was estimated that 70% of them are
eroding. More recently, Luijendijk et al. [11], based on the available optical satellite images captured
since 1984, have provided a quantitative overview of the state of the world’s beaches. Twenty-four
percent of the world’s sandy beaches are eroding at rates exceeding 0.5 m/y, and about 7% of the
beaches experience erosion rates that can be classified as severe with rates up to 5 m/y. Furthermore,
erosion rates exceed 5 m/y along 4% of the sandy shoreline and are greater than 10 m/y for 2% of the
global sandy shoreline.

Concerning changes at large spatial and temporal scales, coastal environments shift landward
or seaward as a consequence of marine transgression or regression, which cause the submersion or
the emersion of coastal landforms, respectively. Conceptually, different geomorphological coastal
responses can be identified as overall consequence to the combined effect of sea level changes and
sedimentary processes along low-lying areas: (i) coastal submersion/rapid shoreline retreat is observed
when sea level rise rates are very high and it is not balanced by sedimentary processes; (ii) coastal
erosion/shoreline retreat is observed when the sea level rise rates are high and sedimentary processes
allow the development and the adaptation of the coastal environments; (iii) coastal equilibrium is
observed when sedimentary processes balance the sea level rates and the system is characterized
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by a dynamic equilibrium and (iv) and coastal progradation/shoreline advance is recorded when
coastal sedimentary processes prevail on the sea level rise rates. This phenomenon is considered
a marine regression.

The variation in the sea level position is not the only impact of climate change. It also affects the
frequency, intensity, and persistence of climate extreme processes (such as storms, precipitations, etc.),
with consequent impact on the occurrence of intense coastal storms and flood events [39,40], i.e., to favour
specific and chronic erosion and flooding processes. A wide set of studies published in recent years are
focused on the evaluation of the expected increasing impact in zones prone to be flooded as consequence
of the sea level rise [16,20,22,41-43], storm surges [44—48] and their combined occurrence [12,49].
Very recently, global projections of extreme sea levels and resulting episodic coastal flooding over the
21th century have been assessed and mapped in Kirezci et al. [49]. The results of the mentioned paper
show that the mean inundated area evaluated accounting for the future sea level is expected to increase
in a range of 35-50% by the end of the century compared with the present conditions, while 0.5-0.7%
of the world land area will be at risk of episodic coastal flooding by 2100 from a 1 in 100-year return
period event, with an increase of 48% compared to present day.

Since the sea level-related hazard is expected to increase as a consequence of future climate
scenarios, these analyses are carried out by accounting for future projections of sea positions based
on both semi-empirical [50-53] and model-based methods [54,55] that provided global estimations
of the expected increases in sea levels under different scenarios of an increase in temperature linked
to the increase in the concentration of climate-altering gasses and their representative pathways
(RCPs). Nevertheless, in order to obtain a regional estimation of the future sea-level position,
the local contribution of land movements due to regional geological processes (tectonics and isostasy)
have to be considered too [56,57]. Finally, a very local evaluation is obtained by adding vertical
ground displacements mainly due to natural and human subsidence as a consequence of sediment
compaction [58,59].

In this context, multidisciplinary research and integrated investigations aimed at the identification
and evaluation of the variation of several coastal features—which include the present-day
geomorphological, natural and anthropic settings such as the presence of a dune system, the main
sediment composition, the recent shoreline trend and the presence of defence structures, as well
as the identification of the position of ancient sea-level stands—represent a key step to define the
proneness of coastal sectors to potential negative marine impacts and their capacity of coping with them.
At the same time, the assessment of future coastal evolution by means of the estimation of future
scenarios of sea-level positions in a climate change context can be considered as a way forward
regarding the reduction of coastal risks and the definition and implementation of suitable adaptive
strategies aimed at increasing the intrinsic resilience of the coastal stretches. This latter aspect is in line
with the most recent international requirements and strategies for addressing climate adaptation and
risk reduction challenges. At the European level, the Strategy on Adaptation to Climate Change [60],
which is aimed at making Europe more resilient and minimising the effects of unavoidable climate
change, has stressed the concept that coastal zones are particularly vulnerable to the impact of sea-level
rise, challenging the climate resilience and adaptive capacity of coastal societies.

3. Overview of this Special Issue

This Special Issue is intended at providing a number of new geomorphological studies focused on
coastal dynamics and evolution across the world. The volume includes 14 papers concerning shoreline
and/or dune system morphological changes at different time scales and in a context of climate change
scenarios, obtained from different kinds of operational models/instruments and field studies as well as
surveys and observations by means of aerial photos and satellite images. Specifically, papers included
in this SI can be grouped into three main categories:
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3.1. Shoreline Characterization, Dynamics and Evaluation

Eight papers belong to this category and provide information concerning the characterization and
evolution at different spatial and temporal scales of a great variety of coastal environments, including
mangrove swamps (along the Caribbean coast of Colombia), and sandy and rocky coasts and dune
ridges in coastal sectors located in Russia, Italy, California (USA), Morocco and Spain. A further paper
included in this category is aimed at eliciting key concepts determining the aesthetic appeal of coastal
dunes and forests. In this case, the example of the Curonian Spit (Lithuania) is described. The following
papers are included in this category:

e Nicu etal. [61]. Shoreline Dynamics and Evaluation of Cultural Heritage Sites on the Shores of Large
Reservoirs: Kuibyshev Reservoir, Russian Federation.

e  Mammi et al. [62]. Mathematical Reconstruction of Eroded Beach Ridges at the Ombrone River Delta.

e  Griggsetal. [63]. Documenting a Century of Coastline Change along Central California and Associated
Challenges: From the Qualitative to the Quantitative.

e  Taaouati et al. [64]. Influence of a Reef Flat on Beach Profiles Along the Atlantic Coast of Morocco.

e  Villate Daza et al. [65]. Mangrove Forests Evolution and Threats in the Caribbean Sea of Colombia.

e Molina et al. [66]. Dune Systems’ Characterization and Evolution in the Andalusia Mediterranean
Coast (Spain).

e  Mattei et al. [67]. New Geomorphological and Historical Elements on Morpho-Evolutive Trends and
Relative Sea-Level Changes of Naples Coast in the Last 6000 Years.

e  Urbis et al. [68]. Key Aesthetic Appeal Concepts of Coastal Dunes and Forests on the Example of the
Curonian Spit (Lithuania).

3.2. Coastal Hazard Evaluation and Impact Assessment of Marine Events

Four study cases analyse the impact of different marine processes, such as storms (in the Tordera
Delta, Spain), sea-level rise (in the Jakarta Bay, Indonesia), and tsunami (along the Ionic Sicilian
coast, Italy), as well as the impact of a specific post-tropical cyclone, on the Northern coast of Ireland.
The following papers are included in this category:

e  Sanuy et al. [69]. Sensitivity of Storm-Induced Hazards in a Highly Curvilinear Coastline to Changing
Storm Directions. The Tordera Delta Case (NW Mediterranean).

e Yahya Surya et al. [70]. Impacts of Sea-Level Rise and River Discharge on the Hydrodynamics
Characteristics of Jakarta Bay (Indonesia).

e Anfuso et al. [71]. Spatial Variability of Beach Impact From Post-Tropical Cyclone Katia (2011) on
Northern Ireland’s North Coast.

e LoReetal [72]. Tsunami Propagation and Flooding in Sicilian Coastal Areas by Means of a Weakly
Dispersive Boussinesq Model.

3.3. Relevance of Sediment Collection and Analysis for Coastal Nourishment

Two papers are included in this section. The first paper is focused on the analysis of differences
in sand composition and colours between natural and artificially nourished beaches in Southern
Mediterranean Spain. The second paper deals with the analysis of the influence of different sieving
methods on the estimation of sand size parameters to determine suitable sediments for beach
nourishment, with exempla from the Southern Atlantic coast of Spain. The following papers are
included in this category:

e Poullet et al. [73]. Influence of Different Sieving Methods on Estimation of Sand Size Parameters.
e  Asensio-Montesinos et al. [74]. The Origin of Sand and its Colour on the South-Eastern Coast of Spain:
Implications for Erosion Management.
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4. Conclusions

The high variability and dynamics of coastal morphologies and landforms require the application
of tailored approaches for the assessment of local changes in the short, medium, and long term.
The evaluation of the present morphological changes in coastal areas and their comparison with
the past conditions lies in the identification of specific indicators in terms of beach erosion rates,
dune and foredune extent variation, etc. Such variations can be considered as proxies for hazardous
processes, i.e., chronic erosion processes, temporary flooding and permanent inundation, which could
be exacerbated by ongoing climate change.

The analysis of local dynamics, as well as the identification of the main drivers triggering
these hazardous processes, represent therefore a key point for the definition and implementation
of suitable management actions aimed at reducing human- and climate-induced risks on coastal
zones. For ensuring the effectiveness of coastal management actions as well as the suitability of the
implementation of adaptive solutions to expected changes, it is fundamental to take into account the
uniqueness of each coastal area to provide site-specific and tailored solutions. In this context, mapping
and zoning of the areas prone to be impacted by hazardous processes as well as the assessment
of the potentially exposed natural and anthropic assets represent the most appropriate operational
approaches to provide detailed information and reduce the potential impacts.

In conclusion, by proposing different case studies from different coastal areas of the world,
this Special Issue contributes to increasing the dissemination of specific knowledge at the transnational
level favouring the exchange of results between researchers, promoting in this way the exploitation of
assessment methods and approaches.
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