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Abstract: Flooding, as a result of heavy rains and/or storm surges, is a persistent problem in
coastal areas. Under scenarios of climate change, there are expectations that flooding events will
become more frequent in some areas and potentially more intense. This poses a potential threat to
coastal communities relying heavily on coastal resources, such as beaches for tourism. This paper
develops a methodology for the assessment of coastal flooding risks, based on an index that compares
16 hydrogeomorphological, biophysical, human exposure and resilience indicators, with a specific
focus on tourism. The paper then uses an existing flood vulnerability assessment of 724 beaches
in Galicia (Spain) to test the index for tourism. Results indicate that approximately 10% of tourism
beaches are at high risk to flooding, including 10 urban and 36 rural beaches. Implications for
adaptation and coastal management are discussed.
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1. Introduction

Coastal and marine environments attract hundreds of millions of tourists every year and are
a mainstay of the economy for many coastal communities [1]. Mediterranean countries attract
almost a third of international tourist arrivals and, including domestic tourism, coastal zones in
the Mediterranean receive an estimated 250 million visitors each year [2]. Tourism also has great
economic significance in the majority of small island developing states (SIDS) [3]. Coastal zones are
central features of these islands and are used for a wide range of tourism and leisure activities including
fishing, swimming, snorkeling, windsurfing, water skiing, jet skiing, boating and yachting [1].

Coastal resources are increasingly threatened. External and tourism-related pressures on coastal
zones include urbanization and industrial developments, water pollution, loss of mangroves, as well
as overuse of fresh water and marine resources [4]. Climate change exacerbates existing problems
in coastal zones, as it affects resources of central value to tourism [5] and can lead to more extreme
weather events, increased run-off and sedimentation, sea level rise, salinity and acidification [4].
Fresh water stress is projected to affect many coastal regions in the world, with summer water flows
being expected to decline by up to 80% in southern Europe and sea level rise leading to the loss of
up to 20% of coastal wetlands in many parts of the Mediterranean [6,7]. The temporal patterns and
interactions between these impacts, as well as tourist responses to these compounding impacts remain
insufficiently understood [8].
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Flood events can negatively affect beach resources through erosion, but have so far received only
limited attention in the literature. Globally, the frequency of coastal flooding is expected to double
in lower latitudes within decades due to sea-level rise [9], causing significant economic damage [10].
Floods can be caused by rivers, as a result of changing rainfall patterns, as well as by storm surges
linked to wave patterns, tides and coastal features [11]. Where storm surges and river floods coincide,
this can have negative consequences for beaches and recreational areas, in particular those located in
estuaries and river mouths [12].

To provide new insights into these processes and their consequences for tourism, this paper
develops a method for the assessment of coastal beach vulnerability to flooding, based on a case study
of Galicia, Spain. Droughts and floods have been identified as a specific threat for the region that is
located in the north of the country and heavily dependent on tourism [13].

2. Flooding and Tourism in Spain

Floods are the most prevalent and economically significant natural disaster in Europe [14].
For example, in the summer of 2002, floods in central Europe affected 4.2 million people and caused
economic losses in excess of €18 billion [15], an estimate that excludes the social cost of disrupted health
care or schooling [16]. In Spain, torrential rains and drought are the two major natural hazards [17].
Floods kill on average 20 people per year and lead to economic losses in the order of €800 million [18,19].

Climate change is anticipated to increase the frequency and intensity of rainfall events that will,
correspondingly, cause more intense and frequent river flooding [20-22]. The IPCC [11] emphasizes
that Europe faces significant risks of river and coastal flooding related to changes in land use, sea level
rise, coastal erosion and extreme rainfall events (see also [23,24]). In Galicia exposure risks are also
exacerbated by [25]:

e Infrastructure that limits channeling capacity;

e Drainage systems with insufficient capacity;

e  Lack of maintenance of drainage systems;

e  Ecosystem modification;

e Inappropriate land management and land use, including development in flood zones;
e  Forest fires that reduce forest water storage capacity as a result of vegetation loss.

Tourism is a sector of central economic importance in Spain, a country that is ranked third in the
world for international tourist arrivals (65 million) and second in tourism revenues ($65.2 billion) [26].
The sector accounts for 11.1% of Spain’s GDP and 13.0% of its total employment [27]. In Galicia,
the sector contributes 11.1% to GDP and employs 12.0% of the workforce [28].

Impacts of climate change on tourism in Spain have been addressed in various studies (e.g., [29-31]),
with most focusing on demand responses under scenarios of warming [32-37]. There is only one
study of tourism in Galicia that has focused on the main market for the region: domestic visitors from
Madrid [35]. The results of this survey (n = 430) suggest that travel motives of a significant share
of tourists (35%) are not influenced by climate variables. For visitors with weather-related motives,
mild temperatures are the most attractive and risk of rain is the most aversive. Vazquez and Prada [35]
conclude that climate change will actually lead to an increase in arrivals, as a result of a concentration
of rainfall events in autumn and increasing temperatures in spring and summer. The study does
not consider other vulnerabilities, however. Against this background, this paper seeks to present
additional insights regarding the assessment of in particular flood events for tourism in the region.

3. Methodology for the Assessment of Beach Vulnerability

Indicator-based flood vulnerability indices are applicable over different spatial scales, including
river basins, sub-catchments and urban areas [38—40] and have been used in a growing number of
publications focusing on coastal flood vulnerability analysis [41-45]. Coastal tourism is at risk of
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flooding, which can be compounded by seasonal river discharges in combination with waves and
storm surges [44,46—48]. The first part of this paper is consequently focused on the development of
a methodology for beach vulnerability assessments in the context of tourism.

The methodology is set up as follows: The first part of the paper presents data to be included in
a compound index for flooding risks. This index includes hydrological, geomorphological-historical,
hydraulic as well as exposure indicators and thus goes beyond the use of indicators as outlined in
the European Directive 2007/60/EC for the assessment and management of flood risks. The paper
then summarizes available data for the different indicators, as these apply to Galicia, Spain. Given the
scarcity of data for several areas, the paper then relies on an existing flood risk assessment for the
region as provided by Aguas de Galicia [25]. Based on this identification of at-risk beaches, a specific
assessment of tourism vulnerabilities is based on three indicators: Level of visitation, tourism facilities
and beach width. These are assessed in terms of being at low, medium, or high risk and assigned
a corresponding score on a scale from 1 to 3. Although most floods currently occur in the tourist low
season, the analysis is relevant for tourism because infrastructure damage may be difficult to repair in
time for the high season. Floods can also change coast morphology or erode beaches and lead to the
loss of quality certifications (Blue Flag). Flood risks also need to be seen in light of plans to promote
tourism in spring and autumn, when flooding risks are greater. Analysis shows the areas in which
such flood risks are particularly high.

3.1. Vulnerability Analysis

Vulnerability is the degree to which geophysical, biological and socio-economic systems are
susceptible to and unable to cope with, adverse impacts originating out of environmental, social or
territorial elements [6]. Floods are caused by extreme weather phenomena and exacerbated by
human activities such as urbanization, land clearance and alterations of coastlines that lead to flood
susceptibility. Nicholls et al. [46] identified three key drivers of coastal floods:

1.  Climate change, which affects sea levels, as well as rainfall and storm frequencies and intensities;
Sediment supply, which influences flood pathways, coastal geomorphology and ecosystems;

3. Socio-economic change, which can alter the type and extent of human activities and behaviors
within the floodplain.

To assess beach flood vulnerability at the local scale, relevant variables need to be included
in a theoretical framework covering exposure, susceptibility and resilience [42] with regard
to hydro-geomorphological, socio-economic & administrative and institutional subsystems [44].
Hydro-geomorphological subsystems comprise exposure indicators that represent coast or catchment
basin characteristics, including storm surges, rainfall, sea level rise, river discharge, soil subsidence and
elevation above sea. Specific beach structures can make coastlines more resilient. Socio-economic subsystems
consider elements that increase the instability of beaches or increase adverse impacts of flooding.
Political-administrative subsystems refer to legal and regulatory context, preparedness, coping and
recovering strategies, as well as contingency plans and nourishment actions.

To assess flood vulnerability, appropriate indicators need to be identified for each subsystem [39,49].
These have been derived from the literature [38,40,43,44,50] and integrated into a comprehensive model
for assessment (Figure 1).

3.2. Exposure Indicators for the Hydro-Geomorphological Subsystem

This subsystem’s vulnerability is characterized by fluvial and costal characteristics (morphology),
elevation above sea level, frequency of storms/rainfall events, sea level rise, as well as wave energy
(Table 1). Exposure is proportional to the length of the coast and the number and density of beaches
along the coast. Bays provide greater protection against storms, but they are also preferred human
settlement areas. Estuaries host a wide variety of ecosystems and are sensitive to variations in sea level
or changes in river flows [51].
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Table 1. Exposure indicators of the hydro-geomorphological subsystem.

Impact on Vulnerability

Factor Indicator Description
Increases (+)
Beach coastline (km) Kilometers of coastline, density Higher beach coastline (+)
Fluvial/costal of beaches
characteristics

Hydrographical
characteristics (km)

River network, density of rivers

Higher river network (+)

Elevation above
sea level

Low elevation coastal zones
(km? or %)

Share of coastline with elevation
up to 10 m

Higher share of Low Elevation
Coastal Zones (LECZ) (+)

Soil subsidence (m?)

Surface of soil that is
experimenting a decreasing

Higher area (+)

Frequency of
storm/rainfall
events

Rainfall intensity (mm or
L/m?)

Rainfall volume

Higher intensity/ frequency (+)

Rainfall seasonality (mm or
L/m?)

Amount of rainfall per month

Impact of rainfall on high season (+)

Frequency of storms (#)

Number of storms events in the
last 10 years

Higher frequency of storms (+)

Sea-level rise

Sea-level rise (mm/yr)

Increasing in the level of the sea
in x year

Higher Sea Level Rise (SLR) (+)

Waves

Wave regime (cm/yr or
W/m2/ yr)

Changes in wave characteristics:
height, period and energy

Higher wave intensity (+)

3.3. Exposure Indicators of Flood Characteristics

Coastal floods are caused by the combined action of tides, storm surges and wave run-up [52].
Flood-tides are related to a region’s tidal range, wave energy, sediment supply and back barrier
setting [53]. Astronomical tide plays an important role in high sea levels, but is predictable, in contrast
to storm surges [52]. For some beaches and coastal areas, river discharge can influence flooding,
especially when heavy rainfall coincides with extreme ocean conditions [12]. Indicators are shown in
Table 2.

Table 2. Exposure indicators of flood characteristics.

Impact on Vulnerability

Factor Indicator Description Increases (+)
Decreases (—)
Tide range (m) Sea level variation due to tides within a day ~ Variable
Flood tide Estimated range by tidal flooding;
Tidal flooding (m) 2 scenarios with return periods of Higher flooding (+)
50, 100 years (T50, T100)
Flood waves Wave flooding (m) Estimated range reached by wave flooding Higher flooding (+)

(2 scenarios T50, T100)

Flow volume of rivers discharging into the
coast (3 scenarios with return periods of
T10, T50, T100)

Time that elapses between the moment of
maximum rainfall and when the peak flow
is reached

Volume of flow (m3/s) More volume (+)

Velocity

Response time (scale) More time (—)

Surface area of potential fluvial flooding
(3 scenarios with return periods of T10,
T50, T100)

Area of fluvial flooding (km?) Larger area (+)

Inundation area
Estimated flooded area according to

a potential increase the elevation of the
level of flooding in meters

Area of sea flooding (km?) Larger area (+)

Level reached as a result of the joint action
of the astronomical tide, storm surge and
run-up generated by waves

Other flood

characteristics Level of flooding (m or %)

Higher level of flooding (+)
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3.4. Indicators for Socio-Economic and Political-Administrative Systems

Governance is increasingly recognized as a key factor for adaptive capacity [11]. The analysis of
legal and regulatory contexts is an essential part of flood risk assessments [54], including administrative
organization, legal frameworks, protected areas, contingency or crisis management plans [46,48,55-57]
(Table 3).

Table 3. Indicators in the socio-economic and political-administrative context.

Factor Indicator Description

Competences and responsibility on the coastal domain

Regulatory context among the different levels of government

Legal and regulatory context
Beaches with risk of flood located in areas of

Beaches at protected area . .
environmental protection

Contingency plans designed to deal with flood risk

i 1 L .
Contingency plans situations and impacts on beaches

Susceptibility including

preparedness, coping and Beach nourishment and ~ Replenishing beach sediment in nourishment
’

recovering recovering operations, recovering and cleaning
- Time needed to recover to a functional operation after
Time recovery
coastal flood events
. . . Number of people affected and number of inhabitants
Other socio-economic and Population peop !

i i . i ial fl
politico-administrative factors in potential flood zone

Stock of affected capital =~ Losses and properties affected by floods

3.5. Resilience Indicators

Flood resilience describes the systemic ability to experience flooding with minimum damage and
rapid recovery [46]. Aspects that can increase resilience include flood-proof infrastructure, dykes and
dams, natural coastal morphology and habitat features. Factors such as sediment supply, wind action,
or changes in the wave regime can help to prevent beach erosion and contribute to recovery [58-60].
Previous exposure to flooding may contribute to learning effects [61]. Resilience indicators are shown
in Table 4.

Table 4. Resilience indicators.

Factor Indicator Description

Coastal features and natural protection that have influence on

Coast and beach profile flood resilience
Beach structure Length and width of the beach Lgngth, width and width variation during the year of beaches
with risk of flood
. Amount of sustained supply of sediment for the preservation
Sediment supply and sustainability of the beaches
Prev1ou§ exposure Lo 1 floods HlstorlFal flood events and experience and knowledge gained
to flooding in previous floods

Existence of shelters and structural measures that physically

Flood protection prevent beach flooding

Other resilience
indicators

Household disposable income = Household disposable income as a resilience factor

3.6. Uncertainties

Various uncertainties characterize any assessment of indicators. Data on precipitation,
waves, surges or sea level rise is increasingly accurate, but it remains difficult to assess flooding
probabilities, specifically under different scenarios of climate change [47]. Even more difficult is the
assessment of demand side implication, i.e., as to how flooding events will affect tourist responses [8].
In acknowledging these uncertainties, an index for flood vulnerability assessment has been developed
(Figure 1). The figure considers the various indicators, at the center of which are risks for tourism.
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Figure 1. Flood vulnerability analysis for tourism.

3.7. Scaling and Weighting Indicators

In a final step, vulnerability assessments seek to integrate different indicators into a compound
index, for which averages or weighted averages may be used [50]. Two main procedures can be
distinguished to integrate indicators [42]: Raw values can be used, in which case indicators are
presented independently; or values are transformed into homogeneous units. The first method
provides data of the selected indicators directly, without manipulation, but is more subjective in its
interpretation. The second method provides quantifiable and comparable indices as it standardizes the
different measurement variables, but is strongly influenced by outlier observations and the unique
value that is derived can hide divergences [50]. Here, weighting is also an issue, as indicators are often
weighted based on expert judgment [44,49,62] and hence implying a degree of subjectivity [42,43,63].
In this analysis, the compound index is based on raw values, which has advantages of simplicity [64,65]
and is considered sufficient given the tool’s primary function of raising awareness.

4. Beach Vulnerability Assessment: Galicia

Beach tourism has considerable importance in Galicia with its 724 beaches in the North of Spain [66].
A total of 436 marine beaches and 68 river beaches are surveyed regarding water clarity, jellyfish, tar,
floating materials, organic waste and other waste [67,68]. As of 2016 three-quarters (75.6%) of beaches
were rated excellent for bathing, 16.5% good, 5.8% sufficient and 2.2% poor; 123 beaches are Blue Flag
certified [69]. Two coastal areas, Rias Altas and Rias Baixas, receive most of the tourist arrivals (53.7%)
and account for most overnight stays (63.2%). Tourism in coastal areas is concentrated in summer (64%),
with most overnight stays in June (9.6%), July (18.7%), August (25%) and September (10.7%) [70,71].

4.1. Hydrogeomorphology—Fluvial/Coastal Characteristics

Galicia has an exceptionally long coastline (1720 km), corresponding to about 22% of the national
total. A great part of the coast are cliffs (858.8 km), while beaches occupy over 180 km of the coast
(17.2 km?). The Atlantic coast has the highest density of beaches; 120 km from the border with Portugal
to Cape Finisterre [72]. Figure 2 provides an overview of the coastline and its location within Spain.
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Figure 2. The region of Galicia in the North of Spain.

The entire region is prone to flooding for interrelated hydrographical and meteorological reasons.
Rivers in Galicia are generally short and the region’s river network is very dense. There are 8150 km
of waterways representing 39.9% of Spain’s total hydraulic network, in comparison to 5.9% of the
country’s surface area.

4.2. Hydrogeomorphology—Elevation above Sea Level

Low Elevation Coastal Zones (LECZ) are land areas including the coastline up to a 10-metre
elevation. The extension of the LECZ area in Spain is 5953 km? (1.19% of the country). In Galicia,
the Muros-Noia estuary is the lowest area [73]. The majority of the population in LECZ live in urban
areas (84.9%). Throughout the country, the share of the population living in LECZ is expected to rise
from 7.7% to 8.1% by 2100 [73].

4.3. Hydrogeomorphology—Frequency of Rainfall Events

Intense and frequent rainfall periods are often observed in Galicia [74] and are expected to
increase substantially in autumn and winter, as well as in summer [75-77]. The average annual rainfall
in Galicia is 1281 mm /yr [78], which can be compared to the Spanish average of about 500 mm/yr [79].
Within Galicia, there are notable differences in rainfall, ranging between 1014 mm in the North
(A Corufia) to 1613 mm in the South (Pontevedra). Over the last 10 years, rainfall has fluctuated
between 880-1800 mm/yr on the north coast and between 700-2050 mm/yr in the South, indicating
considerable variability between years [80]. Over the year, rainfall is most intense in October-February;
June-August are driest in both areas [80]. Figure 3 shows the geographical distribution of rainfall
patterns in the main coastal tourist destinations [70,78].
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Figure 3. Map of cumulative rainfall in Galicia (2016). Source: MeteoGalicia [78].

4.4. Hydrogeomorphology—Frequency of Storms

The severity of a storm at the coast is a result of wave height and wave period [81]. Storms coming
from the northwest cause the highest waves (42%). During the period 2004-2016, waves exceeded
10 m in 11 months and 8 m in 35 months. The maximum height reached by a wave was 27.8 m (storm
“Christina” in 2014; [82]).

4.5. Hydrogeomorphology—Sea Level Rise

IPCC projections on sea level rise range from 26 cm to 82 cm by 2100 [7]. Projected sea level
rise at the Galician coast averages 2-2.7 cm per decade [83]. Sea levels vary between summer and
winter and trends of storm surges for the last 20 years are positive for the Atlantic, showing values
around 0.5 mm/yr [84]. A sea level rise of 0.5 m could lead to the disappearance of about 22 km of
beaches in the Basque Country and Cantabria—i.e., approximately 30% of the beach coastline in these
regions [51].

4.6. Flood Characteristics—Tides, Waves, Velocity and Inundation Area

The magnitude of astronomical tides along the Spanish coast varies and oscillations can reach
4 m in the Cantabrian and Atlantic coasts, compared to a few centimeters in the Mediterranean [52].
The spring tidal range in Galicia varies between 0.2 m to more than 4.5 m [85]. Galicia is located in
a climate zone with frequent low-pressure storms passing through in winter, as well as extra tropical
cyclones as a result of rapid atmospheric pressure drops. Rapidly developing storms can bring heavy
rains, wind and waves. Over the last 60 years, wave height has increased by 0.2 cm/yr along the
Galician coast, with more intense changes during the winter (1.4 cm/yr) [52]. Large waves show
an increase of up to 0.8 cm/yr, reflecting a more energetic sea. Average energy flow of the swell in the
Cantabrian Sea and the Atlantic coast has grown at a rate of 0.07 W/ m?/ yr [52].

Inundation as a result of flood risks for a return period of 10, 100 and 500 years identifies 210 Areas
with Potential Significant Flood Risk (APSFR), including 42 coastal areas [86]. IHCantabria [72]
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analyzed flooded areas in relation to a potential increase in the level of flooding (considering
astronomical tide, storm surge and wave run-up). Figure 4 represents the flooded area (km?) in
13 locations of the Galician coast under flooding level scenarios between 1 and 10 m. Results indicate
that most vulnerable area is the Muros-Noia estuary, where a one-meter flooding could inundate
104.3 km?.

Figure 4. Inundation area (km?) in relation to flood level scenario (m). Source: Based on data supplied
by IHCantabria [72].

4.7. Other Flood Characteristics

Recent years have seen more severe flooding events in Galicia, including beach berm erosion [52].
The 50-year flood level return period (FL50) analyses the potential flood risk due to storms and
extreme events. Current FL50 along the coast of Galicia is between 3.44-3.91 m and 5.09-8.42 m for
the dissipative, i.e., flat and shallow, beaches [48,72]. Table 5 shows an extrapolation of the long term
FL50 trend for four major beach areas in Galicia (2020, 2030 and 2040 in comparison to 1960-1990).
Table 6 shows FL50 projections in beaches for the end of century, averaged by provinces and for
an interpolation of the trend line for 0.5 m, 0.85 m and 2.0 m sea level rise. The table also shows the
FL50 percentage increase for 2100. Figure 5 illustrates the location of the four beach areas in Galicia.

Table 5. FL50 absolute and relative growth at coast and dissipative beaches in Galicia.

Vigo Vilagarcia A Coruiia Ribadeo

Year s s - s .

Dissipative Dissip. Dissip. Dissip.

Coast Beach Coast Beach Coast Beach Coast Beach
FL50 2020 0.05 0.06 0.01 0.14 0.04 0.07 0.05 0.09
Absolute 2030 0.11 0.13 0.02 0.32 0.08 0.16 0.11 0.19
growth (m) 2040 0.17 0.21 0.03 0.50 0.13 0.25 0.16 0.30
FL50 2020 13 1.10 0.20 1.70 0.96 1.26 1.35 1.69
Relative 2030 2.9 2.48 0.45 3.83 2.17 2.85 3.05 3.81
growth (%) 2040 4.6 3.85 0.68 5.96 3.38 4.43 4.75 5.93

Source: Based on data supplied by IHCantabria [72].
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Table 6. FL50 projections for 2100 by extrapolating trends and for three SLR scenarios by provinces.

Extrapolation Scenario 1 Scenario 2 Scenario 3

of Trends SLR:0.5m SLR: 0.85 m SLR:2m
A Coruna 6.4 6.9 (+7.3%) 7.2 (+11.3%) 8.3 (+28.0%)
Lugo 5.6 6.1 (+9.3%) 6.3 (+13.3%) 7.4 (+32.5%)
Pontevedra 54 5.9 (+9.0%) 6.2 (+14.0%) 7.2 (+32.6%)

Source: Losada et al. [52] (pp. 77-78).

Province of Lugo

Province of
A Coruna

. g
Province of * :
Pontevedra

Vigo

Figure 5. Location of the four communities studied.

4.8. Socio-Economic and Politico-Administrative Context: Legal and Regulatory Context

Spanish law for the protection and sustainable use of the coast distinguishes Public
Maritime-Terrestrial Domains (PMTD) and Easement Zones (EZ). PMTD include inland waters,
territorial sea, seashores and estuaries. The EZ comprises the strip of land needed to ensure public
access to beaches extending 6-20 m landward from the coastal line; a zone of total protection extending
landward from the coastline by 20-100 m; and an influence zone extending 500 m inland from the
coastline [48]. Planning and building in this area is regulated by local authorities.

The state, regional and municipal administration have different levels of legal power in the
Galician coast. The Spanish state is the owner of the maritime-terrestrial zone, beaches, territorial
sea, natural resources of the economic zone and the continental shelf and responsible for ensuring
its protection and conservation. As an Autonomous Community, Galicia has exclusive legal power
over matters of land use planning, urban planning, coastal management, fishing in the estuaries,
aquaculture, or port matters. It also has exclusive power in tourism promotion and management in its
territory (Article 27.21 Statute of Autonomy).
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“Landscape” and “Natural environment” are the most valued attributes when choosing Galicia
as a destination, highlighted by a fifth of travelers (20.7%) as a reason for visitation [87]. This is also
because Spain has established a wide range of protected areas, including conservation areas, protection
areas for birds, biosphere reserves and others. In Galicia, 27 beaches under some form of environmental
protection are formally recognized as Areas with Potential Significant Flood Risk (APSFR) [86].

4.9. Socio-Economic and Politico-Administrative Context: Susceptibility Including Preparedness, Coping
and Recovery

Flood risk management in Spain is based on: (1) identification of Areas with Potential Significant
Flood Risk, (2) danger maps for the entire Spanish coast and (3) management plans. At the national
level, the General Direction for Sustainability of the Coast and Sea carries out the assessment of flood
risks and also implements the European Flood Directive [88]. Regional plans include the Special Civil
Protection Plan for Flood Risk in Galicia (Inungal, June 2016) and the Flood Risk Management Plan
of Galicia-Costa 2015-2021 (January 2016), covering aspects of prevention-protection, preparation,
recovery and evaluation.

Coastal erosion and the risks associated with flooding have led to the implementation of
contingency plans and beach nourishment actions. Awareness and preparedness for floods has
been growing. Weather forecasts on the arrival of storms are increasingly accurate and early warning
systems in place. Storms causing floods mainly take place from October to January and much of the
damage they cause can be addressed before arrival numbers peak (June-September). Coastal protection
and beach recovery are also addressed in the Plan Litoral, launched in 2014. The plan addresses
conservation, sustainability, storm impact mitigation and the protection, conservation and regeneration
of beaches and dune systems [89]. There is also the PIMA-Adapta Plan, focused on adaptation to
climate change.

4.10. Socio-Economic and Politico-Administrative Context: Other Socio-Economic and
Politico-Administrative Factors

The population of the Spanish coastal municipalities increased at an annual rate of 1.9% in the
first decade of the 21st century. The population density of the municipalities located on the coast
of A Corufia (269 inhabitants/km?) and Lugo (92 inhabitants/km?) is below the average of Spain
(435 inhabitants /km?), but higher in Pontevedra (724 inhabitants/ km?) [90]. The total population in
coastal municipalities is 1.1 million, of which about 11,500 people live in a flood zone [25]. Preferential
Flow Zones (PFZs) are areas where serious damage to people and property may occur during flooding
events. It is estimated that for a return period of 100 years, 26,800 people (0.53% of the population) live
in PFZs in Galicia [25].

4.11. Resilience Indicators—Beach Structure

The coastline of Galicia is comprised of “hard” cliffs, formed by compact rocks that are resistant
to erosion. The most important beaches are within the rias or cliff inlets. In the Cantabrian coast,
estuaries with large intertidal zones and marshes in their environs are of special importance [51].
Dune ecosystems provide protection against flooding [48], though beach width and sediment supply
are also relevant [91]. While there is sea level rise of 2.2-2.5 mm per year in Galicia, there are also cases
of dune propagations exceeding 100 m per year [60,92,93].

4.12. Resilience Indicators—Previous Exposure to Flooding

During 1950-2010, eleven people died as a result of floods and 3875 houses were damaged in the
provinces of A Corufia, Lugo and Pontevedra [94]. Table 7 provides an overview over historical flood
events recorded within the period 19502010 in coastal municipalities. Tourism infrastructure, such as
accommodation, has often been affected.
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Table 7. Flood events in costal municipalities 1950-2011.

Province Flood Cases  Examples of Tourism Infrastructure Affected in Flood Events
A Corufh 190 21/12/1995 hotel facilities of Muxia
oruna 20/10/2000 beaches in Pobra do Caramifial and Cedeira, hotel facilities in A Corufa
21/12/1995 seafronts and beaches in Baiona, Moafia and Marin
flooding of beaches in Nigran, Vilanova de Arousa, Portonovo, Marin and
Pontevedra 146 20/10/2000 & &

Baiona; hotel facilities in Baiona and A Guarda

11/10/2001 hotel facilities in Pontevedra and Sanxenxo
04/09/2004  hotel facilities in Vigo

tourist facilities in Pontevedra, Sanxenxo, Vilagarcia de Arousa, Cangas

18/11/2006 and Marin.

30/04/1998  access road to the coast in Foz
Lugo 39 20/10/2000 access road to Abrela beach in O Vicedo
09/06/2010 hotel facilities in Viveiro, access road to Catedrales beach

Source: from data of UNISDR [94].

4.13. Resilience Indicators—Other Resilience Indicators

Resilience of a society grows when the economic and social conditions of its inhabitants improve.
The household disposable income in Galicia in 2015 was €25,614, slightly lower than the average
household income in Spain (€26,092; [95]). The poverty risk rate in 2015, understood as the threshold
below 60% of the median annual income per unit of consumption in the OECD, is 19.4% for Galicia as
compared to Spain’s 22.1%.

5. Tourism Vulnerability Assessment

The vulnerability assessment of 724 beaches in Galicia shows that 76 beaches are located in areas
at risk of flooding [25] (see Appendix A for details). Of these beaches, 43 are at risk of coastal floods
(waves, storm surges), 26 at risk of fluvial floods (river mouths) and seven at risk of both [86]. Based on
this assessment, the vulnerability of these 76 beaches is evaluated with regard to tourism, considering
three indicators: Level of visitation, tourism facilities and beach width. These indicators are assessed
in terms of being at low, medium, or high risk and assigned a corresponding scoring on a scale from
1 to 3, corresponding to low-moderate-high vulnerabilities (Table 8). Note that “level of visitation”,
as the most important aspect, is weighted double. The result is an aggregated number, divided by the
number of indicators, resulting in an average vulnerability (low-moderate-high). As outlined, this is
an inherently subjective, expert-based approach to a vulnerability assessment [42].

Table 8. Assessment of beach vulnerability in regard to tourism.

Feature Scoring 1-3
Level of visitation Low to high
Tourism facilities Depending on number and character
Beach width more than 75 m; 15-75 m; less than 15 m

Figures 6 and 7 show the location of at risk beaches, in the context of their tourism vulnerability
(low-moderate-high) in two regions, Rias Altas and Rias Baixas. Results indicate that the level of
vulnerability of the different beaches varies considerably, indicating potential priorities for additional
in-situ vulnerability assessments. While the maps do not suggest geographically focused risks,
they highlight a total of 10 beaches at high risk and a significant number of other beaches at risk.
The visualization of results in maps does not seem to indicate particular patters, such as specific
coastlines being at lower risks than others, even though the south-western part of Rias Altas and the
northern part of Rias Baixas appear less vulnerable. The maps also show that highly vulnerable beaches
can be located close to those with low risks. For a detailed calculation of one beach, as an illustration
of the method, see Appendix B.
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Coastal area
Rias Altas

Mk

Figure 6. Tourism vulnerability of at risk beaches in Rias Altas. Green: Beaches with low tourism

vulnerability; yellow: medium vulnerability; red: high vulnerability.

Coastal area
Rias Baixas

Figure 7. Tourism vulnerability of at risk beaches in Rias Baixas. Green: Beaches with low tourism
vulnerability; yellow: medium vulnerability; red: high vulnerability.

6. Discussion and Conclusions

This paper developed a framework for the assessment of beach vulnerability to flood risks
in coastal tourism regions. Using the Autonomous Spanish Community of Galicia as an example,
724 beaches have been assessed, of which 76 (11%) were identified as being at risk of flooding. A total
of 43 beaches are at risk of flooding by waves, 26 in areas at risk of fluvial flooding in river mouths
and 7 beaches are potentially exposed to both. In further analysis, the relative risk for tourism was
evaluated for these 76 beaches. Results indicate that tourism vulnerabilities vary, depending on
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visitation levels, the existence of tourism facilities and beach width. While some at risk beaches have
great importance for tourism, others are of little relevance.

An important aspect in the context of tourism and natural disaster risk analyses is their temporal
dimension. Analysis shows that flooding events usually occur outside the tourism high season in
July and August. However, under scenarios of climate change, it is expected that climate conditions
in spring and autumn will become more suitable for tourism and tourism agencies already seek to
increase arrivals in what is currently the shoulder season. This will imply a greater risk related to
floods, as arrival peaks will become more closely aligned with flooding risks.

Results consequently have various implications for coastal and tourism management. For some
beach destinations, the consideration of flooding risks may have to become part of destination
planning and, potentially, adaptive measures related to crisis management. This will also require
for climate change effects to be considered in planning strategies, such as the construction of roads
or accommodation, which need to consider the likelihood of extreme events including flooding
under scenarios of climate change. For investors, risk represents a cost, either in terms of insurance,
more resilient constructions, reduced attractiveness for tourists, or cancellations in extreme situations,
which may include loss of income in situations where infrastructure damage (e.g., roads) prohibits
visitation. The severe consequences of flooding for destinations, have for instance been felt in the
Caribbean in 2017, following a series of major hurricanes. The development of such frameworks
and assessments as presented here can therefore play a significant role in improving the resilience of
tourism at various scales [96-98].

More generally, coastal management strategies have to consider changed flood risks, also in
relation to climate change, to protect important coastal economic, conservation and social assets,
including those that are significant for tourism. Fundamental to the management of such assets
is the development of beach vulnerability assessments that identify the most at-risk locations.
Such information can enable evidence-based decision-making in the development of short and
long-term adaptive strategies to reducing flood risk as well as the better allocation of economic
resources in response to risk, increasing coastal destination resilience. Such information is valuable
for a number of different stakeholders, including government, in determining resource allocation and
priorities; insurance companies in their assessment of liabilities; businesses in relation to their own
planning, adaptation and risk assessments; as well as those living in coastal areas (risks, property
values). The index developed in this paper can also potentially be adapted for other coastal settings,
particularly in Europe’s coastal regions where similar data sets are likely to exist. Future work
may improve the accuracy of the index, particularly when more data becomes available and as
data and frameworks are contrasted to the impacts of actual events. Such developments could,
for instance, include tourist demand and behavioral responses to flooding, which are insufficiently
understood [5]. A further addition could be the inclusion of economic assessments of the potential
direct, i.e., infrastructure damage and indirect, i.e., changes in tourist demand and behavior, costs of
flooding into the assessment framework. However, a key issue in the development of such frameworks
is the availability of existing indicators and data and the costs of development new ones.

Opverall, it is acknowledged that the work presented in this paper is a pilot study that is necessarily
based on simplifications. These include the choice of indicators, as well as the assumption that indicators
are independent and sometimes extrapolated on the basis of existing trends, i.e., not considering trends
in for instance rainfall or storm intensities. Future work should seek to address these issues in order to
achieve more robust results.
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Appendix A. Beaches Located at Potential Significant Flood Risk Areas in Galicia

Table A1l. Coastal Flood Risk.

15 of 23

Mid-Range of Tidal

Mid-Range of Wave

Length Width Typology gzl:ll;i:;ion Tourism Facilities and Infrastructure Water Quality  Blue Flag Flooding (m) Flooding (m)
Beach Name Municipality 16 15 14 16 15 14 T100 T500 T100 T500
Covas Viveiro 1500 10-400 village High promenade, camping, recreational area G G 124.15 126.1 11.86 11.68
O Torno 650 30-90 village High Seafront E na G v
Cubelas Cervo 250 10-40 village Medium seafront, recreational area na P P

34.73 35.73 23.96 25

Caosa 120 15-60 urban Low na S S
Lago Xove 700 25-80 rural Medium dunes, gardens and rest area E E E
O Portelo 460 25-110 village High Seafront E E G v vV
Penoural Burela 109 35-70 village Low Seafront P P P 1302 1238 26.28 27.18
Areal A Pobra Caraminal 1100 26 urban High promenade, yacht club, recreational areas G G G 71.46 75.97 2.57 1.72
Corrubedo 5000 25-40 remote Medium natural park E E E
O Prado Ribeira 300 25 village Medium anchorage s P P 5913 5787 21 2459
Suigrexa 420 20 rural Medium S G E
Fonforrén Porto do Son 100 7 rural High E E E 29 28.8 20.66 22.62
A Vila 170 15 village High S G E
San Pedro Carnota 250 160 village Low seafront G G E 137.62 139.22 43.86 49.81
Ezaro Dumbria 800 28 rural Medium E E E v vV 2679 32.56 67.53 89.95
Lires Cee 123 20 remote Medium P P S 26.52 29.72 1.41 2.2
Langosteira Fisterra 1970 26 rural Medium E E E v v 40.45 40.55 30.69 34.78
Espifieirido 250 15 rural Low E E E
ACruz Muxia 70 100 rural  Medium E E E B w02 9l 63
Area da Vila 200 100 village Medium seafront, yacht club P P P 10.24 9.65 11.59 13.59
Arou Camarifias 130 50 rural Medium seafront E E E
Camelle 150 105 village Low seafront P P P 1775 18.87 87.07 881
Soesto Laxe 850 30 remote Low surf E E E 62.67 67.82 171.12 173.51
Playa Mayor Malpica 378 60 urban High surf S S P 15.27 15.77 18.64 18.14
Santa Cristina Oleiros 1500 80 village High E E E v v v 12335 123.18 1.35 2.35
Riazor 570 25 urban High promenade, recreational area E E E v vV
Orzan A Corufia 700 30 urban High promenade, recreational area E E E v v 316 31.95 68.47 72.07
Matadero 80 20 urban High promenade E E E v VvV
O Pedrido Bergondo 500 40 urban High camping S G G 1619.52 1632.09 14.4 11.06
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Table A1. Cont.

16 of 23

Mid-Range of Tidal

Mid-Range of Wave

Length Width Typology gg’:;i:;ion Tourism Facilities and Infrastructure Water Quality  Blue Flag Flooding (m) Flooding (m)
Beach Name Municipality 16 15 14 16 15 14 T100 T500 T100 T500
A Magdalena Cedeira 1400 35 urban High recreational area S P S 20.8 21.07 31.18 31.97
Santa Marta Baiona 210 60-111 village High yacht club G G
Ladeira 1650 28-68 village High dunes, camping G na 4
América 1300 50-100 village High recreational sport area E E E v v VY 104.69 106.26 16.07 1891
Panxon 1100 50-200 urban High promenade, yacht club E G na
Madorra Nigrén 350 45 village High E E G
Area Fofa 130 25 rural Medium E G E
Patos 1400 25-80 village High seafront, sport area E E E
As Canas 150 25-80 rural Low S S S
Muifios de Fortifion 120 60 rural High E E E v vV 4569 452 20.66 232
O Portifo Vigo 130 30 village Low E E E
A Sobreira 180 35 rural Medium E E E
Arealonga Redondela 180 35 rural Medium P P P
A Punta ) 50 5-120 rural High seafront E E E vV vV 69 7.06 0.6 0.74
Bouzas Vigo 450 25 village Medium seafront E E E
Portifio O Grove 100 5-15 village Medium yacht club E G S 27.69 33.6 3.48 1.67
O Bornal 400 20 village Medium E E E
Terrén 500 15 rural High E E E
As Brafas Vilanova de Arousa 150 3 rural Low E E E 104.01 104.9 2.04 221
Con da Mina 200 10 village Medium E E E
Algrexa 250 6 rural Low E E E
Table A2. Fluvial Flood Risk.
. Area of a Potential Volume of River Flow
Length  Width Typology g(:]:llsl}ta;ion Tourism Facilities and Infrastructure Water Quality Blue Flag Fluvial Flooding (km?)  (m®/s)

Beach Name Municipality 16 15 14 16 15 14 T10 T100 T500 T10 T100 T500
Esteiro Ribadeo 52 6-220 remote medium seafront G G 0.038  0.086 0.103 741 1713 2631
Arealonga Barreiros 1000 45-170  village medium seafront G G Vv 0.003  0.01 0.017  2.01 473 7.32
Covas* Viveiro 1500 10-400  village  high ferc(’rren;rl‘(';‘:; ;:er;lpi_ng, ruiniform formations, —p g g 0.003 0006 0009 766 1715 2599
Sardifieiro Fisterra 370 60 village low seafront P P P 0.005  0.002 0.022 6 13.05  19.52
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Table A2. Cont.

17 of 23

Area of a Potential

Volume of River Flow

Length ~ Width  Typology Eoel:;:?}tion Tourism Facilities and Infrastructure Water Quality  Blue Flag Fluvial Flooding (km?) _ (m®/s)

Beach Name Municipality 16 15 14 16 15 14 TI10 T100 T500 T10 T100  T500
Lires * Cee 123 20 remote medium P P S 0.018 0.141 0183 149 3218 48
San Pedro * 250 160 village low seafront G G E 0.012  0.016 0.019  4.66 8.99 12.71
San Mamede Carnota 300 45 remote low E E E 0.009  0.02 0.037 6.7 1448 216
Porto Cubelo 20 20 rural low E E E 0.008 0017 0.022 251 5.55 8.38
A Magdalena* Cedeira 1400 35 urban high recreational area S P S 0.012 0.034 0.048 377 8.8 13.56
Arnela Ponteceso 100 20 urban medium seafront na P P 0.002  0.004 0.007 3.03 6.23 9.08
Razo Carballo 800 30 rural high dunes, marshland, fossil beach G S S 0.037 0.067 0.083 14.6 31.02 459
A Concha Ortigueira 750 30 village medium anchorage, cultural heritage G E E v v v 0016 0038 0051 155 22.7 28
Queiruga 1200 75 rural medium E E E 0.003 0.014 0.015 3.29 6.56 9.42
Pozo Porto do Sor. 100 30 rural medium S G E 0.013  0.018  0.02 7.61 1495 2133
Coira 720 20 village high seafront E E E 0.001  0.003  0.006 897 17.39  24.66
Ornanda 300 25 rural high 1st category camping E E E v/ 0001 0021 0028 189 32.87  48.07
Bastiagueiro Oleiros 500 100 village high seafront, recreational area, camping, bike path E E E v v v/ 0013 0026 0034 435 9.7 14.67
San Francisco 820 30 village high seafront, recreational area E E E v v 4/ 0001 0004 0007 1.33 3.08 4.75
Ventin Muros 160 30 rural low recreational area E E E 0.008 0.012 0.012 23 5.05 7.58
Paramean 250 30 village medium G G G 0.007  0.013 0.015 114 2212 3144
Perbes Mino 540 45 village high promenade, camping E E E v v v/ 0007 0001 0017 7.3 1455 209
Coroso Ribeira 1700 20 village high seafront, leisure port E E E v/ 0043 0069 0.089 895 20.34  31.01
Areal * E(;}:erifnciif?al 1100 26 urban high promenade, yacht club, recreational areas G G G 0.13 0232 027 204 4222 61.76
Barrafian ) 1100 20 rural high seafront, dunes E E E v V4 v 0.091 0.114 0.125 239 359 45
Alba-Sabon Artebxo 850 30-80 remote medium seafront E E E v v v 0064 0124 0157 246 37.6 47.6
Samil Vigo 1250 60 village high promenade, recreational area E G S 0.043 0866 1.034 90.5 1385 1755
Xunqueira Moaria 500 50 village high promenade, recreational area G S G 03 0.087 0115 175 4588 7043
Santa Marta * Baiona 210 60-111  village high yacht club G G G 0.016 0.045 0057 27 5252 745
Arealonga * Redondela 180 35 rural medium P P P 0.012  0.017 0.022 9.52 18.67  26.6
Loira Marin 330 40 village high promenade, recreational area G S S 0.008 0.016  0.022 229 34.8 439
Lafio 585 15 village low S S P 0.001  0.004 0.006 9.14 1795  25.59
Covelo Poio 60 5 village medium promenade, anchorage E E G 0.002 0.006 0.008 9.13 18.16  26.05
Chancelas peq. 140 8-30 village medium promenade E E E 0.001  0.001  0.002 6.76 1269 177

* Beaches at both risk, coastal-sea action and fluvial-river mouths. Sources: [66,69,86,99,100].
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Appendix B. Calculation Procedure for Riazor beach, A Corufia Municipality

To illustrate the use of the index, beaches located in Areas of Potentially Significant Flood Risk
(APSFR) are assessed against their tourism vulnerability. For this, the index considers the level of
visitation, the characteristics of tourism facilities and infrastructures, as well as beach width. These are
defined as:

o Level of visitation (Lv). Beaches score low to high (1-3), depending on use, with urban beaches
being considered the most visited (score 3), those in the vicinity of a tourist destination being
medium frequented (score 2) and remote beaches scoring 1. This indicator is double-weighted.

o  Tourism facilities and infrastructure (Tf). Here, the highest score is given to camping, recreational
areas or important cultural heritage, in addition to other infrastructures like promenade, seafront
or marinas. A lower scoring (2) applies to beaches with less prominent infrastructure and the
lowest scoring (1) to beaches without infrastructure.

e  Beach width (W). The smaller the beach, the more vulnerable it is considered. The indicator score
is 1 for beaches that are more than 75 m wide, score 2 for beaches between 15-75 m wide and
score 3 for beaches with 15 m width or less.

The vulnerability index is calculated on the basis of the following equation:

Lox2)+Tf+W

_
Vi = .

To illustrate the procedure, the following section shows the calculation for Riazor beach, in the
municipality of A Corufia (Rias Altas).

Indicator: Level of visitation (Lv)
e Typology (remote, rural, village or urban) [101]: urban
e Level of occupation: high
e  Coastal tourist destination: yes
The beach scores 3, given its significant importance for tourism.

Indicator: Tourism facilities and infrastructure (Tf)

e  Attributes at risk: promenade, recreational area

e  Blue flag certified
The beach is scoring high again (3), as a result of its facilities and infrastructure.
Assessment of the indicator: 3

Indicator: Width of the beach (W)
e Average width =25m.

Here the beach scores 2.
Based on the equation weighting the scores, Riazor beach has a vulnerability index of 3.7, i.e., it has
a high vulnerability to flooding. (High vulnerability: Vt > 3.7, moderate: 2 < Vt < 3.7 and low: Vt < 2).
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