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Abstract: MOSES project Work Package 6 (WP6: Identify and assess
vulnerability) has as its main objective to assess the vulnerability of
marine and coastal ecosystems to sectoral pressures from a socio-
economic point of view. To do this, WP6 proposes the use of appro-
priate statistical tools to construct a synthetic index of vulnerability
with which to rank European Atlantic Arc countries and regions up to
NUTS3 Eurostat geographical level.

This report summarises the analysis of results.

An extended open-access version will be published in Marine Policy,
Volume 119, September 2020 under a Creative Commons license. It can
be seen online here: doi.org/10.1016/j.marpol.2020.104030.

Disclaimer: The contents of this report are not to be used for advertising, publication, or promotional purposes. Citation of
trade names does not constitute an official endorsement or approval of the use of such commercial products. All product
names and trademarks cited are the property of their respective owners. The findings of this report are not to be construed
as an official University of the Basque Country (UPV/EHU) position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.

https://doi.org/10.1016/j.marpol.2020.104030
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Preface

MOSES project Work Package 6 (WP6: Identify and assess vulnerabil-
ity) has as its main objective to assess the vulnerability of marine and
coastal ecosystems to sectoral pressures from a socio-economic point
of view. The lead partner for WP6 is the Institute of Public Economics,
University of the Basque Country (UPV/EHU).

In what follows we will implicitly assume that coastal vulnerability is
defined as: “Degree to which coastal areas are susceptible to: damage
or degradation due to environmental conditions and impacts caused
by sectoral pressures from marine/maritime activities related to mar-
itime transportation, port facilities and coastal socio-economic activi-
ties.”

WP6 contemplates five (5) vectors of interest with different basic indi-
cators. Namely,

Vector 1: marine spill risk. . . It aims to identify spill locations in At-
lantic European waters and construct marine spill risk index for
European Atlantic coastal territories.

Vector 2: port facilities impact. . . It contemplates the assessment of
vulnerability due to passengers and goods transportation and cov-
ers indicators related to sustainability awareness (energy efficiency,
land use, etc.).

Vector 3: coastal activities and tourism. . . It covers indicators related
to demographic pressure, tourism and recreation, economic devel-
opment and land use and infrastructure development.

Vector 4: protection of coastal areas. . . It is related to EU SCIs (Coastal
Sites of Community Importance).

Vector 5: bathing water quality. . . it assesses Bathing water quality
from indicators such as Atlantic European blue flag beaches, waste
disposal, etc..

Action 1 collected the database of basic informaton and Action 2 con-
structed a synthetic index of vulnerability ranking European Atlantic
Arc countries and regions up to NUTS3 Eurostat geographical level.
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Partial rankings were also obtained on each of the vulnerability vec-
tors.

Using this information provided by the Index, Action 3 will aim to
analyse the relative risk related to marine environments and ecosys-
tems as well as the physical and socio-economic vulnerability of coastal
areas.

As primary beneficiaries, local and regional governments may use
these results as diagnostic tools to assess the relative position of the
coastal vulnerability of its region of interest, and to learn about its
strengths and weakness so that they can design and carry out appro-
priate actions.

We hope these objectives will help to analyze and compare the mar-
itime economic importance of different regions in order to better im-
plement the integrated European marine policy.
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1 Marine spills

See Fernández-Macho et al. (2020): doi.org/10.1016/j.marpol.2020.104030

(section 4.1).

https://www.sciencedirect.com/science/article/pii/S0308597X20302694?via%3Dihub#sec4
https://www.sciencedirect.com/science/article/pii/S0308597X20302694?via%3Dihub#sec4
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2 Port Activity

2.1 Vector Design

Maritime shipping is the backbone of international trade and the
global economy and accounts for more than 80% of international trade
volume (UNCTAD, 2019). For Europe, maritime transport is a catalyst
for economic development and growth, enabling trade and contacts
between all European nations (75% of the EU imports and exports de-
pend on maritime transport). For the Atlantic Arc regions, maritime
transport and ports is one of the most valuable sector in terms of rev-
enue and employment. This sector provides vital links for trade and
commerce within the Atlantic Arc region and with the rest of Euro-
pean regions and the world. Therefore, ports play a strategic role, not
only for trade or passenger traffic, but also in terms of development
and territorial cohesion.

Maritime shipping is widely recognized as a very environmentally
sustainable form of transport. Even so, given the large volume of mar-
itime activity and its rapid growth, the maritime sector is a major con-
tributor to global environmental change through its local and cross-
boundary air, water and land impacts. Addressing the environmental
impacts of shipping is therefore an essential and pressing governance
issue (Lister et al., 2015). To identify the impacts of port activity on
coastal vulnerability in the regions of the Atlantic Arc we considered
several raw indicators related to the number of ports in the region,
their size and importance, as well as the concern of port authorities
about the impact of their activities and operations on the environment
(Table 1). Most of these indicators measure the possible negative im-
pact on both the maritime and terrestrial environment of port opera-
tions and activities. However, there are two indicators that collect in-
formation on good environmental practices in ports and their concern
for sustainable development, and therefore their interpretation is the
opposite of that of the other indicators. In order to incorporate these
latter indicators into the vulnerability index their values are multiplied
by −1. Finally, prior to starting the construction of the vulnerability
index, all indicators have been standardized using the length of the
coastline of each region.
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Table 1. Port activity raw indicators

Total number of ports in the region

Number of main passenger ports, handling more than 200 000 passengers annually

Number of main good ports, handling more than 1 million tonnes of goods annually

Number of main ports

Number of EcoPorts members in the region

Number of Port Environmental Review System (PERS) certified ports in the region

Total area of ports in the region

Gross weight of goods handled in all ports in the region

Passengers embarked and disembarked in all ports

Passengers excluding cruise passengers embarked and disembarked in all ports

Cruise passengers embarked and disembarked in all ports

2.2 Port Activity Index Results

A. COUNTRY LEVEL

The analysis of the information provided by tables 2 and 3 about the
regional behaviour within each country helps understand the results
obtained for the port activity vulnerability index. UK and France are
the most vulnerable countries with index values close to 2.5. Seven-
teen of the twenty most vulnerable regions belong to these two coun-
tries. While UK also has a large number of regions with low vulnera-
bility, approximately 50% of its regions have an index value below 2,
only one third of the French regions of the Atlantic Arc have an index
value below this threshold. Not far behind are Ireland and Spain with
index values close to 2, but with a more homogeneous regional dis-
tribution of the index Finally, Portugal is the least vulnerable country,
with a very low index value of 1.28, and more than 75% of its regions
with an index value of less than 2. These results are in line with the
reality of port activity in the countries of the Atlantic Arc. Ireland,
UK, France and Spain rely on shipping for conducting their trade. In
the first two countries, as island nations, around ninety five percent
of global trade by volume comes through its seaports; in France and
Spain this volume exceeds eighty percent, however in Portugal port
movement represents only 14% of trade (O’Keeffe et al., 2020; Adam
et al., 2016; Jiménez Toribio and García Del Hoyo, 2018).
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Table 2. Port Activity index by country: descriptive statitics

Mean Median St. Dev. Minimum Maximum

France 2.535 2.246 1.737 0.014 6.943

Ireland 1.975 1.950 1.271 0.268 3.191

Portugal 1.285 1.286 0.997 0.000 2.746

Spain 2.063 1.897 1.180 0.498 4.737

United Kingdom 2.496 2.018 1.936 0.000 9.022

Table 3. Regional distribution of the Ports index by country

France Ireland Portugal Spain UK

1st quartile 3 2 0 3 17

(3.09 - 9.02)

2d quartile 6 2 3 5 9

(1.94 - 3.09)

3d quartile 3 1 5 5 11

(1.11 - 1.94)

4th quartile 2 2 5 3 13

(0 - 1.11)

B. REGION LEVEL

The results of the port activity vulnerability index by region show that
even though the range of the index goes from 0 for to 9.02, the index
is below 3.09 for 75% of the regions. Thus, the distribution of the val-
ues is far from homogeneous: only six of the 100 regions have index
values above 5 and more than half take values below two. Therefore, it
seems that there are a few regions that are very vulnerable according
to this vector, but the vast majority are in a better position.
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Analysing the weights assigned to each indicator in the index, we may
identify the indicators that determine the vulnerability of each specific
region. The conclusions obtained by country may be summarized as
follows.

Spain. The Spanish regions may be split into four groups:

• The smallest islands of Canary Islands (La Gomera, El Hierro
and La Palma) with little port activity.

• The two largest islands (Gran Canaria and Tenerife) deter-
mined mainly by passanger activity.

• The rest of the islands, Huelva, Gipuzkoa and Asturias repre-
sented mainly by the freight activity indicators.

• The remaining Spanish regions represented by a wide range of
port activities.

France. We can also distinguish four groups:

• Landes and Vendée with little port activity.

• Calvados, Manche and Ille-et-Vilaine determined mainly by
passanger activity.

• Eure, Côtes-d’Armor and Finistère characterized by an impor-
tant port presence but without much port activity.

• Seine-Maritime, Loire-Atlantique, Gironde, Charente-Maritime,
Morbihan and Pyrénées-Atlantiques are represented by a wide
range of port activities.

Ireland. The Irish regions may be split into two groups:

• Western and Border regions with little port activity.

• All other Irish regions represented by a wide range of port
activities.

Portugal. We can distinguish three groups of regions:

• Cávado, Região de Leiria, Lezíria do Tejo and Oeste with little
port activity.

• Região Autónoma dos Açores, Alto Minho, Região de Aveiro,
Região de Coimbra, Alentejo and Litoral represented mainly
by the freight activity indicators.

• All other Portuguese regions regions represented by a wide
range of port activities.

UK. We can distinguish the following groups of regions:
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• Belfast, Plymouth, Antrim, Bristol, Lancaster and Wyre, Brid-
gend and Neath Port Talbot, Sefton, Monmouthshire and New-
port, Cardiff and Vale of Glamorgan, Cornwall and Isles of
Scilly, Derry City and Strabane, South West Wales, West Cum-
bria Liverpool and Isle of Anglesey represented by a wide
range of port activities.

• Newry, Mourne and Down, Bournemouth and Poole, Dum-
fries and Galloway and Swansea represented mainly by the
freight activity indicators.

• Warrington, Cheshire West and Chester, Merseyside, Wirral,
Gloucestershire, Devon, Conwy and Denbighshire, Flintshire
and Wrexham, Bath and Somerset and the regions of Scot-
land characterized by an important port presence but without
much port activity.

• All other British regions with little port activity.
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3 Tourism

3.1 Vector design

Tourism is an important sector in the countries included in the At-
lantic Arc. In fact, some of them are leaders in world tourism. Thus,
in the world ranking of international arrivals France and Spain are
the leaders while United Kingdom occupies the fifth place. Specifi-
cally, World Tourism Organization figures for 2017 are the following:
278 million of tourists for France, 250 million for Spain, 158 million
for UK, and then 34 million for Portugal 20 million for Ireland (WTO,
2018). Nevertheless, in order to have an idea of the weight of tourism
in the Atlantic Arc, we have to take into account two features. First,
the weight of maritime tourism is quite different in these countries:
79% in Spain, 28% in Portugal, 23% in France, 10% in Ireland and
8% in UK (Foley et al., 2014). Second, that in France and Spain the
Atlantic area is not necessarily the most important one within the mar-
itime tourism sector. For example, in Spain the Atlantic Arc tourism
represents about 15% of total tourism in Spain (Fernández-Macho
et al., 2015).

The vector analysed in this section deals with vulnerability due to
tourism focusing on the pressure that tourist activities put on the coast.
In order to measure the impact of tourism, we consider several raw
indicators both from the demand and the supply sides (see table 4),
which have been the bricks used to compute the primary indicators of
coastal tourism pressure: seven related to tourism intensity and nine
to tourism density (see table 5).

The concepts of tourism intensity and tourism density are both rel-
evant for this analysis since they capture two different aspects of
tourism pressure.

• Tourism intensity indicators measure tourism demand/supply
with respect to local population so they can be interpreted as social
tourist pressure.

• Tourism density indicators measure tourism demand/supply with
respect to the area of the region so they reflect tourist pressure on
the territory.
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Table 4. Tourism raw indicators

Demand Arrivals (total)

Arrivals (hotels and similar accomodations)

Overnights (total)

Overnights (hotels and similar accomodations)

Supply Bedplaces (total)

Bedplaces (hotels and similar accomodations)

Establishments (total accommodation)

Establishments (hotels and similar accomodations)

Establishments (food and beverage)

3.2 Tourism Vulnerability Index Results

The results of the tourism vulnerability index has been computed for
the Atlantic Arc both at country level and at NUTS3 region level.

A. COUNTRY LEVEL

The results of the tourism vulnerability index aggregated by country
may be summarised as follows: Spain is the most vulnerable country
with and index of 3.4, followed by Portugal and United Kingdom,
while France and Ireland are in the last two positions with much
smaller indices (1.5 and 1.3, respectively).

A detailed analysis of the regional behaviour within each country may
explain these results. In this sense, table 6 shows some descriptive
statistics for the tourism vunerability index and table 7 the distribution
of the regions by quartiles, the first quartile consisting of the 25 most
vulnerable regions in each country, and so on.

The two most vulnerables countries are Spain and Portugal as is re-
flected in the descriptive statistics:

• They have the highest means and medians of their regional in-
dexes.
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Table 5. Tourism Pressure Indicators

Tourism Arrivals (total) / Population

Intensity Arrivals (hotels) / Population

Overnights (total) / Population

Overnights (hotels) / Population

Bedplaces (total) / Population

Bedplaces (hotels) / Population

Establishments (food and beverige) / Population

Tourism Arrivals (total) / Area

Density Arrivals (hotels) / Area

Overnights (total) / Area

Overnights (hotels) / Area

Bedplaces (total) / Area

Bedplaces (hotels) / Area

Establishments (accomodation) / Area

Establishments (hotels) / Area

Establishments (food and beverige) / Area
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• On one hand, Spain shows the highest minimum value and the the
region with the highest index is located in Portugal.

• Furthermore, the vulnerability index is above the median for 69%
of the Spanish regions and 77% of the Portuguese regions.

• Spain is the most vulnerable country because 44% of the Spanish
regions are in the first quartile of the index, only 31% of the Por-
tuguese regions are.

Table 6. Tourism vulnerability index by country: descriptive statitics

Mean Median St. Dev. Minimum Maximum

France 1.514 1.578 0.522 0.355 2.410

Ireland 1.329 1.139 0.870 0.584 3.239

Portugal 3.094 2.202 2.334 1.154 9.965

Spain 3.367 2.197 2.136 1.344 7.726

United Kingdom 2.511 1.895 1.930 0.451 7.794

Table 7. Regional distribution of the tourism vulnerability index by country

France Ireland Portugal Spain UK

1st quartile 0 1 4 7 13

(2.53 - 9,96)

2d quartile 3 0 6 4 12

(1.92 - 2.5)

3d quartile 7 0 2 5 11

(1.28 - 1.92)

4th quartile 4 6 1 0 14

(0.36 - 1.27)

France and Ireland occupy the last two places because:
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Table 8. Tourism weight by country

France Ireland Portugal Spain UK

Accommodation and Food sector 2.9% 1.9% 5.9% 6.3% 3%

Maritime tourism 23% 10% 28% 15% 8%

• They have the lowest means and medians of their regional indexes
and very small standard deviation.

• France presents the lowest minimum and maximum values for the
vulnerability index.

• Ireland is the least vulnerable country becsuse 86% of the Irish
regions are in the fourh quartile.

Regarding the United Kingdom, it may observed that its regions are
uniformely distributed in all the quartiles.

Table 8 shows information about the weight of maritime tourism by
country: the first row measures the percentage of the Acommodation
and Food sectors in the total GVA and, the second row, the percentage
of atlantic maritime tourism1. It may be observed that the results ob-
tained for the vulnerability index reflect, as expected, the importance
of tourism in the economy of each country.

B. REGION LEVEL

The results of the tourism vulnerability index by region show that
even though the range of the index goes from 0.36 for Eure in France
to 9.96 for Algarve in Portugal, the index is below 2.5 for 75% of the
regions.

The regions that occupy the first quartil, that is, the regions with higher
vulnerability index can be classified into two groups, which represent
two types of tourism:

1The percentage of atlantic maritime tourism in France should be lower since this
23% includes mediterranean tourism.
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• Tourist resorts. The first positions are occupied by Portuguese and
Spanish regions representative of what is called “sun and sand”
tourism model. Thus, the first one is Algarve, followed in positions
3 and 4 by two Canary Islands regions, Lanzarote y Fuerteven-
tura. Other clear examples of this tourism model are Gran Canaria,
Tenerife and Madeira located in positions 11 to 13. We find as well
in this group some of the most important seaside resorts in United
Kingdom such as Bournemouth and Poole (2d position), Blackpool
(6th position) and Plymouth and Torbay in the so called English
Riviera (7th and 8th positions), along with areas like the Lakes Dis-
trict (East Cumbria, 18th position).

• Urban Tourism. The main urban concentrations located in the At-
lantic Arc are included in this group. For United Kingdom, Belfast
in the 5th postition, Bristol in the 9th position, Glasgow and Liver-
pool in the 13-14 positions, Cardiff in the 25 position); for Portugal,
Lisboa in the 17th position and Porto in the 21th position); and for
Ireland, Dublin in the 22d position.

On the other hand, the group of regions located in the last quartil,
that is, with lower vulnerabiity index, consists of the Irish regions
(but Dublin), the Northen Ireland regions (but Belfast and Antrim),
four French regions, one Northen rural portuguese region, and some
regions in Scotland, Lancashire, Cheshire and Gloucesteshire. Note
that no Spanish region is included in this group.

As it was explained in section 3 the primary pressure indicators used
to compute the tourism vulnerability index have a dual facet: they
either come from the supply or demand side and they either put pres-
sure on society or the territory. To identify the class of indicators that
influence most the vulnerability index of a specific region, we analyse
the weights provided by the statitiscal method applied. The conclu-
sions obtained by country may be summarized as follows.

Spain. We could almost split the Spanish regions into two groups,
Canary Islands and the peninsula, with Cadiz as the only exception
to this rule.

The index for Cadiz and the Canary Islands (but Lanzarote) is de-
termined by the demand indicators. We observe that the indicators
related to social pressure influence more the index of Cadiz and
the big islands with mass tourism (Gran Canaria, Tenerife and Lan-
zarote) while the territorial indicators determine the index for the
smallest islands (Fuerteventura, Hierro, La Palma, La Gomera).
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Wit respect to the rest of the Spanish peninsula, the supply side
indicators related to territorial pressure are the most important in
the construction of the index (mainly, the ones related to the Food
services sector).

Portugal. The first conclusion is that, in general, the influence on the
vulnerability index of indicators related to social and territorial
pressure is quite balanced for the Portuguese regions, with the
exception of Alentejo Litoral and Letizia do Tejo where tourism
pressure is only on the territory. Second, we may distinguish three
groups of regions: Madeira, influenced by accomodation demand
indicators, Algarve, by accomodation supply indicators and the
rest of the regions dominated by the the Food service supply indi-
cators.

Ireland. We could conclude that the vulnerability index of the Iristh
regions is influenced mostly by indicators related to territorial pres-
sure, with the exception of Dublin where the social pressure is
more important. For the regions of Dublin, Western, MidWest and
MidEast, the demand side indicators of the accomodation sector
are the most important ones. For the rest of the regions the in-
fluence of demand and supply indicators is balanced. Note that
Dublin presents a differentiated behaviour since the most impor-
tant indicators come from the demand side putting pressure on the
society.

France. We observe that the influence on the vulnerability index of
indicators related to social and territorial pressure is quite balanced
for the French regions, with the exception of Landes where tourism
puts pressure only on the territory. On the other hand, we observe
three groups of regions: Calvados and Manche whose indexes are
determined by demand indicators, while the index for the rest of
the regions is determined by the supply side: the Accomodation
sector for the Landes region and the Food services sector in the
rest.

UK. As mentioned above, the coastal cities, Liverpool, Bristol, Glas-
gow, Belfast, present quite high vulnerability indices. These high
values come only from indicators related to tourism social pressure.
This kind of indicators are also very important for a few other re-
gions such as the touristic towns of Bournemouth, Blackpool and
Plymouth, among others.

On the other hand, for the majority of the British regions the vul-
nerability index is detemined by indicators coming from the territo-
rial pressure side. This is the case of most of the regions in Northen
Ireland, Highlands and Islands, Lancashire, Wales or Cumbria.
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With respect to the influence of demand and supply indicators in
the vulnerability index of a region, we may draw some general
conclusions:

• Coastal Towns. Only the index for Glasgow is detemined by
the demand indicators, because for the rest (Belfast, Cardiff,
Liverpool, Bristol) the supply side indicators are the most
important.

• For the rest of the regions, the supply indicators are in gen-
eral the most influencial. That is the case of regions such as
Bournemouth, Blackpool, Plymouth, Cornwall or Torbay. We
only observe that the influence of the demand indicators is
important in the Scottish Regions and Cumbria.

Summarizing, we may conclude that while, in general, tourism puts
pressure on the regional territory, social pressure is observed in re-
gions related to big coastal cities and big and traditional tourist resorts.
On the other hand, it should be noted that supply side indicators show
in general the highest weights. Nevertheless, demand indicators influ-
ence greatly the index of some big cities, like Dublin and Belfast, and
traditional tourist regions such as the Canary Islands, Cadiz, Madeira,
Cumbria or Scotland.
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4 Protected coastal areas

4.1 Vector design

Natura 2000 is the largest coordinated network of protected areas in
the world. The aim of the network is to ensure the long-term survival
of Europe’s most valuable and threatened species and habitats, listed
under both the Birds Directive and the Habitats Directive. This vector
tries to capture the effect of the Natura 2000 network on maintaining
the resilience of ecosystems, especially in the marine environment.
In order to measure the effect of protected areas on the marine envi-
ronment four raw indicators (Table 9) were chosen, weighted by the
area of the region or in the case of marine sites, by the length of the
coastline, which gave rise to the four final indicators on which the
vulnerability index was calculated.

Table 9. Protected coastal areas raw indicators

Number of Sites of Community Importance (SCI) in the region

Total area of SCI in the region

Number of marine sites of Community importance (SCI) in the region

Total marine area of SCI in the region

4.2 Protected coastal areas Vulnerability Index Results

The results of the protected areas vulnerability index has been com-
puted for the Atlantic Arc both at country level and at NUTS3 region
level. Before analysing in detail this results, it has to be taken into
account that we are measuring vulnerativiy and the more protected
areas in a region the less vulnerable is. Theferore, the interpretation
of the values of this index is as follows: the higher the index, the less
vulnerable the region.

A. COUNTRY LEVEL

The results of the protected areas vulnerability index by country are
the following: United Kingdom occupies the first place with an index
of 0.6, followed close by Portugal, France and Spain while Ireland is
the least vulnerable country with an index much higher than the rest



IEP/MOSES-WP6.Act.3/IT2020 16

(4.1). As a matter of fact, Ireland is the country with the highest level
of protected areas, followed by Spain, thanks mainly to the protected
areas of the Canary Islands.

The analysis of the information provided by tables 10 and 11 about the
regional behaviour within each country helps understand the results
obtained for the index. Thus, the most vulnerable country according
to this vector is United Kingdom. We observe that it has the lowest
median due mainly to the fact that 32% of the British regions do not
have any protected area and their index is 0.

The second most vulnerable country is Portugal:

• 15% of the Portuguese regions do not have any protected area.

• 31% of the Portuguese regions are in the first quartile.

Ireland occupies the last place, that is, Ireland is the less vulnerable
country. Table 10 shows that the regions in this country presents the
highest mean an median values by far. The smallest index for an Irish
region is 1.961 above 70% of the regions in the Atlantic Arc. Further-
more, the index of 86% of the Irish regions is in the fourh quartile (the
less vulnerable).

With respect to France and Spain that ocuppied intermediate positions
with very close indexes, it should be noted that 50% of the French and
Spanish regions are in the fourth quartile.

Table 10. Protected areas vulnerability index by country: descriptive statitics

Mean Median St. Dev. Minimum Maximum

France 2.018 1.947 0.977 0.166 3.466

Ireland 4.092 4.383 1.302 1.961 5.988

Portugal 1.138 0.403 1.970 0 6.925

Spain 2.588 2.123 1.593 0.324 6.437

United Kingdom 0.603 0.233 0.903 0 5.081

B. REGION LEVEL
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Table 11. Regional distribution of the Protected areas Vulnerability index by country

France Ireland Portugal Spain UK

1st quartile 0 0 4 0 21

(0 - 0.12)

2d quartile 2 0 5 2 16

(0.12 - 0.95)

3d quartile 5 1 2 6 11

(0.95 - 2.14)

4th quartile 7 6 2 8 2

(2.14 - 6.93)

The most vulnerable NUTS3 regions are those without protected areas,
neither terrestrials nor marines. There are eighteen of these in the
Atlantic Arc. Two of them are in Portugal, one in the North (Cavado)
and the other one; Leziria do Tejo, close to Lisboa. The rest are British
regions, in the areas of Cumbria, Lancashire, Liverpool, Glasgow and
Northen Ireland.

With respect to the regions with the highest values of the index, that is
the least vulnerable, we observed that:

• The list is headed by two islands, Madeira and Gomera with in-
dexes 6.93 and 6.44, respectively.

• For Spain and Portugal, the islands are the less vulnerable regions:
Canary Islands, Madeira, Azores,

• There are only two British regions, Bristol and Antrim, and all the
Irish regions but Mid-West.

• There are som French regions as: Pyrenees-Atlantiques, Manche,
Finistere,

The indicators used in this vector refer to two facets: on one hand
consider all the protected areas or only the marine ones, and on the
other measure the number of procteted areas or their area.
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The first conclusion we obtained is that the indicators related to the
number of the sites influenced more the value of the index than the
indicators related to their area. This result holds for every region in
the Atlantic Arc. Second, with respect to whether the weights assigned
to the indicators of the marine sites are higher that the ones related to
the total sites, the results are different for each specific region. Some
general conclusions may be achieved.

Spain. We may split the regions into two groups depending on the
indicators that receive more weight in the vulnerabiity index:

• Marine sites: Galicia (A Coruña, Lugo, Pontevedra), Andalucia
(Cadiz, Huelva), and two of the Canary Islands (Tenerife, Gran
Canaria).

• Total sites: Asturias, Cantabria, Basque Country (Gipuzkoa,
Bizkaia) and five of the Canary Islands (El Hierro, Gomera,
Lanzarote, La Palma, Fuerteventura).

France. All the regions but Eure and Pyrénées-Atlantiques are deter-
mined by the indicators related to marine protected areas.

Ireland. All the regions but Dublin are determined by the indicators
related to marine protected areas.

Portugal. We can distinguish three groups of regions depending on
the weight of the indicators:

• Without any protected area: Cavado and Letizia do Tejo.

• Marine sites: Alentejo Litoral, Oeste y Aveiro.

• Total sites: Leiria, Coimbra, Porto, Algarve, Lisboa, Alto Minho
and Madeira, and Azores: total PA (madeira area, the rest
number more)

UK. We can distinguish four groups of regions:

• Without any protected area: Plymouth, East Cumbria, Lan-
cashire, Merseyside , West Central Scotland and four Norhten
Ireland regions (Belfast, Ards, Causeway Coast and Mid and
East Antrim).

• Marine sites: South West Wales

• Total sites: Bournemouth, Torbay, Derry, Warrington, Sefton,
Mid Lancashire, Ayrshire, Inverness, Wales, Bath, Gloucester-
shire, Somerset.

• Balance between the influence of total and marine sites for the
rest of the regions. It should be noted that in this group are
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the least vulnerable regions in the UK such as Bristol (i=5.08),
Antrim and Newtownabbey (i = 2.32) and West Cumbria (i =
2.13).
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5 Bathing water quality and waste recovery

5.1 Vector design

This vector is based on coastal vulnerability due to human effects. In
order to measure these pressures this vector uses information from
two European directives, the Bathing Water Directive and the Waste
Framework Directive. Nine raw indicators have been chosen, four of
them measure the waste generation and treatment operations and the
other five indicators collect information on the quality of bathing wa-
ters. Therefore, vulnerability is related to both bathing water quality
and waste pressure.

Table 12. Bathing water quality and waste recovery raw indicators

Bathing water quality Total of Marine Bathing Places (MBP) in the region

MBP with excellent water quality

MBP with good water quality

MBP with sufficent water quality

MBP with poor water quality

Waste recovery Number of disposal incineration facilities in the region

Number of disposal landfill facilities in the region

Number of energy recovery facilities in the region

Number of recovery recycling facilities in the region

With these nine indicators, eight final indicators have been constructed.
To measure water quality, four indicators have been calculated with
the percentage of marine bathing places with excellent, good, sufficent
and poor water quality, respectively, for each region. The first two in-
dicators interpretation is the opposite of that of the other variables,
in order to incorporate their information into the vulnerability index
their values are multiplied by −1. The four raw indicators that mea-
sure the impact of waste generation and treatment operations have
been standardized using the population of the region.
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5.2 Water quality Vulnerability Index Results

The results of the water quality vulnerability index has been computed
for the Atlantic Arc both at country level and at NUTS3 region level.

A. COUNTRY LEVEL

The results of the protected areas vulnerability index aggregated by
country are the following: United Kingdom occupies the first place fol-
lowed close by France, Portugal and Spain while Ireland is in the last
position, the least vulnerable one. It should be noted that the differ-
ences between countries are smaller in this vector than in others such
as tourism or protected areas.

Table 13 and 14 provide summarized information about the regional
behaviour in each country that may explain the results of the index by
coutry.

United Kingdom and France are the most vulnerable countries accord-
ing to this vector. We observe that United is the country with the high-
est mean and median of the regional indexes by far. Furthermore, 72%
of the British regions have an index above the median of the whole re-
gions in the Atlantic Arc. On the other hand, table 14 shows that there
is no French region in the group of the 25 least vulnerable regions.

With respect to the least vulnerable countries, we observe that Ireland
occupies the last place, that is, Ireland is the least vulnerable country
because the index of all the Irish regions but Dublin is in the fourh
quartil. In the case of Spain it should be noted that the highest index
for a Spanish region is quite low (6.736) and almost half of the Spanish
region are in the group of 25 least vulnerable regions in the Atlantic
Arc.

B. REGION LEVEL

If we order all the NUTS3 regions in the Atlantic Arc by their water
quality vulnerability index we find that:
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Table 13. Water quality vulnerability index by country: descriptive statitics

Mean Median St. Dev. Minimum Maximum

France 6.572 6.187 0.844 6.034 9.152

Ireland 5.181 4.855 1.112 4.225 7.335

Portugal 5.988 5.801 1.005 5.108 9.065

Spain 5.629 6.064 1.129 3.396 6.736

United Kingdom 7.454 7.002 1.593 4.029 9.863

Table 14. Regional distribution of the Water quality Vulnerability index by country

France Ireland Portugal Spain UK

1st quartil 1 1 1 0 21

(9.87 - 7.31)

2d quartil 4 0 0 7 15

(7.31 - 6.42)

3d quartil 9 0 7 2 7

(6.42 - 5.71)

4th quartil 0 6 5 7 7

(5.71 - 3,39)

• The 11 most vulnerable regions are located in the UK, specifi-
cally, Cheshire, Gloucestershire and Bristol, Chorley, East Cumbria,
Merseyside, West Central Scotland.

• The most vulnerable region in France occupies position 12 (Eure),
in Portugal position 13 (Letizia do Tejo), in Ireland position 24

(Dublin) and in Spain position 36 (Gran Canaria).

• Three Spanish regions occupy the three least vulnerable positions:
Cantabria, Pontevedra an Lugo.

• If we consider the group of 20 least vulnerable regions we find
the seven Northen Spanish regions (located in Galicia and the Bay
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of Biscay), all the irish regions (but Dublin), three British regions
(Cardiff, Causeway Coast and Newry, Mourne and Down) and 4

Portuguese (Azores, Madeira, Algarve and Leiria).

As it was explained in section 5.1, two types of indicators conform
the vulnerability index of this vector, ones related to the quality of
the beaches and another to waste recycling. Analysing the weights
assigned to each indicator in the index, we may identify the indicators
that determine the vulnerability of each specific region.

Spain. The Spanish regions may be split into three groups:

• Canary Islands influenced only by the Energy recovery facili-
ties indicator

• Basque Country determined mainly by the Recovery recycling
facilities indicator

• Cadiz-Huelva, Galicia, Cantabria and Asturias represented
mainly by the Good water quality indicator

France. We can distinguish two groups:

• Eure, Gironde, Landes and Vendee indexes are determined
mainly by the water quality indicators, specifically the Good
water quality indicator with the exception of Eure whose indi-
cator is Excellent water quality.

• The rest of the regions are best represented by the Waste re-
cycling indicators but with some differences: the main indi-
cator for Bretagne, Charente, Calvados is Disposal landfill
facilities, for Manche, Energy recovery facilities, and for Loire-
Atlantique, Seine-maritime, Pyrénées-Atlantiques is Recovery
recycling facilities.

Ireland. The Irish regions may be split into two groups:

• Dublin, Mid-West, South East, South West best represented
by water quality indicators. It should be noted, though, that
Dublin is influenced by the indicators related to Sufficient and
Poor water quality while the other three regions are charac-
terised by the Good water quality. This fact explains the great
difference in the index values of these regions.

• Mid-East, Border, Western determined mainly by the Recovery
recycling facilities.

Portugal. We can distinguish two groups of regions:
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• Leziria do Tejo, Porto, Cavado, Alto Minho, Aveiro, Oeste,
Leiria, Algarve. The vulnerability index of these regions is
determined by Water quality indicators, specifically, Good
water quality, with the exception of Leziria whose indicator is
Excellent water quality.

• Alentejo Litoral, Coimbra, Lisboa, Madeira, best represented
by the Recovery recycling facilities indicators, and

• Azores by the Disposal landfill facilities indicator.

UK. We can distinguish the following groups of regions:

• Water quality indicators are the most representative, with
some exceptions, for the regions in Scotland, Northen Ireland,
East Wales and Anglesey, Cumbria, Cheshire, Gloucestershire,
Bristol and Bath, Liverpool, East Merseyside, Lancashire and
Plymouth. In total 31 out of 50 British regions. For most of
the regions the indicator with the highest weight (mostly 1) is
Excellent water quality indicator. The exceptions are Plymouth
and Cardiff with the Good quality indicator, Inverness and
West Cumbria with Sufficient quality indicator and Dumfries-
Galloway with Poor quality indicator.

• The rest of the British regions (19 out 50) have their indexes
determined by Waste recycling indicators, specifically:

– Energy recovery facilities is the only determinant in the
regions of East and North Ayrshire, Blackpool, Sefton,
Wirral, West Wales and the Valleys, Dorset-Somerset,
Cornwall and Bournemouth.

– Disposal incineration facilities in the Scotish regions of
Caithness and Lochaber and the North-Irish regions of
Causeway Coast and Newry, Mourne and Down.

– Recovery recycling facilities: Torbay and Devon.
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