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moses : Maritime, Ocean Sector and Ecosystem Sustainability: Fostering Blue 
Growth in Atlantic Industries

• EU transnational co-operation project of marine & economic research institutions:
– Ireland: 

• SEMRU, National University Ireland, Galway
• N&W Regional Assembly 

– UK: 
• Queen’s University Belfast (Northern Ireland)

– France: 
• IFREMER - Institut Français de Recherche pour l‘Exploitation de la Mer

– Portugal: 
• CIIMAR - Centro Interdisciplinar de Investigaçao Marinha e Ambiental

– Spain: 
• AZTI -Tecnalia Foundation
• Basque Maritime Forum
• IEP, University of the Basque Country (UPV/EHU)

• Creation: Interreg Project, 2014-2020 Atlantic Area Programme



WP6. Vulnerability Index

Objective (MOSES WP6): To assess and rank the vulnerability of 
Atlantic European coastal regions (NUTS3 level) to sectoral pressures.

Motivation: During the last decades, the EU has experienced  important increases in coastal pressures 
(resources, population, near-shore and on-shore infrastructures, etc.) 

Integrated European  environmental management policies offer a comprehensive approach to 
the protection of all European coasts and marine waters, ... 

• recognize the great environmental, economic, social, cultural and recreational importance of 
coastal zones. 

• in contrast, increasing deterioration of conditions as regards both the 
coasts themselves and the quality of coastal water.

Definition: 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 maritime transportation, port facilities and coastal socio-economic activities.



WP6. Vulnerability Index

Methodology: Synthetic indices of vulnerability 
• from relativized primary indicators 
• and flexible weights

for all NUTS3 Eurostat geographical areas 
and, by aggregation, for all regions and countries in the European Atlantic Area.

Savoir plus?: Fernández-Macho, J. etal, 2016. 
An index to assess maritime

importance in the European Atlantic economy. 
Marine Policy 115.

https://doi.org/10.1016/j.marpol.2015.11.011


WP6. Vulnerability Index

Primary indicators from 5 vulnerability vectors:
• Vector 1: marine spill risk
• Vector 2: port facilities impact
• Vector 3: tourism activities impact
• Vector 4: protection of coastal areas (natura2000)
• Vector 5: water quality and waste disposal

Savoir plus?: Fernández-Macho, J. etal, 2020. 
Assessing anthropogenic vulnerability of coastal 

regions: DEA-based index and rankings for the 
European Atlantic Area. Marine Policy 119.

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


WP6. Vulnerability Index

VECTOR 1.  MARINE SPILLS 

 Spill locations in Atlantic European waters 
and construct a marine spill risk index.

VECTOR 2.  PORT FACILITIES

 Assessment of vulnerability due to 
passengers and goods transportation. 

 Also indicators related to sustainability 
awareness (energy efficiency, land use, etc.)

VECTOR 3. TOURISM AND COASTAL ACTIVITIES 

 Indicators related to tourism and recreation 
pressure.

 Land use and infrastructure development.

VECTOR 4. PROTECTION OF COASTAL AREAS

 Indicators related to EU SCIs 
(Coastal Sites of Community Importance).

VECTOR 5. WATER QUALITY and WASTE DISPOSAL

 Indicators of bathing water quality 
(eg. blue flag beaches, etc.) 

 Waste disposal and energy recovery, etc.

OVERALL INDEX

 Synthetic from all 5 vectors.



WP6. Vulnerability Index

Statistical method: DEA-based index with flexible weights
• evaluate and compare 
relative coastal vulnerability of 
each NUTS3 small region in the 
Atlantic area…
• by summarizing all  vulnerability 
indicators into one single score.

• Selection of weights?
• Equal weights : fixed scores?
• Flexible weights : DEA scores :
• each region maximizes score 
relative to `vulnerability frontier’.



WP6. Vulnerability IndexOVERALL 
RANKING

• UK regions: Plymouth, Liverpool 
(9.8), Cheshire West and Chester 
(9.7), Chorley and West Lancashire 
(9.6), Lancaster and Wyre, 
Blackpool, East Merseyside (9.5), 
Warrington, Somerset and Mid 
Lancashire (9.2).

• Six more with a score greater than 
9.0. 

• Rest of Atlantic European: no 
regions with such high score. 

• In Portugal: Cávado (<9.0) and 
Porto (8.9).

• In France: Eure (8.9), Seine-
Maritime (7.9).

• In Spain: Cantabria (7.1) on the 
Bay of Biscay coast, A Coruña and 
Pontevedra (6.8) on the Galician 
coast and Fuerteventura (6.8) in 
the Canary Islands.

• In Ireland: highest score 
corresponds to Mid-West (6.1) in 
the 72nd position.
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OVERALL INDEX 
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OVERALL INDEX 

• Cartograms illustrate relative 
vulnerability by scaling surface area 
by index score.

• Regions with greatest vulnerability 
(10% quantile) belong to UK.

• In 1st quarter all but 3 (Cávado, 
Porto and Eure) are on the British 
coast.
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OVERALL INDEX
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AGGREGATED 
OVERALL INDEX 

By countries, 
average scores are 
UK 8.2, 
Portugal 7.1, 
France 6.2, 
Spain 5.4 and 
Ireland 4.0.

Overall 
Atlantic European 

average
is 7.1.



WP6. Vulnerability Index

OVERALL INDEX 
fuller comparison by violin plots…

• UK: compact score distribution 
but leaning towards high values, 

• Portugal: average score just 
above European Atlantic area, 

but highest heterogeneity with 
many regions above average, 
but with a large variation due 
to the lowest vulnerabilities 
shown in Madeira (0.8) and 
Açores (4.0). 

• Spain: most regions below 
average…
but similar shape (large variation) 
due to low vulnerabilities of 
Canary Islands.



WP6. Vulnerability Index

OVERALL INDEX… Summary… 

 UK is the country with the most 
vulnerable coast in the European 
Atlantic Arc, 
with most above the Atlantic European 
average. 

 Ireland is the country with the least 
coastal vulnerability, 
with a quite compact distribution of all its 
regions well below the Atlantic European 
average. 

 Nevertheless, considering the 
whole picture, most of the Atlantic 
European coast appears to be quite 
vulnerable..



WP6. Vulnerability Index

Statistical method: DEA-based peer groups
• As a by-product of DEA, a set of 
optimal weights are obtained 
specifying a vulnerability function 
that may be approximately shared 
among a peer group of regions 
with a similar vulnerability pattern.
•



WP6. Vulnerability Index

Statistical method: DEA-based peer groups

• Typical distance-defined 
clusters.



WP6. Vulnerability Index

Statistical method: DEA-based peer groups

•DEA-weights clusters.
• This clustering may be useful 
from an environmental policy point 
of view.

A
B

C

• it is only natural to think that 
policies aiming to reduce the 
vulnerability of a target region may 
be devised by focusing on the 
least vulnerable regions within the 
same peer group…
•that is, with the same vulnerability 
pattern.
•



WP6. Vulnerability Index

Peer groups… 

 European Atlantic DEA-based 
coastal vulnerability peer groups. 

 As a by-product of DEA, a set of optimal weights are 
obtained specifying a vulnerability function that may be 
approximately shared among a peer group of regions 
with a similar vulnerability pattern.

 This clustering may be useful from an environmental 
policy point of view.

 it is only natural to think that policies must be devised 
and implemented by looking at the least vulnerable 
regions within the same peer group, that is, with the 
same vulnerability pattern.

 Solid arrows point to the least vulnerable peer within 
each group; dashed arrows stem from regions in the 
vulnerability frontier (see text).
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For details:
Fernández-Macho, J., Pilar González and Jorge Virto, 2020. “Assessing anthropogenic vulnerability of coastal regions: 

DEA-based index and rankings for the European Atlantic Area.” 

Marine Policy 119.

javier.fernandezmacho@ehu.eus

mariapilar.gonzalez@ehu.eus

jorge.virto@ehu.eus

Many thanks for your attention

doi:10.1016/j.marpol.2015.11.011
mailto:javier.fernandezmacho@ehu.eus
mailto:mariapilar.gonzalez@ehu.eus
mailto:jorge.virto@ehu.eus
https://doi.org/10.1016/j.marpol.2020.104030
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More?: Fernández-Macho J,
Atlas of Science,

June 22,2017Spill locations and marine spill risk index for European coastal territories.

http://atlasofscience.org/wp-content/uploads/2017/06/Fig1-JavierFernandez-Macho.jpg
http://atlasofscience.org/oil-spills-can-be-catastrophic-which-european-coastal-regions-are-most-at-risk/#more-21868
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