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DESCRIPTION OF WORK PACKAGE 5  
The Blue Growth Agenda has placed the importance of marine resources for economic 

development in its forefront. Most of the reports on Blue Growth have focused on the 

potential value-added creation of the maritime sectors whose growth depends on healthy 

marine ecosystems. Following the implementation of the Marine Strategy Framework 

Directive (MSFD) (ref), the European Union (EU) member states started to assess the 

environmental status of their marine waters. 

 

The goal of the MSFD is to achieve Good Environmental Status (GES) of EU marine 

waters. The MSFD provides descriptors, associated criteria and indicators that include 

biological, physic-chemical and pressure indicators to interpret what GES means. 

However, and as highlighted by the European Environment Agency, following the initial 

assessments under the MSFD, more effort is needed to improve the understanding of the 

linkages between marine economic activities and their pressures and impacts on marine 

environment. 

 

Following this sequence, the aim of this work package is to define a set of activity specific 

pressure indicators and, where appropriate, identify cross-sectoral pressures that, in 

addition to the state indicators, can be used to implement a sustainable management regime. 

Let´s note that the work of developing a common set of pressure indicators, that can be 

used in the whole Atlantic Arc, requires coherence, coordination and cooperation: It is the 

correct way to provide an inter-regional comparative analysis of the environmental impact 

of the blue economy across the Atlantic Arc.  

 

Action title: Identification of best sectorial management practices 

that minimize pressures and regional gaps 

Action 3 description: This action will use the information generated in action 1 and 

2 to analyse the pressures from different marine activities and determine how the pressures 

vary in sectors across the different regions of the Atlantic Arc. This will allow us to identify 

best sectorial management practices and regional gaps. The results will be applied to the 

development of heat maps in WP4 and provide policy feedback through the case studies of 

WP 7, marine sustainability toolkit of WP 8 and capitalization of WP 3. 

Output description: A policy and strategic instrument that analyses the pressures 

from different marine activities and determines how the pressures vary in sectors across 

Atlantic Member States 
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EXECUTIVE SUMMARY 

Maritime economy direct and induced impacts on Ecosystem 

Services: a synthetic index applied to the EU Atlantic Area 
 

The Blue Growth Agenda has placed the importance of marine resources for economic 

development in its forefront. Most of the reports on Blue Growth have focused on the 

potential for value added creation of the maritime sectors whose growth depends on healthy 

marine ecosystems. Following the implementation of the Marine Strategy Framework 

Directive (MSFD) (Directive 2008/56/EC of the European Parliament and of the Council 

of 17 June 2008), the European Union member states started to assess the environmental 

status of their marine waters with the ultimate goal of achieving a Good Environmental 

Status. However, it is currently needed to improve our understanding of the linkages 

between marine economic activities and the pressures and impacts exerted on the marine 

environment when producing fishing rents and employment. 

 

The objective of this research is to define a synthetic index based on a set of indicators that 

will allow us to widely assess the use of the sea by maritime sectors. We identify for each 

maritime activity not only the use of the marine ecosystem from direct socio-economic 

impacts (using business indicators following a Standard National Account approach (SNA) 

but also, the ripple effect on the marine environment associated to those business 

indicators, based on the potential use/impact that socio-economic production has on the 

marine ecosystem services (ES), fish provision, regulation, and cultural ES. The first direct 

effect, measured through business indicators, determines how the activity contributes to 

economic development. Hereinafter, multipliers are applied to determine the impact of the 

activity on the marine ecosystem services. The size of these multipliers depends on 

characteristics of the activity such as the spatial extent or the frequency but also, on the 

specific characteristics of the natural system where the activity takes place. A larger 

multiplier should be identified if the socio-economic system is more dependent on the 

marine ecosystem services.   

 

The socio-economic system considers the blue growth assessment introducing traditional 

business indicators, employment, and other proxies but also, the size and scale of the use 

of the seas. The natural capital system is included by considering the sensibility of the 

benthic habitats to the maritime economic activities. And, identifying if there is or not an 

impact of these activities on the so-called marine ES. This new index will serve to create a 

common ground to conduct an inter-regional comparative analysis for the environmental 

pressure exerted by the blue economy activities across the European Atlantic Arc. 

 

The assessment reveals small annually increases of the ES impacts in each region during 

the studied period (2013-2015). However, under an overall approach considering together 

the impact coming from all regions it is stated that these are causing significant harm to the 

marine environment, that is, a high cumulative impact increase is obtained under the 

already described context of blue economy growth in the AA.  
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For the whole AA a cumulative impact increase around a 40% is observed. Grouping by 

ecosystem services, the largest increase in impact is associated with the fish provisioning 

ecosystem service (k=1) which is 36%, followed by the increase in the regulating 

ecosystem service (k=2) which is 16%. Being the supporting and cultural ones the most 

stable over time. Moreover, along the studied period, the impact increase shown by the Pkr 

index is more than proportional to the increase in the use of the sea, measured through the 

economic business indicators. Being the direct increase around a 7% and the more than 

proportional impact around 33%. When using employment indicators, the increase in the 

employment is around 8% in the studied period and the related impact around 60%. 

 

 

Keywords: Business indicators, Ecosystem Services, EU Atlantic, Maritime Economy, 

Synthetic index 
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1. Introduction 

The Blue Growth Agenda (BGA) has placed the importance of marine resources for 

economic development in its forefront. Most of the reports on Blue Growth have focused 

on the potential for value added creation of the maritime sectors whose growth depends on 

healthy marine ecosystems. Following the implementation of the Marine Strategy 

Framework Directive (MSFD) (Directive 2008/56/EC of the European Parliament and of 

the Council of 17 June 2008), the European Union (EU) member states started to assess 

the environmental status of their marine waters with the ultimate goal of achieving a Good 

Environmental Status (GES). However, following the initial assessments of the European 

Environment Agency (EEA), this body highlighted the need to improve our understanding 

of the linkages between marine economic activities and the pressures and impacts exerted 

on the marine environment. The marine environment faces a wide range of pressures due 

to human activities, such as maritime transport, oil exploitation, climate change, pollution, 

and eutrophication. These pressures are added to the non-anthropogenic pressures, 

compromising the capacity of marine ecosystems to provide ecosystem services, upon 

which much of humanity relies (Rockström et al., 2009, Cooley et al., 2009, Korpinen et 

al., 2021). The anthropogenic threats to the marine environments must therefore be 

addressed and rectified, so as to ensure long term good environmental status of marine 

waters (Hattam et al., 2015, Boyes et al., 2016, Boyes and Elliott, 2014).  

Moreover, the European Commission (EC) has launched a recent communication 

(COM/2021/240 final) on a new approach for a sustainable blue economy in the EU 

Transforming the EU’s Blue Economy for a Sustainable Future adopting the following 

definition: “A sustainable blue economy promotes economic growth, social inclusion and 

improved livelihoods while ensuring the environmental sustainability of the natural capital 

of the oceans and seas” 

 

An important blue economy’s context is currently presented across the Atlantic Area (AA) 

coastal countries (https://ec.europa.eu/maritimeaffairs/policy/blue_growth_en) with both 

traditional (aquaculture, coastal tourism or mining) but also emerging sectors (marine 

biotechnology, ocean energy) providing roughly 5.4 million of quality jobs and generating 

a gross added value of almost €500 billion a year. Therefore, only by ensuring the blue 

growth sustainability can these good business and social indicators be maintained in the 

medium and long term. In this sense, a greater research effort is needed to operationalize 

the way in which the different sectors can define and evaluate their contribution not only 

to the improvement of those socioeconomic variables, but also, to the sustainability of the 

marine areas used. European policies such as the MSFD established a common framework, 

to be further developed by Member States (MS), under which MS should be able to assess 

their use of the seas, through their national maritime economic activities, and their 

socioeconomic profitability. A major challenge lies in the need to spread the concept 

among policy makers and sector-related stakeholders to ensure that only sustainable 

activities are developed in the AA. It is not an easy task as it requires coordination at AA 

and supra-AA levels since economic activities are carried out across regional, national and 

even AA borders and, therefore, the concept and assessment of the blue growth 

sustainability represent a common transnational challenge.  

https://ec.europa.eu/maritimeaffairs/policy/blue_growth_en
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When assessing the blue growth values and their induced impact on marine sustainability, 

it is important to consider that some national activities take place out of the AA borders. 

Thus, the blue growth assessment provided by these MS national activities, measured in 

terms of revenues and jobs, does not necessarily explains local impacts on the AA marine 

environment.  

In recent decades, much research effort has been devoted to identifying and assessing the 

links between human activities and changes in the state of marine and coastal ecosystems. 

Most studies (e.g., Halpern et al., 2008; Knights et al., 2013; Oberle and Schaal, 2011) 

follow the recommendation made in the early 1990s by international institutions such as 

the OECD and the EEA to describe these linkages using the so-called ``Drivers, (D) 

Pressures (P), State (S), Impact (I) and Response (R)’’ conceptual framework. By 

identifying this chain of causal linkages, the DPSIR framework has proven to be a useful 

and flexible tool for analysing complex interactions and transferring knowledge from 

science to management. Gari et al. (2015), Lewison et al. (2016) and Patricio et al. (2016) 

provide comprehensive reviews of articles, reports and projects that apply this framework 

to coastal socio-ecological systems. As argued by Oesterwind et al. (2016) and Scharin et 

al. (2016), there is high degree of variation in the interpretation of terms D and P, which 

can lead to confusion and pose difficulties for interdisciplinary collaboration and 

communication between natural and social sciences. To appeal for consistent agreement 

on the DPSIR terminology, this research follows Oesterwind, et al. (2016). Recently, Elliot 

et al. (2017) have argued for an extension of the DPSIR framework to DAPSI(W)R(M) in 

which (D)rivers of basic human needs require (A)ctivities that led to (P)ressures. This 

extended causal chain structure fits much better the purpose of our analysis, which seeks 

to explicitly link economic (A)ctivities to (P)ressures following a social science approach. 

Therefore, instead of using a physical pressure approach, we use the so-called ecosystem 

services (ES) approach to identify if any impact (pressure) on ecosystem services (marine 

biodiversity might be associated to the socio-economic production from blue growth 

sector. 

 

Finally, it is worth mentioning an emerging branch of the literature that uses quantitative 

methods to map cumulative human impacts on marine ecosystems. In pioneering work, 

Halpern et al. (2008) develop a multiscale spatial model specific to the ecosystem of the 

world’s oceans to study the distribution and intensity of human activities and the overlap 

of their impacts on marine ecosystems. Subsequently, several studies have applied a similar 

approach to different marine and freshwater regions around the world to assess spatial 

patterns of cumulative impact (Crain et al., 2008; Halpern et al., 2009; Selkoe et al., 2009; 

Micheli et al., 2013; Allan et al., 2013), assess the location and intensity of change in 

cumulative impacts over time (Halpern et al., 2015) and explore how cumulative impacts 

affect or relate to biodiversity conservation (Tittensor et al., 2010; Maxwell et al., 2013).. 

 

The research is organized as follows. Section 2 describes the methodology used to making 

up the overall index. Section 3 explains the impact index scores across the AA regions, 

while Section 4 discuss these results under the framework of the AA Action Plan.  
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2.  Methodological background 

The objective is to define a synthetic index based on a set of indicators that will allow us 

to assess the linkages between the socio- economic indicators and the potential use and 

pressures on marine ES. In which way, the production of benefits and employment by blue 

economic activities also implies the use of limited ES. These indicators will serve to create 

a common ground to conduct an inter-regional comparative analysis for the environmental 

pressure exerted by the blue economy activities across the European Atlantic Arc (Figure 

1). As it has been mentioned above, it is important for a correct interpretation of this 

economic analysis to be conducted that we start by clarifying the terminology that will be 

used. Thus, and relating it to the D(A)PSI(W)R(M) framework described in Elliot et al. 

(2017), here we will focus on the A(ctivities)-(P)ressure link of that causal chain. We 

depart from a characterization of the maritime economy for the European Atlantic 

periphery developed by the Marine Atlantic Regions Network (MARNET) project (EC, 

2011; Fernández et al. (2015), Foley et al. (2015)) for which a wide range of business 

indicators, physical indicators (also referred to as proxies) and population and social data 

were collected for each industry by NACE1 code (Statistical National Classification of 

Economic Activities). Here, some confusion of terms may arise from the fact that the 

above-mentioned indicators are named as ``activity’’ indicators, but they really refer to 

subsets or aggregate maritime ̀ `sectors’’. Besides, we should bear in mind that within these 

sectors (for instance, commercial fishing) there are many types of activities (for instance, 

trawling, long-lines, etc.) which each result in different Pressures. Our approach will thus 

be using indicators for sectors, for a purpose of simplicity. Under this study we consider 

the impact of activities on marine environment through the namely ecosystem services.  

 

Once the underlying context is settled, the index was created by building a sector-pressure-

socioeconomic-ecological component linkage (the ecological linkage namely impact chain 

in Knights et al. 2013). This index introduces some pressure assessment criteria and 

categories considering both a socio- economic system and a natural capital system. The 

socio-economic system introduces the blue growth assessment through using traditional 

 
1 This research is based on the proposal of Kalaydjian et al. (2010), organizing economic activities using the four-digit level NACE 3 

classification of economic.  Over the course of the last decade, many Member States have started to try to organise their industries in 

the sector in national clusters (Viederyte, 2013). In relation to this, in November 2005, European Network of Maritime Clusters (ENMC) 
was created, as a forum for regularly bringing together national clusters and coordinating efforts to promote the maritime sector. NACE 

is the statistical classification of economic activities in the EU. The NACE four-digit classification assigns unique two, three and four-

digit codes to each industry and it provides a framework for collecting and pre senting a wide range of statistics by economic activity.  
1 Borja et al, 2015 developed an overview of the criteria used to classify marine goods and services which vary between authors, having 

changed over time. For example, Primack (1993) proposed classifying marine services into those that generate direct (e.g., production) 

and indirect values (e.g., climate regulation, existence value). For comparison, Pearce and Moran (1994) classified the value of 
environmental assets into use and non-use values (existence and bequest values, respectively). Use values have been classified into 

direct use values (e.g., food provision) and indirect use values (e.g., the bioremediation of waste). These authors follow with the most 

recent classifications of marine services according to their function. For example, Daily (1997) identified in her classification the 
following marine ecosystem services or functions: the production of goods; regeneration processes; stabilizing processes; life-fulfilling 

functions; and the preservation of options. De Groot et al. (2002) classified ecosystem services according to the functions displayed by 

the system: production, regulatory, habitat, and information. Similarly, the Millennium Ecosystem Assessment (MEA, 2005) and 
Armstrong et al. (2012) classified ecosystem services into: provisioning (e.g., food, fuel, freshwater); regulatory (e.g., climate regulation, 

water purification); support (e.g., primary production, soil formation); and cultural (e.g., cognitive development, recreation). This work 

sets the emphasis on the following ecosystem services: provisioning services (food provision), cultural services (tourism and recreational 
services) and finally, a set of intermediate regulatory and supporting services. 
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indicators, employment, revenues, and other proxies, but also, the size and scale of the use 

of the seas needed to produce those business and social indicators. The natural capital 

system is included in two ways: on the one hand, by considering the sensibility of the 

benthic habitats to the maritime economic activities. On the other, identifying if there is or 

not an impact of these maritime activities on the so-called marine ES – notice that, it is not 

pretended to assess or quantify those last impacts on ES.2  

 
2 Borja et al, 2015 developed an overview of the criteria used to classify marine goods and services which vary between authors, having 

changed over time. For example, Primack (1993) proposed classifying marine services into those that generate direct (e.g., production) 

and indirect values (e.g., climate regulation, existence value). For comparison, Pearce and Moran (1994) classified the value of 
environmental assets into use and non-use values (existence and bequest values, respectively). Use values have been classified into 

direct use values (e.g., food provision) and indirect use values (e.g., the bioremediation of waste). These authors follow with the most 
recent classifications of marine services according to their function. For example, Daily (1997) identified in her classification the 

following marine ecosystem services or functions: the production of goods; regeneration processes; stabilizing processes; life-fulfilling 

functions; and the preservation of options. De Groot et al. (2002) classified ecosystem services according to the functions displayed by 
the system: production, regulatory, habitat, and information. Similarly, the Millennium Ecosystem Assessment (MEA, 2005) and 

Armstrong et al. (2012) classified ecosystem services into: provisioning (e.g., food, fuel, freshwater); regulatory (e.g., climate regulation, 

water purification); support (e.g., primary production, soil formation); and cultural (e.g., cognitive development, recreation). This work 
sets the emphasis on the following ecosystem services: provisioning services (food provision), cultural services (tourism and recreational 

services) and finally, a set of intermediate regulatory and supporting services. 
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Figure 1.  Atlantic Area Regions. Programme 2014-2020 (https://www.atlanticarea.eu/)  

 

 

The methodology for translating (A)ctivities to (P)ressure on ES of the marine environment 

will combine a set of matrixes across the socio-economic system and the natural capital 

system as it is showed at Figure 2.   

  

https://www.atlanticarea.eu/
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Figure 2. Overview of the methodology 

 

We define 𝑃𝑘,𝑟 as a Blue Economic Pressure Index which measures the pressure generated 

by the n economic activities developed by region r, 𝑘,￼as follows 

  

𝑃𝑘,𝑟 = ∑ 𝑤𝑖𝑘 𝜇𝑖𝑘 𝐴𝑖𝑘

𝑛

𝑖=1

 

where, 

- 𝑤𝑖𝑘 is a weighted factor that allows the linear aggregation: ∑ 𝑤𝑖𝑘
𝑛
𝑖=1 . It can also be 

a social factor representing stakeholders’ perceptions. We can analyze and compare 

the results obtained when 𝑤𝑖𝑘 is changed.3 

 
3 The weighted factor, 𝑤𝑖𝑘 , can be also a social factor representing stakeholders’ perceptions. We can analyze and compare the results 

when 𝑤𝑖𝑘 is determined by different stakeholders: researchers, maritime sectors related stakeholders or policy makers. Besides, 𝑤𝑖𝑘 can 

be modified by multiplying it by the inverse of the standard deviation of each of the components in 𝑃𝑘,𝑟. The sum of all the weighted 

factors multiplied by the inverse of their standard deviation should be equal to 1 and this will minimize the influence over the index of 

those individual components with a high degree of volatility (Mondejar and Vargas-Vargas, 2008). 
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- 𝜇𝑖𝑘 is the weight of the pressure exerted by the economic activity 𝑖 on the ecosystem 

service 𝑘. Based on a literature review we assign a weight to the pressure that each 

of the blue economic activities (𝑖 =1, …, n) has on each of the ecosystem service 

(𝑘 = 1, … , 𝑚). Following Halpern et al. (2008), we use a vector of weights (-1, 0, 

1) to translate (A)ctivities to (P)ressures on ES. Where: 1 means that the economic 

activity adds pressure on the environment; -1 means that it relieves pressure (e.g., 

positive effects on cultural ES); and 0 means that the activity does not exert any 

effect. As long as 𝜇𝑖𝑘 can be positive or negative, we will compute 𝑃𝑘,𝑟 separately 

for the positive and the negative values to avoid compensations among pressures. 

The values for each (A)ctivity are specified in Table 3. 

- Aik is a matrix of indicators for those (A)ctivities for which the weight 𝜇𝑖𝑘 is not 

0. This new matrix of indicators is directly linked to the socio-economic system 

and the natural-capital system. It allows us to take into account the frequency and 

the spatial extent of the activity to modify the blue economic values given by tha 

national accounts according to the following expression: 

 

𝐴𝑖𝑘 = 𝑎𝑖𝑘 ∗ 𝐴𝑟𝑒𝑎 ∗ (1 + 𝑆𝑝𝑎𝐸𝑥𝑡) ∗ (1 + 𝐹𝑟𝑒𝑞) 

 

𝑎𝑖𝑘 represents an economic or social indicator used to quantify the blue economy value, 

different for each pair composed by an (A)ctivity, i, and an ecosystem service (k). It is 

based on previous academic studies focused on setting a comprehensive understanding and 

accurate quantitative measurement of maritime sector activities (Fernández et al. (2015), 

Foley et al. (2014), Kalaydjian et al., 2010; Surís-Regueiro et al., 2013; Zhao et al., 2014; 

Kildow and McIlgorm, 2010). 𝑎𝑖𝑘 is built for introducing reliable marine socio-economic 

indicators, comparable across the regions that form the AA (see supplementary material 

for the detailed description of the collection, classification, and presentation of reliable and 

comparable maritime socio-economic indicators for the AA following previous research). 

The set of socioeconomic indicators used is showed at Table 3 for each NACE maritime 

sector and ecosystem service. 

 

Area represents the percentage of the blue economy value created within the studied region, 

r, for which the index is estimated. SNA are usually used to populate the previous 

framework of indicators (𝑎𝑖𝑘). However, national statistics includes the value of each 

national (A)ctivity output without considering where it is developing it. The quantification 

of the pressure generated by (A)ctivities in any region is more difficult for those activities 

which belong to one AA region, r, but that have their activity out of the AA (i.e., fishing 

sector (NACE 3.11) and maritime transport sector (NACE 50.10, 50.20). In a similar way, 

an important part of the impact in the AA that comes from the non-regional economic 

(A)ctivities is therefore missing.  
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SpaExt assesses how the economic activity development overlap with the ecological 

components of the marine environment. The higher the spatial extent, the higher the impact 

linked to the blue economy value assessed, 𝑎𝑖𝑘. This indicator is composed by two 

variables: (i) extension used by the activity to generate economic rents, expressed in Km2, 

used by previous studies, and (ii) habitat sensitivity to the economic activities.  

This variable is built following a step-by-step process which output is ranked as it is 

presented in Table 1: 

Step 1. Benthic habitats in the studied EU Atlantic marine areas are identified and mapped 

(sourced by EDMONET). Those benthic habitats provide a wide range of ecosystem goods 

and services from which some economic activities depend. Step 2. Sensitivity of 62 habitats 

from the European North-eastern Atlantic Ocean is incorporated following the analysis and 

mapping by Alkiza et al, 2016. These authors show that fishing activities, especially by 

benthic trawls, coastal development, and mining, are the main threats to European seabed 

biotopes. Meanwhile, these same activities along with dredging, sediment disposal and 

hydrocarbon exploration are the ones affecting a huge number of habitats. Step 3. We 

overlap the Atlantic marine areas with each territorial region (NUTS2)4. Specifically, the 

NUTS2 2016 (terrestrial) regions were projected in the European grid, based on the 

European Terrestrial Reference System ETRS89 Lambert Azimuthal Equal-Area 

projection coordinate system (EPSG:3035). This allows measurement in metres, rather 

than degrees and it is the official European projection system widely used for Pan-

European analysis according to the EEA5. The median lines between NUTS2 regions 

within each Member State Exclusive Economic Zone were generated following a similar 

methodology with Marineregions.org6. More specifically, the median lines were calculated 

using Thiessen polygons (also known as Voronoi polygons) following this procedure: (i) a 

dense network of points was created along the coast using as input the polygon layer 

NUTS2 terrestrial boundaries in open-source geographic information system QGIS 3.2.0 

(function Extract vertices). Each point was automatically linked to NUTS2 based on the 

attribute NUTS2_ID.  (ii) The point layer produced was used as input to draw the median 

lines among the NUTS2 regions. Median lines connect points which are located at equal 

distance from each NUTS2 region. To do so, Thiessen polygons were created in QGIS 

3.2.0 (function Voronoi polygons). Again, each Thiessen polygon was automatically linked 

to NUTS2. Note that this process creates thousands of Thiessen polygons within each EEZ. 

 
4 NUTS2 terrestrial boundaries. NUTS_RG_01M_2016_3035_LEVL_2 - 

https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/nuts. 
5 EEA (2017). EEA reference grids. Available at: https://www.eea.europa.eu/data-and-maps/data/eea-reference-
grids INSPIRE (2017). D2.8.I.2 Data Specification on Geographical Grid Systems – Technical Guidelines. 
Available at: 
https://inspire.ec.europa.eu/documents/Data_Specifications/INSPIRE_DataSpecification_GG_v3.1.pdf 
6 Marineregions.org (2019). Methodology for the creation of the Maritime Boundaries. Available at: 
https://www.marineregions.org/eezmethodology.php 

https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/nuts
https://www.eea.europa.eu/data-and-maps/data/eea-reference-grids
https://www.eea.europa.eu/data-and-maps/data/eea-reference-grids
https://inspire.ec.europa.eu/documents/Data_Specifications/INSPIRE_DataSpecification_GG_v3.1.pdf
https://www.marineregions.org/eezmethodology.php


                            
 WP-05-Act-03 

13 
 

Step 4. Finally, once the areas are defined, and considering the sensitivity criteria from 

Alkiza et al., 2016 the spatial extent value is produced. 

 

Freq. represents how often a pressure type and ecological characteristic interaction occurs 

measured in months per year and standardized to 100%. Previous literature (Knights et al. 

2013, Knights et. al. 2015) is considered when defining this variable but updated to include 

the seasonal characteristic of some economic activities, which are usually carried out across 

the whole year but with a higher intensity in some specific months. Table 2 shows the 

values we consider: Persistent -100%; Common – 70%, Occasional- 40% and, Rare – 20%. 

Statistical sources are used to estimate it when available. In other cases, the data is 

completed using empirical knowledge. 

 

 
Table 1. Spatial Extent 

Extension in Km2 Habitat sensitivity to 

economic activities 

Numeric score 

(standardized value 

to 100%) 

Widespread High 100% 

Widespread Medium 90% 

Widespread Low 80% 

Local High 100% 

Local Medium 70% 

Local Low 60% 

Site High 100% 

Site Medium 50% 

Site Low 40% 
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Table 2. Frequency 

Qualitative value Description Numeric score 

(standardized to 

100%) 

Persistent Where the economic activity pressure is 

introduced throughout the year 
100% 

Common Where the economic activity pressure is 

introduced in mainly 5 months of the year 

70% 

Occasional Where the economic activity is 

introduced in 3-4 months of the year 

40% 

Rare Where the economic activity is 

introduced in 1-2 months of the year 

20% 

 
 

Some index-extensions are now discussed. On the one hand, we can also compute derived 

aggregated pressure values of the local economy on the marine environment by adding the 

effects on all the ecosystem services in one region, 𝑃𝑟, or by adding the effects on all the 

regions, r (r = 1,….z) for each ecosystem service. Those are cumulative impacts: 

𝑃𝑟 = ∑ 𝑃𝑘,𝑟

𝑚

𝑘=1

 

𝑃𝑘 = ∑ 𝑃𝑘,𝑟

𝑧

𝑟=1

 

On the other, given that a part of the impact in the AA that comes from the non-regional 

economic (A)ctivities is missing. 𝑃𝑘,𝑟 is complemented by a territorial impact index, 

following the same approach, but including regional and non-regional (A)ctivities 

operating in the AA, specifically, marine fishing and maritime transport (A)ctivities. 
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Table 3. Variables and indicators by NACE (A)ctivities (for Nuts 0 and Nuts 2) 

 
 

Classification 
NACE Variable Description 

Type 
(quantitave 

or 
qualitative) 

Indicator* 
Ecosystem Services, K 

(impact on it  
1, -1, 0) ** 

(0) 
(1) (2) (3) (4) (5) (6) 

       

All sectors  
 
3.11;3.21 
8.12; 9.90; 30.11;30.12; 
35.11;50.10; 
50.20;55.10; 
55.20;55.30; 
56.10;56.30; 
77.34;93.11; 
93.29 
 

µ.weight 
µ values – represents the sign of the 
pressure exerted by the activity on ES Qualitative  -1,0,1 

 
 

1, 2, 3, 4 

𝑤𝑖𝑘 

Weighting factor for linear 
aggregation Quantitative 

∑ 𝑤𝑖𝑘 = 1

𝑛

𝑖=1

 

 

 
 

1, 2, 3, 4 

 Economic Activity indicator 𝐴𝑖𝑘 

All sectors 

3.11; 3.21 
8.12; 9.90; 30.11;30.12; 
35.11;50.10; 
50.20;55.10; 
55.20;55.30; 
56.10;56.30; 
77.34;93.11; 
93.29 

(% 𝑎𝑟𝑒𝑎) 

% of economic indicator value within 
AA Quantitative  1 

Extension 
Km2  Qualitative Widespread, Local, Site 

- 

Habitat 
sensitivity  Qualitative High, Medium, Low 

- 

% spatial 
extent   [40%-100%] 

 

% 
frequency 

How often the economic activity 
takes place yearly Qualitative 

Persistent, Common, 
Occasional, Rare 

- 

CO2 Carbon footprint Quantitative GHG emissions (Tme)  
- 

Living resources  
3.11 – Marine fishing 𝑎𝑖𝑘 Economic indicator Quantitative V12110, V16110, 

 
1 (1), 2 (1), 3 (1), 4 (-1) 

 
3.21 – Marine aquaculture 𝑎𝑖𝑘 Economic indicator Quantitative V12110, V16110 

 
1 (0), 2(1), 3(1), 4(1) 

Non-living resources 8.12 – Operation of gravel and sand pits; mining of 
clays and kaolin 𝑎𝑖𝑘 Economic indicator Quantitative V12110, V16110, P9 

 
1(0), 2(1), 3(1), 4(0) 

 
9.90 – Support activities for other mining and 

quarrying 𝑎𝑖𝑘 Economic indicator Quantitative V12110, V16110, CO2 

 
1(0), 2(1), 3(1), 4(0) 
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Classification 

NACE Variable Description 

Type 
(quantitave 

or 
qualitative) 

Indicator* 
Ecosystem Services, K 

(impact on it  
1, -1, 0) ** 

(0) 
(1) (2) (3) (4) (5) (6) 

 
35.11 – Production of electricity 𝑎𝑖𝑘 Economic indicator Quantitative V12110, V16110, P13 

 
1(0), 2(1), 3(1), 4(0) 

Ship and boat 
building 

 
30.11 – Building of ships and floating structures 𝑎𝑖𝑘 Economic indicator Quantitative V12110, V16110 

 
1(0), 2(1), 3(1), 4(1) 

 
30.12 – Building of pleasure and sporting boats 𝑎𝑖𝑘 Economic indicator Quantitative V12110, V16110 

 
1(0), 2(1), 3(1), 4(1) 

Transport  
50.10 – Sea and coastal passenger water transport 𝑎𝑖𝑘 Economic indicator Quantitative V12110, V16110, P18 

 
1(0), 2(1), 3(1), 4(-1) 

50.20 – Sea and coastal freight water transport 𝑎𝑖𝑘 Economic indicator Quantitative V12110, V16110, P19 
 

1(0), 2(1), 3(1), 4(0) 

Coastal tourism  
55.10 -Hotels and similar accommodation,  
55.20 – Holiday and other stay- accommodations, 
55.30 – Camping grounds, recreational vehicle parks 
and trailer parks 𝑎𝑖𝑘 Economic indicator Quantitative 

V12110, V16110, P20, 
CO2 

 
1 (0), 2(1), 3(0), 4(-1) 

 
56.10- Restaurants and mobile food services 
56.30 – Beverage serving activities. 
77.34 – Renting and leasing of water sport 
equipment 𝑎𝑖𝑘 Economic indicator Quantitative 

V12110, V16110, P22, 
CO2 

 
1(0), 2(1), 3(0), 4(-1) 

 
93.11 – Operation of sport facilities 𝑎𝑖𝑘 Economic indicator Quantitative 

V12110, V16110, P23, 
CO2 

 
1 (0), 2(1), 3(1), 4(-1) 

 
93.29 – other amusement and recreation activities 𝑎𝑖𝑘 Economic indicator Quantitative 

V12110, V16110, P24, 
CO2 

 
1, 2, 3, 4 

Within the cells, x stands for data found and collected, N for data not found and 0 for no activity NF: Not considered in the theoretical framework 

*V12110 – Turnover or gross premiums written (1,000 EUR), V16110 – Number of persons employed, P1 – Landing tonnage (1000 tonnes), P9 – Overall sand and gravel production value (million EUR), P13 – Installed capacity of marine renewable energy/type of technology (MW), P18 

– Overall passenger traffic (1,000 passengers), P19 – Overall goods throughput (1,000 tonnes), P20 – Number of nights (1,000 nights), P22 – Number of establishments, P23 – Number of nautical sport facilities, P24 – Number of marina berth, moorings and ashore places. CO2 – Carbon 

emissions. 

**k=1 provisioning ecosystem service, k=2 regulating ecosystem service, k=supporting ecosystem service and, k=4 cultural ecosystem service. In brackets it is specified the weights (-1, 0, 1) to translate each NACE (A)ctivity to (P)ressures on ES 

Year: 2013,2014, 2015  
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3. Case study: maritime economy in the European Atlantic Area  

The European Atlantic Area is a large geographical area stretching from the north-west to 

the south- west of Europe, mainly connected by the Atlantic Ocean. This research includes 

a wide range of maritime (A)ctivities in both traditional and emerging sectors. A total of 

17 activities are considered for each NUTS 2 region across Atlantic Arc (AA), implying a 

total of 33 regions. The list of variables and indicators is specified in Table 3 and, in total, 

about 6,000 data-observations are included in the analysis.  

Previous literature developed a raking of those activities following a cluster analysis, based 

on a set of variables collected between 2009 and 2011 (Fernández et. al.,2015) to identify 

potential areas of regional homogeneity across the European Atlantic Arc. This analysis 

didn`t specify a particular statistical model nor make any assumptions about the underlying 

distribution of the data. Broadly, this previous research identified three classifications: The 

Spanish regions have values greater than the means for variables related to sectors 3.21, 

56.10, 56.20 and the contrary happens for 55.20 and 55.30 being UK the country with the 

highest values. These two groups of variables order the regions with the Spanish regions 

at one extreme, Ireland and the United Kingdom at the other, and Portugal and France in 

the middle, relatively close to Spain. The third classification corresponds to variables 

describing marine fishing and seafood processing (03.11 and 10.20) and hotel 

accommodation (55.10). In this case, we have the regions of Spain and Scottish Highlands 

and Islands with high values, while all the other regions have low values.  

 

The blue economy trend is shown from 2009 to 2016 and the impact analysis is done from 

2013 to 2015.  In France, overall, the share of the blue economy in terms of Gross Value 

Added remained steady between 2009 and 2016 (0.9% share), but employment has not a 

clear pattern. The French maritime economy is dominated by living resources (fishing 

sector) reaching 1200 million euro in 2016, 75% of which is associated with the AA and 

coastal tourism both inside and outside the AA. The importance of marine energy in the 

NUTS FRH0 is also noteworthy. 

Overall, the blue economy in Ireland has increased in recent years in relation to 2009. The 

he most relevant increases were in living resources (75%), 83% in ports, 18% in 

shipbuilding and 25% in tourism. Fishing activity is key in Northern and Western Ireland 

(NUTS IE04), shipbuilding of ships and floating structures is more important in NUTS 

IE04 and Southern Ireland (IE05), while shipbuilding of pleasure and sporting boats is very 

important in NUTS IE04 and Eastern and Midland Ireland (IE06). 

In Spain, the share of the blue economy GVA in the national Gross Domestic Product 

increased by 7% between 2009 and 2016. This increase is mainly due to the living resources 

sector (fishing sector and aquaculture), coastal tourism and building of ships and floating 
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structures (mainly in Galicia (ES11)). The AA living resources represent 84% of the total 

resources, the most relevant being, Galicia and Canarias (ES11 and ES70), while the AA 

shipbuilding activity reaches 50% of the total with Galicia (ES11) being the region that 

contributes the most. 

The Portuguese blue economy remained stable between 2009 and 2012 but subsequently 

increased to reach the highest level in 2016. Living resources (21%) and coastal tourism 

(75%) are the two main contributors to the blue economy and the main regions are PT11 

and PT17. 

Finally, UK overall blue economy increased in the studied period across all sectors: living 

resources (34%), oil extraction (5%), shipbuilding (90%) and coastal tourism (3%). The 

AA regions UKD1 and UKK4 are key contributors to the shipbuilding and UKD4, UKL1 

are the most important areas for energy extraction sectors.  

 

Around 95% of the Atlantic maritime activity takes place within the Atlantic Area, 

however, if we focus on the fishing sector (3.11) this percentage decreases significantly up 

to 37% or 64%, for Spanish, French, and English fishing sectors. This is key when 

assessing the impact of the national blue economy in this Atlantic Area, as the Galician 

fishing sector (ES11) is one of the largest contributors to Value Added in Europe but has 

one of the lowest impacts on the Atlantic Area food provisioning ES. The average 

frequency varies between occasional and persistent following the values shown in  

 .  The activity is persistent mainly in the case of fully maritime sectors as the aquaculture 

(3.21) and boat and shipbuilding (30.11, 30.12); close to persistent value for fishing activity 

(3.11) and low for the maritime transport sectors and tourism. Note that these values are 

highly dependent on the specific coastal regions (NUTS). Take, for instance, the tourism 

related sectors (55.10, 55.20, 55.30, 56.10, 56.30, 77.34, 93.11 and 93.29) which represent 

a persistent activity for all Portuguese regions but common and even occasional and rare 

for regions of the other countries. As will be shown below, this explains why Portugal’s 

coastal areas have the highest impacts on cultural ES along the Atlantic Area.  

 

Figure 3 also shows the average values adopted for the “spatial extent” for each maritime 

sector, being “widespread” the most common. 
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(a) 

 

(b) 

 
Figure 3. Average frequency: (a) Zoom to all tourism sector by NUTS and (b) all remaining sectors 
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4. Results  

An interactive online application has been developed to facilitate the visualization of the 

Pkr values for each region (NUTS), NACE (A)ctivities, ES between 2013 and 2015. The 

app is available on this link https://aztigps.shinyapps.io/Moses/, using the password: 

MOSES_AZTI. Different plots can be created by users and the R package is also available 

to introduce new input data to run again the Pkr index. This Application is relevant to guide 

final stakeholders when using the index output, but also to help other readers to go easily 

through all the potential combination outputs. 

 

4.1 European Overview findings: cumulative impacts 

We identify and evaluate the impact of the blue economy sectors across time and spatially, 

for each regional coastal areas (NUTS). These coastal regions obtain different economic 

outcomes from the same maritime sectors. The temporal evolution of the Blue Economy 

Pressure Index, Pkr index, is presented in Figure 4 aggregated for all the k ecosystem 

services.  

Figure 5 shows the results for this Pkr index for 2015 but separating the impact on cultural 

ES from the impacts on the remaining supporting, regulating and provisioning ES. The 

index value has not units moving between -1 and +4. The positive values are not generally 

relatively lower, in general with few outliers, indicating the presence at certain severity 

linked to the business accounting, spatially widespread and persistent development of the 

different maritime sectors. Large differences are observed spatially, as it is shown in Figure 

4 and  

Figure 5. Spanish, French, and Irish regions seem to produce a positive cumulative 

aggregated by ES impacts higher than those for Portugal´ regions. In the case of UK, 

missing data for some specific activities makes the assessment not to be completed. Pkr > 

0 means that economic activities at region r add pressure on the marine environment (the 

higher the value, the higher the pressure). Pkr < 0 means that economic activities at region 

r relieve pressure on the marine environment (cultural associated ES) being the higher 

negative Pkr values for Portuguese, Spanish, and French regions. UK data is incomplete 

and therefore the analysis only cover partially the total UK blue economy. The data to 

assess the Pkr for cultural ecosystem service is not available and therefore, it cannot be 

compared with the other regions. Impact on cultural ES closely linked to the tourism related 

activities, experience the highest impact in Portuguese regions partly due to the constant 

frequency across the whole year for those activities, in contrast to the non-persistent 

activities in the other countries ( 
 

Figure 3).  
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Figure 4. Pkr aggregated for all ES for each NUTS between 2013 and 2015 

 

 

Figure 5. Pkr aggregated for ES (k=1,2,3) and ES (k=4) in 2015 
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The assessment reveals small annually increases of the ES impacts in each region during 

the studied period. However, under an overall approach considering together the impact 

coming from all regions (even including the incomplete UK potential impact) it is stated 

that these are causing significant harm to the marine environment, that is, a high cumulative 

impact increase is obtained under the already described context of blue economy growth 

in the AA.  

For the whole AA a cumulative impact increase around a 40% is observed. Grouping by 

ecosystem services, the largest increase in impact is associated with the fish provisioning 

ecosystem service (k=1) which is 36%, followed by the increase in the regulating 

ecosystem service (k=2) which is 16%. Being the supporting and cultural ones the most 

stable over time. 

 

Moreover, along the studied period, the impact increase shown by the Pkr index is more 

than proportional to the increase in the use of the sea, measured through the economic 

business indicators. Being the direct increase around a 7% and the more than proportional 

impact around 33%. When using employment indicators, the increase in the employment 

is around 8% in the studied period and the related impact around 60%. 

 

Figure 6 shows the Pkr for each of the four ES considered, aggregated for all regions. It 

can be observed that the impact increases in all the cases from 2013 to 2015. Particularly 

high is the cumulative impact for the food provisioning ES, k=1, increasing the index value 

by about 85% in that time-period. In a similar way that it was stated by previous literature 

(Knights et al., 2015), the maritime sector impacting on k=1 is the fishing sector (3.11), 

precisely the sector posing the greatest increase in time. These previous authors indicated 

that 3.11 sector is associated with many widespread and frequent impact chains with severe 

consequences for the marine environment. This research also estimates a high widespread 

and frequency (see  

 

Figure 3) linked to a high business activity inside the AA. Additionally, for k=2 the total 

impact increased about 41% followed by a more moderated increase of the impacts on k=3, 

reaching a 19%. In general, the total economic value and its blue growth in the Atlantic 

Region is also accompanied by a generalized increase on the negative ES impacts. The 

positive impact on cultural ES, k=4, is growing relatively little from 2013 to 2015.  
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Figure 6. Pkr aggregated for the Atlantic Area 

 

Grouping impact by sector can be used to illustrate specific sectorial risks. The impacts on 

the four ES from most of the maritime sectors are relevant as it can be observed at Figure 

7. Fishing sector introduces high impact on food provisioning, k=1, ES as it was stated 

before, been the fishing (3.11), aquaculture (3.21) and other non-living resources sectors 

as the production of electricity (35.11) and the operation of gravel and sand pits; mining of 

clays and kaolin (8.12) and the ship building (30.11 and 30.12) the sectors highly impacting 

regulating ES, k=2. A set of sectors produce a key impact on supporting ES across all 

regions as some tourism related sectors (77.34, 93.11 and 93.29) and the ship building 

activities (30.11 and 30.12). Finally, all tourism related sector produces a notable positive 

impact (55.10; 55.20; 55.30; 56.10; 56.30; 77.34; 93.11; and 93.29). 

 

Region-specific sectorial risk can also be identified. To do it, we obtain the Pkr index for 

each NACE activity at the regional level (NUTS) and for each of the four ES considered. 

The results are shown in Figure 7. It can be observed that cross-regional differences are 

mainly obtained for the UK. To identify risk-sectors, we find similarities to results obtained 

in previous literature that used different methods (Piet and Jennings, 2005; Coll et al., 2010, 

Knights et al., 2015). Identifying those sectors acting as key drivers conducing the highest 

impacts on ES across the AA such as the commercial fishing, ship building, energy 

transportation and maritime transport. This research also considers other sectors as those 

implying a relevant coastal infrastructure as the tourism sector, which is not included as a 

sector impacting on k=1,2, and 3 ES but, as a well-identified primary sector driver 

providing positive impact on cultural ES, k=4. This output goes in contrast to the previous 

literature which consider coastal infrastructure also as a relevant driver of the ecosystem 

change (Bulleri and Chapman, 2009).  
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Figure 7. Sectorial Pkr for each region (NUTS) 
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Clustering the Atlantic Areas according to the maritime activity pressures two 

differentiated groups might be established (on the one hand, SP, FR, IR and on the other, 

UK and PT). Figure 9a and Figure 8b show the Pkr values for both groups of countries 

where huge differences between them can be observed. When comparing these pressure-

based groups to the previous literature ranking based on a business-indicators cluster 

analysis (Fernández et. al., 2017) the impact assessment index ranking produces similar 

order (except for Irish regions) when Pkr>0. That is, Spanish regions at one extreme, the 

United Kingdom at the other, and Portugal and France in the middle, relatively close to 

Spain. Irish regions are located between French and Portuguese regions according to their 

Pkr but closer to Spain following previous research.  

 

 

Figure 8a. Pkr results (SP, FR, IR) 
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Figure 9b. Pkr results (UK, PT) 

 

4.2 Robustness and Sensitivity 
A sensitivity analysis was performed to assess the robustness of Pkr index checking all the 

processes made when constructing composite indicators on the selection of indicators and 

data normalization, which results are observed at Figure 10 and  Figure 11. The latest shows 

the relatively small volatility for the different aik values, showing higher Pkr volatilities 

for k=1 at FRH0 and IE05. Similarly, for k=2 at UKD4.  

 

 
Figure 10. Pkr at different normalization methods 



 
WP-05-Act-03 

27 
 

 
 
Figure 11. Pkr at different aik values 
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It is also very important to check what the impact can be when considering the national 

accounts without discounting the effect of the business activity developed outside the 

Atlantic Area. We have estimated it for the NUTS2 regions of Spain and results are provided 

in Figure 12. For the rest of the regions of the Atlantic Area, the value for the AREA variable 

is equal to 1, as far as we do not know how much of their activities take place outside the 

AA.  

Galicia (ES11) shows the highest difference between the original impact and the new one 

simulated. This is due to the fishing activity mainly impacting in k=1 (food provisioning ES). 

This is illustrative of the bias introduced when providing assessment of the use of the seas 

through the national accounts (Figure 12). 

 

 
Figure 12. Pkr at different AREA values for Spanish regions 
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4.3 National approach findings 

The blue strategy in the AA must be taken as a global strategy to promote a reduction of the 

cumulative impacts in the marine environment. However, a national approach is already 

important to analyze the contribution of each coastal region to the cumulative impacts. This 

is also useful to determine how the same economic sectors may have different impacts on the 

marine environment across regions. 

 
Table 4. Regional, intertemporal, and sectorial impacts summary at national level 

 Regional distributed impact Intertemporal evolution Sectorial impacts 
 PKr based NUTS 2 - 

Ranking  for k=1,2,3 

 

 

PKr based NUTS 2 – 

Ranking for k=4 

 

Intertemporal 

PKr impact on k=1,2,3 

Intertemporal 

PKr impact for 

k=4 

Most impacted 

sectors 

Country Possible to establish a 

ranking: yes, or not 

Possible to establish a 

ranking: yes, or not 

 

Large–Moderate- 

Small-increase 

()/decrease () 

Maintenance () 

 

Large– Moderate – 

Small- increase 

()/decrease () 

Maintenance () 

 

 

SP Yes 
Highest ES11, ES61, ES 70  

Lowest: ES21, ES 

Yes 
Highest: ES11, ES 70  

Lowest: ES61, ES21, 

ES13  

Low : ES21 

Low : ES11, ES70, 

ES61, ES13 

Maintenance: All 3.11, 3.21, 30.11, 
8.12, 93.11,93.29 

UK Yes but based on partial data 

Large: UKL1 (2014-2015), 

UKD4(2014-2015), UKM6, 
UKK4, UKD1 (2013) 

Moderate: UKD1 (2015), 

UKK4 
Low: UKN0, UKD7 

Very low: UKK1, UKL2 

n.a Based on partial data 

Large : UKL1, UKD4 

Moderate : UKD7 

Moderate : UKM6 

 

n.a 3.11, 30.11, 30.12, 

35.11 

IR Yes 

Highest: IE04, IE05 
Lowest: IE06 

Yes 

Highest: IE05 
Moderate: IE04 

Lowest: IE06 

Low : IEO5, IEO6 

Large : IE04 

Low : IE04 

Moderate : IE05, 

IE06 

3.11, 3.21, 30.11, 

30.11 

PT Yes 
Highest: PT11, PT17, PT16 

Moderate-high:PT18, PT15 

Moderate-medium: PT20, 
PT30  

Yes 
Highest: PT17, PT11 

Moderate: PT15, PT16 

Lowest: PT18, PT20, 
PT30 

Large : PT11, PT17, 

PT16 

Moderate : PT20, PT30 

Moderate : PT15, PT18 

 

Moderate-high 

:PT11, PT15, PT17 

Moderate : PT16, 

PT30 

Moderate:PT18, 

PT20 

3.11, 8.12, 55.10, 
56.10, 56.30, 93.11 

FR Highest: FRHO 

Moderate: FRD1, FRG0, 
FRI1 

Low: FRD2, FRI3 

Highest: FRHO 

Moderate: FRD1, FRG0, 
FRI1 

Low: FRD2, FRI3 

Large  FRHO 

Moderate-large :FRD1, 

FRG0, FRI1, FRD2 

Low    FRI3 

Moderate:All 3.11, 93.11, 35.12, 

30.11, 30.12  
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Spain 

The temporal evolution of the Pkr index is stable showing a smooth increase of the impact 

on the first three ecosystem services (k=1, 2 and 3), for each region between 2013 and 

2015. Except for the Basque region, the only one who seems to reduce the negative 

impact along the three years. The interregional evolution of the index shows key different 

across regions by each ecosystem service although certain stability is observed. The 

regions with the greatest pressure on k=1,2, and 3 ES are Galicia (ES11), Andalucia 

(ES61) and Canarias (ES70). While regarding the positive impact of the marine activity 

on the cultural ecosystem service (k=4), there are also differences across regions, with 

the highest values corresponding to Galicia  (ES11), Canarias (ES70) and, in a lesser 

extent to País Vasco (ES21). The low impact of Galicia over ES k=1, when Galicia has 

one of the largest fishing sectors in Europe, is due to the fact that most of the Galician 

fishing activity takes place outside the Atlantic Area.  

According to the index values, we can establish a global region-ranking distinguising 

three main region-typology according to the following pressure scale: Relative higher 

impacts on the three regions: ES (Galicia (ES11), Andalucía (ES 61 Atlantic) and 

Canarias (ES70)). Relative lower impact for the remaining regions (Cantabría (ES13), 

Asturias (ES12) and País Vasco (ES21)) as it can observed at Figure 13. 

 

 

 
Figure 13. Pkr (SP) aggregated by NUTS (top) and by ES (down)  
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There are some key maritime sectors impacting the most on the ecosystem services. We can 

distinguish between, living resources, where we can find the fishing sector (3.11), a key 

sector impacting in the four ecosystem services (key for k=1) in all the Spanish coastal 

regions without exception, and marine aquaculture (3.21) in Galicia. Moving towards the 

ship and boat building (30.11) it is a very relevant sector in terms of its impacts on the ES in 

almost all the coastal regions but with more emphasis again for Galicia. There are other, non 

living resources, sectors whith high relevance as the mining activities (8.12) when impacting 

in k=2, 3 regulating and supporting ecosystem services. Finally, it is also for mention the 

high impacts associated to the coastal tourism  (93.11, 93.29, …). 

 

United Kingdom 

The temporal evolution of the Pkr index for the period 2013, 2014 and 2015 is quite diverging 

for some marine activites and for specific areas (see Figure 14). Overall, the most significant 

adverse impacts emerge from regulatory services, followed by supporting services mostly for 

the periods 2014 and 2015.  

The temporal evolution of the Pkr index shows severe increases of the impacts on the first 

three ecosystem services (k=1, 2 and 3), for certain regions (Lancashire (UKD4), West Wales 

and the Valleys (UKL1) from 2013 to 2015 and, sometimes moderate increases (Merseyside, 

UKD7) or not substatial changes in most of the regions. Only Highlands and Islands region 

(UKM6) experiences an impact reduction across studied years. 
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Figure 14. Pkr (UK) aggregated by NUTS (top) and by ES (down)  

 

Important differences are observed from year to year in relation to the Pkr based ranking. 

More specifically, the regions with the greatest adverse impacts in 2013 were the Highlands 

and Islands (UKM6), Devon (UKK4) and Cumbria (UKD1). In 2014 and 2015, the regions 

with the greatest impacts were Lancashire (UKD4), West Wales and the Valleys (UKL1), 

Highlands and Islands (UKM6), Devon (UKK4) and Cumbria (UKD1). The areas with the 

least adverse impacts consistently over the years 2013, 2014 and 2015 are East Wales 

(UKL2) and Gloucestershire, Wiltshire and Bath/Bristol area (UKK1). 

For food provisioning services, the negative impacts have been consistently low in some 

regions with the exception of Northern Ireland (UKN0), Cornwall and Scilly Isles (UKK3) 

and Devon (UKK4). Notwithstanding, the area with the greatest negative impacts is the 

Highlands and Islands (UKM6). 

For regulatory services, the areas with the greatest adverse impacts were in Lancashire 

(UKD4), West Wales and the Valleys (UKL1) and Devon (UKK4). The areas with minimal 

negative impacts are East Wales (UKL2) and Northern Ireland (UKN0) and Gloucestershire, 

Wiltshire and Bath/Bristol area (UKK1). 

In relation to supporting services, the areas with the greatest negative impacts are Lancashire 

(UKD4), West Wales and the Valleys (UKM6) and Devon (UKK4) and Cumbria (UKD1). 

The areas with low negative impacts are East Wales (UKL2), Northern Ireland (UKN0) and 

Gloucestershire, Wiltshire and Bath/Bristol area (UKK1). 
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Figure 15. Pkr (UK) aggregated by ES 

 

With regards to the positive impact of the marine activity on the cultural ecosystem service 

(k=4), these were recorded but very lower values in 2013 for the Highlands and Islands in 

2013 and 2014 and in Northern Ireland in 2014. Those impacts are higher compared to the 

previous impacts Cumbria (UKD1) and Devon (UKK4).  

Overall, there are some key maritime sectors impacting the most on the ecosystem services 

(Figure 16). In terms of commercial fishing (3.11), this is a key sector impacting the four 

ecosystem services in all of the UK’s coastal regions with the greater negative impacts 

occurring in the Highlands and Islands and Northern Ireland. Conversely, there have also 

been some positive effects from fishing on cultural services in the Highlands and Islands 

(UKM6). Aquaculture is also having a negative impact in all coastal regions with the largest 

effects occurring in the Highlands and Islands, with the majority of these imapcts effecting 

regulatory services.  

In terms of gravel and sand pits and supporting services, there have been limited data 

available and as a consequence, it is not possible to report on impacts.  

With regards to ship and boat building (30.11; 30.12), there are associated impacts recorded 

in the majority of UK Atlantic Areas with the exception of Northern Ireland (UKN0) 

however, this is attributed to an incomplete dataset due to disclosure issues rather than a lack 

of activity. The areas with most significant impacts from ship and boat building are recorded 

in Devon (UKK4), Cumbria (UKD1) and Dorset and Somerset (UKK2). These impacts are 

mostly in the regulatory and supporting services.  

In relation to the production of electricity, from the data available, there are two regions with 

significant impacts and these are in West Wales and the Valleys (UKL1) and Lancashire 

(UKD4). This activity mostly effects regulatory and supporting services.  

With regards to hotels, accomodation and tourism-related activities, there were limited data 

available at the required geograohcial scale (NUTS level 2) however, for information on 

hotels and similar accomodation (55.10), the records indicated positive impacts on cultural 

services in the majority of regions. The data for the Highlands and Islands (UKM6) and 

Merseyside (UKD7) were unavailable.  
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Figure 16. Pkr (UK) by NACE 
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Ireland 

Overall, the Blue Economy Pressure Index for Ireland is dominated by k=1 (food 

provisioning) in all three NUTS2 regions. The second highest element of the Pressure Index 

is the k=2 (regulatory) ecosystem service followed closely by k=3 (supporting) ecosystem 

service. The cultural ecosytem service is negligible.  

The temporal evolution of the Pkr index is quite stable across the years 2013 – 2015 except 

for of k=1 (food provisioning) where 2014 sees an increase in pressure followed by a 

subsequent decrease in 2015 for the the Northern and Western region (IE04). In general, the 

data suggests that economic activity from the maritime sectors at NUTS2 in Ireland add 

pressure on the marine environment considerably, and consistently throughout the 2013 – 

2015 period although, not increasing trend is observed during the studied period.  

Overall, a pressure-based ranking can establish for Ireland with the Northern and Western 

region (IE04) and the Southern region (IE05) causing more pressure than the remaining IE06 

region. Being the highest cumulative impact associated to the Southern region (IE05) 

followed closely by the Northern and Western region (IE04). Part of the reason for the 

difference between the two is both the higher population and higher population density in the 

Southern region (IE05) which combined by a lack of proper wastewater treatment system for 

region’s largest, and Ireland’s second largest city, Cork, may play a part in higher cumulative 

impact.  The Eastern and Midland region (IE06) has relatively less pressure in comparsion to 

the other NUTS2 regions.  

 

Comparing across the NUTS regions, it is observed that for k=1 (food provisioning) the 

fishing sector post relatively smaller pressure in Eastern and Midland region (IE06) 

compared to the other two NUTS2 regions. The Northern and Western region (IE04) is the 

source of the highest landings by volumn and value and is dominated by pelagic fish which 

are prone to yearly fluctuations. The landings from Southern region (IE05) are dominted 

more by whitefish landings from along the Atlantic continental shelf and Celtic Seas. The 

Northern and Western region (IE04) and the Southern region (IE05) have considerably longer 

coastlines and include more protected areas due to lower density populations compared to 

the Eastern and Midland region (IE06). This may explain some of the differences between 

the regions in terms of k=2 (regulatory) ecosystem service and k=3 (supporting) ecosystem 

service. There is some difference inter-regionally in terms of k=4 (cultural) ecosystems with 

the Southern region having the largest positive efffect on the index which may be accounted 

for higher tourist numbers along the southern portion of the Wild Atlantic Way coastal route 

( 

Figure 17).  
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Figure 17. Pkr (UK) aggregated by NUTS (left) and by ES (right) 

 

 

Portugal 

The evolution of the Pkr index is stable over the years. A similar pattern in terms of intensity 

of the pressure of the ecosystem services can be observed for Norte (PT11), Área 

Metropolitana de Lisboa (PT17) and Centro (PT16). Followed by Alentejo (PT18) and 

Algarve (PT15), and a third impact group including Açores and Madeira (PT20 and PT30). 

(Figure 1) 

The regions with the greatest negative pressure for three ecosystem services (k= 1, 2, 3) are 

Norte (PT11), Lisbon (PT17), Centro (PT16) and Alentejo (PT18). The impact of the Cultural 

ecosystem service is especially important in Norte (PT11) and Lisbon Area (PT17). A 

stronger negative impact of the Food provisioning and Regulatory ecosystem services in the 

Centro region can be noticed, when compared to other regions. (Figure 18) 
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Figure 18. Pkr (PT) aggregated by NUTS (left) and by ES (right)  

The general impact of the overall Portugal maritime sectors (the overall Portugal blue 

economy) on k=1, 2, 3 shows an smooth increase across regions, being the higher increase 

for Norte (PT11), Área Metropolitana de Lisboa (PT17) and Centro (PT16). Food 

provisioning shows a bigger increase. On the opposite, the positive impact on cultural 

ecosystem services (k=4) remains stable and only shows a smooth increase. 

 

Key portuguese maritime sectors impacting the most on the ecosystem services include 

Marine aquaculture, which impacts on ecosystem services k=2 and 3, with a step increase 

especially in the Centro region (PT16) and more limited in the Norte (PT11) and Lisboa 

(PT17) regions. The impact of marine fishing is also mainly recorded in Centro, like Mining 

activities. Ship building mainly has an impact in the Norte region (PT11), PT15, PT16 and 

PT17.  

Food provisioning is only affected by Fisheries (03.11) and Aquaculture with the following 

NUTS sequence: Centro Region (PT16) , Norte (PT11), Area Metropolitana Lisboa (PT17), 

Algarve (PT15), Acores (PT20), Madeira (PT30), Alentejo (PT18)  

Regulatory services is most highly affected by gravel and sand extraction (08.12) with the 

following NUTS sequence: Centro Region (PT16), Norte (PT11), Area Metropolitana Lisboa 

(PT17), Alentejo (PT18), Madeira (PT30). Supporting services are most highly affected by 

sport activities (93.11) with mostly affected areas Lisboa (PT17) and Norte (PT11). Second 

NACE with highest impact on supporting services is gravel and sand extraction (08.12) with 

mostly affected areas Centro Region (PT16), Norte (PT11) and Lisboa (PT11). Finally, 

cultural ecosystem services are positively affected mostly by NACEs that are related to the 

tourism sector (accommodation, alimentation and recreation) in the following NUTS 

sequence Algarve (PT15), Norte (PT11) and Area Metropolitana Lisboa PT17 

 

 

 

 

 



                            
 WP-05-Act-03 

38 
 
 

France 

Overall, the Blue Economy Pressure Index for France is increasing over the years being the 

highest increment associated to k=1,2, 3 to Brittany (FRHO) far followed by Lower 

Normandy (FRD1), Pays de la Loire (FRG0) and Aquitanie (FRI1). Finally, very close to 

these but with a smooth lower impact it is found the regions Upper Normandy (FRD2) and 

Poitou-Charentes (FRI3). Overall, a pressure-based ranking can be established. With respect 

to the cultural ecosystem services (k=4) also a ranking can be clearly stated: being similar to 

the one already presented for the other ecosystem services. 

The pressure is dominated by k=1 (food provisioning) in all NUTS2 regions. The second 

highest pressure is on the k=3 (supporting) ecosystem service. In a lesser extent it is checked 

the impact on k=2 (regulating) ecosystem services. The cultural one (k=4) is also relevant. 

 

 

 
 

 
Figure 19. Pkr (FR) aggregated by NUTS (left) and by ES (right)  

Key french maritime sectors impacting the most on the ecosystem services include marine 

fishing which is recorded in all NUTS2. Also very important the operations related to the 

tourism (93.11 and 93.29), and the production of energy (35.11) in FRH0. Also in this last 

NUTS the shipbuilding activities (30.11 and 30.12) are very important. 
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5. Discussion: an integrated management approach 

We have illustrated how the Blue Economic Pressure Index (𝑃𝑘,𝑟) might be used to give 

answer to the Art. 8c of the MSFD which requires each Member State to develop an 

economic assessment of the use of the Seas. The Standard National Account approach is 

suitable to identify direct assessment through a set of well-known business indicators. 

However, for an ecosystem management approach it is also mandatory to identify the use 

of the marine ecosystem services required to develop any economic activity. The main 

challenge is how put it into practice. This research shows a way of doing it through the 

development of a tool: the 𝑃𝑘,𝑟 index. This index includes multipliers that are used to 

estimate the economy-wide effects of any economic activity on the marine environment. 

The first direct effect, measured through business indicators, determines how the activity 

contributes to economic development. Hereinafter, multipliers are applied to determine the 

impact of the activity on the marine ecosystem services. The size of these multipliers 

depends on characteristics of the activity such as the spatial extent or the frequency but 

also, on the specific characteristics of the natural system where the activity takes place. A 

larger multiplier should be identified if the socio-economic system is more dependent on 

the marine ecosystem services.   

In determining the size of the multipliers, it may also be possible to consider stakeholders’ 

perception of the impact of their economic activities on the ecosystem services. The main 

recommendation of this study is to make stakeholders perceive that stock status or carbon 

footprint are, among others, important variables to be considered to foster sustainable blue 

growth paths, but they are not the only variables to consider. Intensity of the activity or the 

ecosystem services vulnerability of the marine area may be cornerstone to design future 

blue growth pathways for marine economic sectors. 

We apply the index assessment to all maritime sectors operating across the Atlantic Area 

and we find interregional differences in total impacts assessment, with more impact being 

assigned to the Spanish, French followed by Irish Portuguese and British maritime sectors.  

However, cross-regional similarities are observed when identifying the well-recognize 

primary sectors with the greatest impacts on the marine environment, such as commercial 

fishing, aquaculture, and shipbuilding. And clearly showing the traditional less well-

recognized sectors such as the tourism related activities, which provide positive impacts 

on cultural ecosystem services. The regulation of the activity in those sectors should control 

their impacts that has been usually ignored. 

It is necessary to identify and regulate highly-risk economic activities. Direct impacts 

might also be analyzed in case of being region-specific concern.  

Furthermore, given the large number of cross-linkages between sectors and ES this 

research continues and reinforces the need to adopt a holistic assessment and, therefore, a 

holistic Atlantic Area management. This means adopting a combination of management 

measures to achieve the objective of reducing economic-wider impacts. The management 

measures should be oriented to control the national or regional accounting but also, to 

enhance the conservation of the demanded ecosystem services. Stakeholders targeting 

private maritime companies are more oriented towards controlling the former, while they 
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tend to consider that conservation is a matter outside their interests and that other bodies 

or administrations should deal with these issues.  

The index developed and used in this research provides a new way for AA managers, 

maritime sector managers, and other interested stakeholders to identify the most harmful 

activities when a wide-economic approach is followed. One of the advantages of the index 

is that it can be used at regional, national, or at the aggregate level of the whole Atlantic 

Area. 

Current public management measures might consider this new knowledge together with 

other general indicators like those provided by the European Marine Observation and Data 

Network (EMODnet). According to these general indicators, the countries with the largest 

economic impacts on marine environment in our analysis (SP, FR) are also the ones paying 

relatively lower environmental taxes (measures as a percentage of the Gross Domestic 

Product, Eurostat) and those that show a relatively lower proportion (%) of Marine 

Protected Areas related to their terrestrial area. On average, SP, FR and IR present a ratio 

of Marine Protected Areas around 18.5% in contrast to 50% for PT and UK. It is also very 

relevant to highlight the great relevance of the European Fisheries Fund (EFF; 2007-2013) 

and its successor, the European Maritime and Fisheries Fund (EMFF; 2014-2020), 

supporting the European fisheries sector in the transition towards ecologically sustainable 

fisheries. Spain is the country with the highest impact in ES k=1 (food provisioning) far 

behind the rest of the countries across the AA, but this country receives the highest 

percentage (65%) of those financial resources available for the AA countries. Portugal is 

the country with the highest positive impact on ES k=4 (cultural services) in part due to the 

harder tourism activity presenting a 2012-2017 percentage change on previous period 

larger than 5% in coastal areas and 15% close to the coastal areas in relation to the number 

of establishments. The maritime impact defined as the percentage of population impacted 

by maritime activities - the share of the population living in maritime service areas that can 

be reached from a location at the coast using the existing transport network – is an 

additional general indicator to be considered. UK and IR show the higher maritime impact 

compared to SP, PT and FR. 
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Glosary BOX 

 

AA Atlantic Area 

BGA Blue Growth Agenda 

D(A)PSI(W)R(M) Drivers, Activities, Pressures, State, Impact, Well-being, Response and 

Management framework 

EDMONET The European Marine Observation and Data Network 
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Glosary BOX 

 

EEA Environmental European Agency 

EU European Union 

EC European Commission 

ES Ecosystem Services 

ETRS89 European Terrestrial Reference System 1989 

GES Good Environmental Status 

QGIS Quantum Geographic Information System  

MSFD Marine Strategic Framework Directive 

MS Member State 

MOSES Maritime, Ocean Sector and Ecosystem Sustainability 

NACE National Classification of Economic Activities 

NUTS-2, NUTS-3 Nomenclature of Territorial Units for Statistics - geographical system, 

according to which the territory of the European Union is divided into 

hierarchical levels. The three hierarchical levels are known as NUTS-

1, NUTS-2 and NUTS-3 

− ES11: Galicia 
− ES12: Principado de Asturias 
− ES13: Cantabria 
− ES21: País Vasco 
− ES61.atlantic: Andalucía 
− ES70: Canarias 
− FRD1: Lower Normandy 
− FRD2: Upper Normandy 
− FRG0 : Pays de la Loire 
− FRH0: Brittany 
− FRI1: Aquitaine 
− FRI3: Poitou-Charentes 
− IE04: Northern and Western Ireland 
− IE05: Southern Ireland 
− IE06: Eastern and Midland Ireland 
− PT11: Norte 
− PT15: Algarve 
− PT16: Centro 
− PT17: Área Metropolitana de Lisboa 
− PT18: Alentejo 
− PT20: Região Autónoma dos Açores 
− PT30: Região Autónoma da Madeira 
− UKD1: Cumbria 
− UKD4: Lancashire 
− UKD7: Merseyside 
− UKK1: Gloucestershire, Wiltshire, and Bristol⁄Bath area 
− UKK2: Dorset and Somerset 
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Glosary BOX 

 
− UKK3: Cornwall and Isles of Scilly 
− UKK4: Devon 
− UKL1: West Wales and The Valleys 
− UKL2: East Wales 
− UKM6: Highlands and Islands 
− UKN0: Northern Ireland 

 

APPENDIX A. MOSES Index calculation in RStudio 
This appendix is built on a set of independent files including the R code used to develop 

the index together with a step-by-step guidance.  

 
APPENDIX B. -SHINY MOSES calculation in RStudio 
This appendix is built on a set of independent files including the R code used to develop 

the shiny tool. 
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