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ABSTRACT
This paper aims to measure the digital integration of coastal and marine policies in the
Member – States of European Union (EU), using a Multiple Criteria Decision Analysis
(MCDA). Multiple Criteria Decision Analysis methods are strongly associated with EU
environmental policies and their decision-making process, and it can reduce the uncertainty
in planning by producing highly efficient solutions. The Preference Ranking Organization
METHod for Enrichment Evaluations (PROMETHEE) along with Geometrical Analysis for
Interactive Decision Aid (GAIA) analysis, through Visual PROMETHEE software, were
used to provide a ranking of the EU policies about coastal and marine environment in their
digital performance drawing on their ICT implications. Findings confirm that the impact of
ICT on EU coastal and marine policies is getting stronger since 2010, but it is still in initial
level. Digital integration constitutes an efficient tool to promote the progress towards the
Sustainable Development Goals (SDGs) and at the same time, contributes to better quality
of life. The introduction of innovative ICT solutions, including network connection and
services is an essential factor to achieve synergy in terms of an e-innovation society.
Key-Words: EU policies, coastal and marine policies, digital integration, MCDA method,
PROMETHEE, GAIA, Visual PROMETHEE

AIMS AND BACKGROUND
The term Information Communication Technology (ICT) is widely
considered as a type of technology used for displaying, creating,
manipulating, storing and exchanging information (Liburd and Christensen,
2013; Chen et al., 2019). Undoubtedly, ICT characteristics can make a
significant contribution to the processes of all sectors, providing innovative
tools, media and friendly environments for being creative and sustainable
(Loveless, 2007; Zhou and Purushothaman, 2019). ICT have created an
important impact on all aspects of human life from basic survival needs to
transformation of an “Industrial” to “Global Connected” world (Solanki and
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Nayyar, 2019). ICT constitutes a vital catalyst for driving economy forward
in developed countries and strengthens economic development
entrepreneurship through innovation, productive capacity and development
of trade (Morrar et al., 2019). However, innovation in environment-friendly
technologies, the so called green technologies, is crucial to achieve
sustainability (Cesere et al., 2019). In particular, green Information
Technology (IT) is primarily focused on efficient energy utilization and
equipment usage, while green Information Systems (IS) deals with the
design and implementation of IS for the sustainable process management and
the creation of opportunities regarding productivity enhancement,
profitability enhancement and cost reduction (Boudreau et al., 2008; Ziemba,
2019). The European Commission (EC) has already addressed issues linked
with energy efficiency through ICT and establishes three conditions required
for encouraging sustainable behaviour: supporting management processes,
the provision of economic development incentives, a high level of
information and communication (Bastida et al., 2019). As for the European
Union (EU) maritime policy, EU can achieve higher returns from seas and
oceans in a sustainable way through the coordination of its actions and its
policies by incorporating individual fields such as aquaculture and fisheries,
seaports and shipping, offshore energy, marine environmental research,
shipbuilding and peripheral activities, coastal and maritime tourism,
maritime surveillance, coastal area development, employment and external
relations in maritime affairs (EU, 2018).
This paper aims to evaluate the EU policies on maritime affairs and
fisheries according to their ICT implications and present the current status. It
is applied the Preference Ranking Organization METHod for Enrichment
Evaluations (PROMETHEE) and Geometrical Analysis for Interactive
Decision Aid (GAIA), through Visual PROMETHEE software, to rank the
EU policies while this total ranking is validated and sensitivity analysis is
conducted.
EXPERIMENTAL
EU coastal and marine policies were retrieved by the official website
of European Union (www.europa.eu). In the beginning, all the coastal and
marine policies (the directives, the regulations, the communications the
decisions, etc.) were recorded. The next step was to develop a 2-dimentional
table aiming to find out the fulfillment or not of the criteria that EC adopts to
evaluate the ICT adoption on EU policies since 2010 (EC, 2010). These
criteria form the variables X1, X2, ..., X12 (Table 1).
Furthermore, the digital integration was measured and the EU coastal
and marine policies were ranked with the application of the multicriteria
analysis PROMETHEE II. PROMETHEE is a prescriptive method that
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allows to rank the actions/cases according to the preferences of the decisionmaker (Mareschal and De Smet, 2009).
Table 1. Criteria (Koliouska and Andreopoulou, 2020)

Dependence on the ICT
solutions

Category

Variable

Criteria

X1

Does the legislation require the design of
information rich processes?
Does the legislation require the design of new
business processes?
Are large amounts of data gathering required in
these processes?
Is collaboration between ICT systems of multiple
DG’s or
institutions/ organizations required?
Is the legislation concerning ICT systems or is ICT
a supporting
function of the legislation?
Does the legislation require new ICT solutions or
can existing applications fulfill the requirements?
Are there any legacy systems which might hamper
the implementation?
Does the legislation impose authentication
requirements?
Is a large amount of data exchange between
Member States
and/or the Commission required?
What is the required lead -time of the
implementation (urgency)?
Are new interoperability specifications required?
Does the initiative impose high security
requirements
on the ICT solution?

X2
X3
X4

X5

Complexity of the ICT solutions

X6
X7
X8
X9

X10
X11
X12

The PROMETHEE is implemented in four steps (Yu et al., 2013): a)
define preference function; b) calculate preference index; c) construct valued
outranking graph; d) rank alternatives / cases according to the valued
outranking graph.
One of the most important steps in MCDA methods is the
determination of the weights of the criteria (Tsolaki-Fiaka et al., 2018).
Brans and Mareschal (2005) and Andreopoulou et al. (2017) provide a more
detailed description of the PROMETHEE II method.
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Finally, the application of PROMETHEE method results in partial rankings
or total ranking of the alternatives, while the application of GAIA method
results in a graphical representation of the decision problem (Macharis et al.,
1998). GAIA analysis uses the unicriterion net flows (Mareschal and De
Smet, 2009) and the principal components analysis (PCA), a widely used
dimension-reduction technique (Mareschal, 2013).
RESULTS AND DISCUSSION
The research through the official website of (EU) (www.europa.eu)
resulted in the collection of 60 coastal and marine policies. The partial
rankings of the 60 EU coastal and marine policies based on the calculation of
the two preference flows (Phi+ and Phi-) are presented in Figure 1.

Fig. 1. Partial ranking of EU coastal and marine policies

The GAIA plane is presented in Figure 2. The red line represents the
decision axis, i.e. the direction of the optimal solution based on the already
defined weight vectors.
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Fig. 2. PROMETHEE GAIA plane

CONCLUSIONS
The research in the official EU website retrieved 60 coastal and marine
policies. The accomplishment of the 12 criteria that EC considers in order to
measure the digital integration of EU coastal and marine policies. MCDA
along with GAIA analysis were applied to evaluate the ICT implications of
the EU coastal and marine policies.
The results and conclusions of the research are the following:
• PROMETHEE II method indicates that digital technologies have the
strongest impact on COM (2006)73 “Fish markets in financial
instruments”, while ICT has the weakest impact on Directive 2006/44
“Quality of fresh waters needing protection or improvement in order
to support fish life”
• Most EU coastal and marine policies use digital technologies, as most
of them are evaluated with positive total net flow (Phi).
• The broad spectrum of the Phi values indicates an important
difference concerning the “level of digital integration” between the
first and the last EU coastal and marine policy.
• GAIA analysis presents that Reg. 1379/2013 has the highest level of
digital integration and Decision 1999/3375 has the lowest level of
digital integration.
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• MCDA and GAIA methods produce similar results concerning the
scenario ranking
Findings confirm that the digital integration of EU coastal and marine
policy is strengthening since 2010, but it is still in initial level. The
methodology used in this research forms an effective planning tool for EU
policy makers regarding the assessment of ICT integration on coastal and
marine policies. Furthermore, these findings can constitute a helpful tool for
the decision makers because they can use as benchmarks the superior EU
coastal and marine policies in planning future policies with reference to
sustainable development. Digital integration constitutes an efficient tool to
promote the progress towards the Sustainable Development Goals (SDGs)
and at the same time, contributes to better quality of life (ITU, 2018). The
introduction of innovative ICT solutions, including network connection and
services is an essential factor to achieve synergy in terms of an e-innovation
society (Koliouska and Andreopoulou, 2016).
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