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The EU Marine Strategy Framework Directive (MSFD) requires all Member States to establish a program
of measures to achieve or maintain Good Environmental Status (GES) of their marine waters, which
should be justified on economic grounds. So far, however, only limited efforts exist to support, from a
scientific perspective, marine policy- and decision-makers to this direction. This paper describes a first
effort towards closing this gap and improving existing marine policymaking processes as regards the
prioritization and selection of measures and policies towards coastal and marine resources management.
More specifically, the paper presents an expert judgment-based weighting framework named ‘MeTaLi’.
The tool provides a cost-effectiveness ranking algorithm of alternative measures (e.g. command-and-
control, economic, etc.) within the framework of MSFD by means of fuzzy and stochastic analysis. A pilot
application of ‘MeTaLi’ in Greece for three selected MSFD descriptors is also discussed, aiming to evaluate
the tool and allow drawing conclusions for real conditions. Finally, the paper concludes with a discussion
of research findings and methodological challenges related to marine policy issues.

& 2015 Elsevier Ltd. All rights reserved.
1. Introduction

It is widely acknowledged that the EU Marine Strategy Frame-
work Directive (MSFD) is strongly framed within the economic lo-
gic. MSFD includes economic requirements either explicitly (i.e.
areas where economic analysis is clearly demanded) or implicitly
(i.e. areas where economic analysis may be beneficial in meeting
the requirements although this is not a prerequisite) [1]. For in-
stance, Art 8(1c) of the MSFD requires all Member States to un-
dertake “an economic and social analysis of the use of those waters
and of the cost of degradation of the marine environment”within their
Initial Assessment reports. The economic linkages are even more
intense in Article 13 of the MSFD, which expects the Member States
to design and implement a program of measures to achieve good
environmental status in their marine waters. These measures, im-
plemented at different spatial levels (local/national/regional or
global), may include a number of different instruments [2]:

� Traditional command and control (CAC) or regulatory instru-
ments (e.g. regulation, norms and standards, bans) that have a
gianni).
direct influence on the behavior of actors by imposing rules that
limit or prescribe the actions of the target group.

� Economic instruments (e.g. fees, subsidies, liability and compen-
sation regimes, trading systems) that modify the behavior and
decisions of actors by changing the cost or price of a market good
(e.g. plastic bags), service (e.g. waste collection), activity (e.g. waste
dumping), input (e.g. materials), or output (e.g. pollution).

� Social instruments, which are based on voluntary aspect of ac-
tions and influence the behavior of actors and individuals in-
directly. For instance, polluters are stimulated to take actions
through awareness raising campaigns.

� Technical, technological and research-oriented measures, e.g.
removal of man-made constructions, monitoring activities, etc.
If there is an obligation to imply a certain technical measure, it
should be regarded as a regulatory instrument. If the im-
plementation of a technical measure is encouraged by subsidies,
it should be regarded as an economic instrument. If an in-
formation campaign promotes the application of the technical
measure, it should be regarded as a social instrument. Thus, it is
sometimes difficult to categorize a measure as a technical
measure or as a regulatory or economic measure.

Regardless of the measures selected for achieving or maintaining
Good Environmental Status (GES) of marine waters, decision-makers
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have to define the costs of measures and to estimate the potential
benefits in order to evaluate the proposed program and the pro-
portionality of costs by means of cost-effectiveness or cost-benefit
analyses [3]. In general, cost-benefit analysis is suitable when the
targets have not yet been set because it can be used to determine if
the benefits of the possible targets are higher than the costs, thereby
informing what the target should be [1]. Cost-effectiveness, on the
other hand, is a more suitable approach to use when the objective
has been established and the analysis focuses on the best way to
meet the target. The latter seems to be the most relevant metho-
dology in the context of Article 13 of the MSFD, where the objectives
have already been established [1].

Considering that the MSFD sets out eleven qualitative de-
scriptors covering broad topics, there are many challenges ahead
towards achieving GES of the European marine environment.
There is therefore a need for further scientific understanding for
the criteria and indicators determining the descriptors. A major
challenge is certainly the development of appropriate tools and
approaches that would make use of best available scientific
knowledge and would facilitate the implementation of the MSFD
within the prescribed timeline. Among them, tools that will help
Member States to draw up their Program of Measures to achieve
GES are of particular importance provided that these programs are
scheduled to be developed by 2015 at the latest.

To this end, this paper presents and discusses ‘MeTaLi’, a tool
developed within the EU funded MERMAID project (Marine En-
vironmental targets linked to Regional Management schemes based
on Indicators Developed for the Mediterranean). The MERMAID aims
to provide scientific understanding for assessing GES in a coherent
and holistic manner. The project will develop a state-of-the-art
methodology that will be tested for five selected MSFD descriptors,
namely commercial fisheries and shellfish (D3), hydrology (D7),
chemical pollution of the environment (D8), contaminants in fish
and seafood (D9) and marine litter (D10), in three study sites of
the Mediterranean Sea (i.e. the Gulf of Lions, the Saronikos Gulf
and the Cilician basin). MeTaLi specifically aims at bridging the
existing gap in marine policy- and decision-making related to the
selection and prioritization of measures and policies towards
coastal and marine ecosystem protection. For this purpose, MeTaLi
provides a cost-effectiveness ranking algorithm of selected com-
mand-and-control, economic, social and technological measures
using estimates that are based on expert judgment.

The rest of the paper is structured as follows: Section 2 first
describes in brief the theoretical framework, i.e. the expert judg-
ment approach and then the methodological development of
MeTaLi. Section 3 presents the pilot application of MeTaLi in Greece
and provides, for illustrative purposes, a cost-effectiveness ranking
of policy measures for three selected descriptors. Finally, Section 4
concludes and discusses policy implications.
2. Development of the MeTaLi tool

2.1. Methodological background

Expert judgment is an approach for soliciting informed opi-
nions from experts, i.e. those who have knowledge of an issue at
an appropriate level of detail and who are capable of commu-
nicating this knowledge [4], or those whose opinion might be of
interest [5]. Expert judgment can provide useful insights for pol-
icy- and decision-makers when scientific research is not available
or is ongoing [6,7]. Moreover, it can be useful when current re-
search needs to be made directly useful to policy- and decision-
makers but comprehensive empirical information is lacking [8]. In
this sense, experts can be relied on to consolidate and synthesize
new or existing qualitative and/or quantitative information into a
framework suitable for decision-making [9–11].
Nevertheless, whether or not expert judgment has the poten-

tial to provide accurate, reliable and uncontested data is still de-
batable. Some researchers argue that experts are sensitive to a
number of heuristics (e.g. representativeness, availability, anchor-
ing and adjustment, overconfidence, etc.) and may be subject to
cognitive and motivational biases that impair their abilities to
accurately report their true beliefs [4,11]. On the other hand, other
researchers claim that experts have superior recall of information
and improved abilities to abstract knowledge to new situations
and, thus, they are able to think critically about data and methods
in their domain [12].

Expert judgment approaches have been used extensively in
marine policy and science issues. This is not surprising considering
that marine science is characterized by data unavailability, large
uncertainties, and costly research and monitoring, which, if com-
bined with conflicting interests and values about governance
practice, complicate marine decision-making [13]. For instance,
Halpern et al. [14] devised a method for collecting expert opinion
on how threats affect marine ecosystems. They surveyed 135 ex-
perts from 19 different countries who were asked to assess the
functional impact, scale, and frequency of a threat to an ecosystem;
the resistance and recovery time of an ecosystem to a threat; and
the certainty of these estimates. Teck et al. [8] applied an expert
judgment approach to the California Current region in order to
evaluate the relative vulnerability of 19 marine ecosystems to 53
stressors associated with human activities, i.e. a total of 1007
stressor-by-ecosystem combinations, using surveys from 107 ex-
perts. In order to gain more understanding into the role of scientific
information in marine management and policy-making, van Haas-
trecht and Toonen [13] asked policy makers and scientists for their
expert judgment in cases where crucial information for policy de-
cisions was missing. The experts acted both as information produ-
cers and users describing the selection process of Marine Protected
Areas (MPAs) in the Dutch part of the North Sea. Thus, at times they
were asked to speak from their gut, or to voice opinions that con-
sisted of a mix of both scientific and managerial considerations.
Carollo et al. [15] contacted via email more than 2000 experts
working with coastal and ocean issues in the Gulf of Mexico asking
them to rank 12 data categories (e.g., benthic habitats, human uses,
coral reef, oyster reef, temperature, etc.) and score the relevance of
four qualifiers (spatial resolution, temporal resolution, age of data,
and level of detail) using a discrete choice approach. In total 348
surveys were completed and the results were used to identify data
gaps and consequently identify priority areas where money should
be invested for future data collection. Furthermore, Carollo et al.
[16] used expert opinion at the first Gulf of Mexico Ecosystem
Services Workshop (2010) in order to: (a) identify and classify the
Gulf of Mexico habitat types based on the Coastal and Marine
Ecological Classification Standard (CMECS); (b) link ecosystem ser-
vices to the Gulf of Mexico habitat types; and (c) prioritize eco-
system services. Ban et al. [17] involved 21 experts, using the Great
Barrier Reef as case study, in order to construct a framework where
management options can be evaluated; to obtain estimates of
outcomes associated with a variety of scenarios; and to better un-
derstand the interaction of multiple stressors and related manage-
ment options where data about the effects of these interactions
were incomplete. Cook et al. [18] used integrated conceptual eco-
system models of the coastal marine environment developed as
part of the Marine and Estuarine Goal Setting for South Florida
(MARES) project in conjunction with a modified DPSIR model, ex-
pert opinion and matrix-based analyses to explore the direct and
indirect relative impact of 12 ecosystem pressures on 11 ecosystem
states and 11 ecosystem services (i.e. 34 components) identified
through MARES project. More specifically, among these 34 com-
ponents 193 unique interactions were identified and 25 experts
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were interviewed to quantify the relative interaction strength of
these 193 linkages. Halpern et al. [19] used a regional application of
the Ocean Health Index in the California Current in order to de-
scribe a systematic approach to eliciting opinions of experts from
multiple sectors. Their approach involves two different methods to
elicit preferences based on the tradeoffs that would likely emerge
from management decisions within the California Current based on
random utility theory and on analytical deliberation. Vacchi et al.
[20] adopted a Multi-Criteria Decision Aid (MCDA) procedure in
order to develop a spatial explicit tool that would be used to
identify the best management strategy for the Bergeggi Island MPA.
The intensity of each pressure (e.g. seafloor abrasion, organic en-
richment and pollutants, traffic related pressures) created by local
activities at the status of coastal ecosystem was estimated using
expert elicitation under a fuzzy environment.

2.2. Overview of the MeTaLi tool

The MeTaLi tool provides a simple, transparent and straight-
forward method to select and rank alternative policy measures (i.e.
command-and-control, economic, social and technological) to
achieve or maintain GES in EU marine waters. It uses a cost-ef-
fectiveness ranking algorithm, which is based on an expert judg-
ment framework. The MeTaLi tool has been originally developed to
address five MSFD descriptors which are of interest to the MER-
MAID project, namely commercial fisheries and shellfish (D3),
hydrology (D7), chemical pollution of the environment (D8),
contaminants in fish and seafood (D9) and marine litter (D10).
Nevertheless, MeTaLi is an open and expandable tool platform and,
thus, it can be applied across all European countries in the context
of EU MSFD for all the eleven descriptors. It could also be applied
across other regional sea areas internationally to analyze and
compare protection measures towards managing the marine
environment.

The MeTaLi tool is organized in a spreadsheet-based format and
includes three different sections and thirteen worksheets, in total.
The first section collects biographical information of the expert
who is interviewed. The second section provides information to
the expert about the aim of the tool and the methodological ap-
proach used. The third section includes eleven worksheets and
collects the information required to establish the relationship
between a number of policy measures and the targets set by MSFD
for the selected descriptors. For each descriptor fifteen measures
are evaluated. Thirteen of the measures are pre-defined by MeTaLi
(Table 1) and two measures can be determined (if necessary) by
the expert.

The information requested by the expert in the third section for
the descriptor(s) that she/he feels capable of answering includes:
Table 1
Pre-defined measures of MeTaLi for the achievement of GES in the selected
descriptors.

Acronym Measure

M1 Imposition of bans and activities controls
M2 Imposition of fines
M3 Taxes
M4 Subsidies
M5 Trading schemes
M6 Compensation schemes
M7 Output controls
M8 Spatial and temporal distribution controls
M9 Measures to improve the traceability
M10 Management coordination measures
M11 Mitigation and remediation tools
M12 Communication and raising public awareness
M13 Stakeholder involvement
� The gap between current status and GES for the selected de-
scriptor(s).

� The effectiveness of selected measures, i.e. the ability of a
measure to achieve the objectives set by decision-makers. The
expert selects five out of the fifteen alternative measures, which
are considered to be more suitable for the descriptor under
investigation.

� The implementation cost of each of the selected five measures.
� The difficulty of implementing each of the selected five mea-

sures due to e.g. expected reactions from stakeholders, short-
comings related to administrative issues, weak enforcement of
the measure, etc.

� The degree of certainty of the expert, i.e. a subjective assess-
ment of certainty about her/his estimates in the effectiveness,
the implementation cost, and the applicability of each of the
selected measures.

The gap between the current status and the GES is defined in
linguistic form using a five-point Likert scale (Very low, Low,
Medium, High and Very high). The same five-point linguistic scale
is used to detect the effectiveness, the implementation cost and
the implementation difficulty (applicability) of the measures
evaluated, as well as the degree of certainty of the expert
interviewed.

In order to tackle features of uncertainty, the estimates are
provided in the form of fuzzy numbers based on fuzzy set theory
[21,22]. This step accordingly implements a fuzzy scoring ap-
proach where the five-point scale demonstrates the conversion of
triangular fuzzy numbers into crisp scores. A triangular fuzzy
number T¼(a, b, c) is defined as a convex and normalized fuzzy set
determined by the minimum, the central (i.e. most plausible) and
the maximum value with membership function μΑ(x):

⎧
⎨⎪
⎩⎪

⎫
⎬⎪
⎭⎪

T
x a b a

x c b c
a x b
b x c

/

/
0 otherwise

=
− −
− −

≤ ≤
≤ ≤

where [a,c] is the supporting interval and the point (b,1) is the
peak.

The vagueness of each linguistic term used in the five-point
Likert scale is listed in Table 2 and is presented in Fig. 1.

Finally, the expert defines the certainty of her/his estimates
using a similar five-point Likert scale. In this case, however, the
degree of certainty of the expert acts as an overall weighting factor
of the estimates. The conversion of the certainty linguistic terms in
numerical values is given in Table 3.

2.3. Cost-effectiveness ranking of measures

The collected data are processed in order to calculate the cost-
effectiveness indicator of measures for each descriptor separately
according to the approach described hereinafter. The ranking of
the selected measures is performed through the calculation of an
overall cost-effectiveness indicator, which reflects the effective-
ness, the implementation cost and the applicability of the selected
measures for the specified descriptor. In addition, this indicator
takes into account two additional indices, namely: (a) the fre-
quency of selection of each measure and (b) the weighting of the
Table 2
Representation of linguistic terms by triangular fuzzy numbers.

Linguistic term Very low Low Medium High Very high

Fuzzy number (0, 0, 0.3) (0.1, 0.3,
0.5)

(0.3, 0.5,
0.7)

(0.5, 0.7,
0.9)

(0.7, 1, 1)



Fig. 1. The set of the five linguistic terms with their semantics.

Table 3
Representation of the certainty linguistic variables by theirs numerical values.

Linguistic term Very low Low Medium High Very high

Numerical values 1.1 1.2 1.3 1.4 1.5
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degree of certainty expressed by the expert. The first index is es-
timated as follow:

FS
M

n
i

j
n

i1=
∑ =

where FSi is the frequency of selection of measure i, Mi is the total
number of times the measure, i is selected by the experts j and n is
the total number of experts that responded for the descriptor
under examination.

The weighting of the degree of certainty uses the subjective
opinion of the experts involved in the survey. As mentioned, ex-
pert Ei expresses her/his certainty as to the accuracy of her/his
estimates in linguistic terms for each of the three parameters (i.e.
effectiveness, implementation cost and applicability). The overall
‘certainty’ weight of expert Ei is estimated as the geometric mean
of her/his degrees of certainty:

DC dcj k jk1

3 1/3( )∏=
=

where DCj is the degree of certainty of expert j and dcjk is the
degree of certainty of expert j for parameter k.

Hence, the cost-effectiveness indicator of each measure i for a
specific descriptor is estimated as follow:

CEff
Eff

Cost
App FS DC1ij

ij

ij
ij i j= × ( − ) × ×

where CSEffij is the cost-effectiveness indicator of measure i as
estimated by expert j, Effij is the effectiveness of measure i esti-
mated by expert j, Costij is the implementation cost of measure i
estimated by expert j, Appij is the applicability (i.e. implementation
difficulty) of measure i estimated by expert j, FSi is the frequency of
selection of measure i by all experts and DCj is the degree of cer-
tainty of expert j.

In the above-mentioned equation, the estimates of the para-
meters Eff, Cost and App are provided in the form of triangular
fuzzy numbers. In general, there are three main approaches when
faced with differing expert opinions: (i) propagate each expert’s
distribution separately; (ii) require the experts to create a single
consensus distribution; (iii) combine the expert opinions in some
way. There is no consensus on how to deal with this issue in the
context of integrated assessment models [23]. This method adopts
the third approach in order to calculate experts’ values with re-
spect to the effectiveness, cost of implementation and applicability
of selected measures towards achieving the MSFD targets for the
selected descriptors.

Given that typical t-norm (intersection) and t-conorm (union)
operators result in a very restricted representation of the wide
range of experts’ beliefs and may inadvertently propagate un-
certainty and limit the ability of policymakers to make strategic
hedges against risky outlier events [24], the Maximum Entropy
approach was used. This approach is proposed for the wider range
of “judged” uncertainty elicited by the experts and it is a common
measure of information in modern communications theory [25].
The idea behind Maximum Entropy is to formulate a distribution
for the data such that the distribution maximizes the uncertainty
in the data, subject to known constraints [4]. As Gay and Estrada
[26] note, Maximum Entropy Principle is “…a useful tool for con-
structing probabilistic climate change scenarios that are the least
biased estimates possible, consistent with the information at hand
(including expert or decision-maker judgment) and that maximize
what is not known”.

This definition of entropy, introduced by Shannon [27], re-
sembles a formula for a thermodynamic notion of entropy. For a
continuous probability density function p(x) on an interval I, its
entropy is defined as

h p p x p x dxln
I

∫( ) = − ( ) ( )

Using Shannon’s entropy measure, Jaynes [28] showed that the
maximum entropy estimate is the least biased estimate possible
with the information at hand since it maximizes the uncertainty
subject to the partial information available. This means that the
choice of any other distribution will require making additional
assumptions unsupported by the given constraints [29]. A direct
derivation of the maximum entropy distribution involves solving a
system of nonlinear equations, the solution of which involves
variational calculus using the Lagrange multiplier method. The
maximum entropy distribution can help assign probability dis-
tributions given certain constraints. For instance, when only the
lower and upper bounds for an uncertain parameter are known,
the principle of maximum entropy would indicate a uniform dis-
tribution. When the minimum, maximum and mode values are
given, the beta distribution that maximizes the entropy is chosen
([30], quoted in [31]).

In order to better represent the divergence of opinions and the
uncertainty involved in the estimates, the minimum and max-
imum values provided by the experts are combined with equal
weight. Thus, expert judgments are aggregated to construct a tri-
angular distribution, using the minimum, maximum and mode
values of all experts:

T a b c a a, , min , mean a , maxL
i

M
i

U
i( ) = [ ]

where min L
iα is the minimum of the minimum values elicited by

the experts, mean M
iα is the average of the mode values elicited by

the experts and max U
iα is the maximum of the maximum values

elicited by the experts
The fuzzy numbers are then defuzzified using fuzzy sets and

integration theory [e.g. [32,33] by means of the centroid (CB̃) of the
triangular B a b c, ,˜ = ( )], as follows:

C
a b c

3B = + +~
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At the final step, the crisp values of the cost-effectiveness in-
dicators obtained after defuzzification from the fuzzy average es-
timates of the experts are normalized in a scale from 1 to 100,
forming the final cost-effectiveness ranking of alternative mea-
sures for the descriptor under examination.

Furthermore, an uncertainty analysis is performed so as to as-
sess the robustness of the obtained results. To this direction the
Monte Carlo stochastic process was selected, implementing a
random sampling of values according to appropriately established
probability distribution for each uncertain input parameter for
numerous scenarios (iterations). Monte Carlo simulation evaluates
iteratively the specified output using different sets of random
numbers as inputs and, thus, it can be viewed as inclusive of all
deterministic estimates of the experts with a finite probability of
occurrence. In this context, triangular distributions defined ac-
cording to Maximum Entropy approach were utilized in order to
depict the uncertainties in the effectiveness, the implementation
cost and the applicability of the examined measures for all the
descriptors.
3. Testing the MeTaLi tool

3.1. Objectives and administration of the pilot study

A pilot application of the tool was conducted in Greece, in order
to: (a) test the methodological approach; (b) evaluate its cap-
abilities; (c) identify potential drawbacks; (d) make any necessary
changes; and (e) draw conclusions and prepare guidelines for its
implementation in real cases. To this end, three descriptors, i.e.
chemical pollution of the environment (D8), contaminants in fish
and seafood (D9) and marine litter (D10), were initially selected
and examined. A strategic sample of experts was selected invol-
ving partners of MERMAID project, and various other experts with
relevant scientific background and experience within the three
examined descriptors. The expert panel’s composition is a crucial
parameter for the successful implementation of any expert judg-
ment survey. Thus, a well-composed and balanced sample was
created consisting of 28 policy makers, physical scientists and
practitioners, who were divided into three groups according to
their expertise (i.e. one group per each descriptor), as shown in
Table 4.

Following Morgan et al. [7], a structured elicitation of each
expert’s judgment was selected provided that neither consensus
between experts nor a mechanism for iterative communication
between experts was required. This approach also ensured that
the expert judgments provided were free of interactions, since the
reactions of other experts present in interactive groups can pro-
voke the so-called ‘social pressure’ bias [4]. The survey was carried
out through the conduction of face-to-face interviews in order to
facilitate the expert judgment process in a most appropriate and
efficient way.

3.2. Selection and ranking of measures

Firstly, the experts of each of the three groups (Table 4) were
asked to evaluate the gap between the current situation and the
Table 4
Number of participants in the pilot application per descriptor examined.

Descriptor Number of participants

Contaminants within water 11
Contaminants within seafood 7
Marine litter 10
fulfillment of a GES target set by MSFD for the examined de-
scriptors. According to the results illustrated in Fig. 2, the gap
between the current situation and the fulfillment of the GES target
seems to be lower for descriptor D9 (43% of the participants as-
sessed the gap as low). For the case of descriptor D8, 55% of the
experts evaluated the gap either as low or medium; 80% of the
respondents specified that the gap for descriptor D10 is either high
or very high, highlighting the need for more concerted efforts to
achieve the MSFD targets in this case.

Then, the experts of each group were asked to select the five
most effective measures (Table 1) to fulfill the MSFD targets (Fig. 3)
for the corresponding descriptors. Taxes (M3) and trading schemes
(M5) were not selected for any of the examined descriptors, and
compensation schemes (M6) were selected only once (for D10).
Furthermore, two additional measures were identified for D8,
namely licensing procedures with standards and common frame-
work (M14) and education of the personnel (M15).

Regarding the most popular measures, the imposition of bans
and activities controls (M1) was selected from at least 86% of the
experts for all the examined descriptors, and output controls (M7)
and communication and raising public awareness (M12) were
selected from at least 64% of the experts, accordingly.

The implementation of the described methodology resulted in
the final cost-effectiveness ranking (Table 5) and the normalized
cost-effectiveness indicators (Fig. 4) of the examined measures.

According to the final cost-effectiveness ranking list, the im-
position of bans and activities controls (M1) is the most cost ef-
fective measure for descriptor D8, while the measures of com-
munication and raising public awareness (M12) and output con-
trols (M7) are the second and third most cost-effective. For de-
scriptor D9, the main cost-effective measures consist of measures
to improve the traceability (M9), output controls (M7) and the
imposition of bans and activities controls (M1). Finally, the im-
position of bans and activities controls (M1) seems to be the most
cost-effective for the descriptor D10 followed by the measures of
communication and raising public awareness (M12) and stake-
holder involvement (M13).

The evaluation of the previous results should be performed
taking into consideration the relative differences among the nor-
malized cost-effectiveness indicators due to the fact that in some
descriptors the most cost-effective measures are more competitive
than in other descriptors.

According to the results of Fig. 4, the imposition of bans and
activities controls (M1) has as indicator the value of 100 for de-
scriptor D10, while the communication and raising public aware-
ness actions (M12) has the second highest indicator equal to 53.

As regards the other two descriptors, there are no significant
differences among the examined measures. Indicatively, the im-
position of bans and activities controls (M1) has as indicator of 100
for descriptor D8, while the indicator of the measure of commu-
nication and raising public awareness (M12), which is the second
most cost-effective, amounts to 76. Similarly, the indicators of the
measures to improve the traceability (M9) and output controls
equal 100 and 80 respectively for descriptor D9.

3.3. Stochastic analysis

The results of the Monte Carlo simulation process are presented
in Tables 6–8 for each descriptor separately. The results consist of
various statistical measures such as mean, median, min, max and
standard deviation, and the percentiles of the estimated normal-
ized cost-effectiveness indicators of measures in order to achieve
the GES.

The results of the stochastic analysis are almost identical with
the results of the basic (i.e. deterministic) analysis confirming the
robustness of the obtained estimates. The same conclusion can be



Fig. 2. Estimated gap between the current situation and the GES target set by MSFD 2008/56/EC for the examined descriptors.

Fig. 3. Popularity of selected measures for the examined descriptors towards achieving GES.

Table 5
Final cost-effectiveness ranking of measures for the examined descriptors towards
achieving GES.

D8 D9 D10

M1 1 3 1
M2 5 7 4
M3 13 11 12
M4 9 9 7
M5 13 11 12
M6 13 11 8
M7 3 2 6
M8 7 4 11
M9 4 1 8
M10 11 10 5
M11 8 5 10
M12 2 6 2
M13 6 8 3
M14 11 11 12
M15 9 11 12
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derived from Table 9 were the final cost-effectiveness ranking of
measures for achieving GES estimated by the mean estimates of
Monte Carlo analysis is presented. Specifically, there are no
differences among the most cost-effective measures for the ex-
amined descriptors, while only a few minor differentiations can be
observed in the final ranking of the rest of the measures.

3.4. Discussion of results

According to the pilot-test findings, the gap between the current
situation and the fulfillment of the GES target seems to be lower for
descriptors D9 and D8 in comparisonwith D10. The imposition of bans
and activities controls (M1) and the output controls (M7), which be-
long to traditional command and control instruments and the com-
munication and raising public awareness (M12), which are categorized
as social instruments, were selected from the vast majority of the
experts for the examined descriptors. On the contrary, economic in-
struments, such as taxes (M3), trading schemes (M5) and compensa-
tion schemes (M6) were the less favored. Although the number of
experts participating in the three groups of the pilot-test cannot lead
to absolute conclusions, the findings coincide, at least in part, with
those of other works in the field of marine policy. For instance, in a
recent guidance [2] that collected evidence to support EU Member
States to compile a set of measures for the implementation of the



Fig. 4. Normalized cost-effectiveness indicators of selected measures for the examined descriptors towards achieving GES.

Table 6
Results of Monte Carlo analysis for descriptor D8.

D8 M1 M2 M4 M7 M8 M9 M10 M11 M12 M13 M14 M15

Statistics Mean 68 47 11 64 36 54 10 14 95 48 9 12
Median 67 45 10 61 34 51 10 13 100 44 8 11
St. dev. 21 16 4 20 13 17 4 5 11 19 4 4
Min 18 14 3 21 11 18 4 4 41 17 3 5
Max 100 100 30 100 92 100 31 33 100 100 32 28

Percentiles 0% 18 14 3 21 11 18 4 4 41 17 3 5
10% 40 29 6 39 21 34 6 8 78 28 5 7
20% 48 33 7 45 24 39 7 9 92 33 6 9
30% 55 37 8 51 28 43 8 11 100 37 7 10
40% 61 41 9 57 31 47 9 12 100 40 8 10
50% 67 45 10 61 34 51 10 13 100 44 8 11
60% 74 49 11 66 36 56 11 14 100 48 9 12
70% 81 54 12 73 40 61 12 16 100 53 11 13
80% 90 59 14 82 45 68 13 18 100 61 12 14
90% 100 68 16 95 54 78 15 20 100 75 15 17
100% 100 100 30 100 92 100 31 33 100 100 32 28
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MSFD a database consisting of nearly 140 measures was developed.
The inventory was based on a two-track approach. First, relevant
sources, organizations and experts were detected through literature
review and, then, 24 experts were contacted to provide their experi-
ences through telephone interviews. According to the findings of the
study, the majority of measures are allocated to command-and-control
instruments (36%) and a broad category of technical, technological and
research-oriented measures (32%), followed by economic instruments
(23%) and social measures (9%). Regarding specifically descriptor D10,
Reinhard et al. [34] assessed various measures in order to fulfill the
requirements of MSFD using cost-effectiveness analysis. They con-
cluded that the most cost-effective measures seem to be awareness
campaigns, harmonization of the fees of port reception facilities and
the control of garbage. A more recent report analyzed the contribution
of 72 LIFE projects between 2005 and 2012 to all stages of MSFD
implementation schedule [35]. As regards the type of measures im-
plemented, it was found out that the majority of the projects make up
contribution to command-and-control mechanisms (input, output and
spatial and temporal distribution controls) and social instruments
(management coordination measures, communication, stakeholder
involvement and public awareness campaigns). Economic incentives
and technical measures (e.g. measures to improve the traceability of
marine pollution, ‘clean up’ operations, etc.) were by far fewer. Hence,
it seems that despite the increasing effort in recent years towards
implementing market-based instruments (e.g. the “Fishing for Litter”
initiatives) in support of the “polluter pays” principle, the “user/ben-
eficiary pays” principle and the “full-cost recovery” principle [36], the
use of command-and-control measures still dominates marine policy-
making and thinking.

According to the final cost-effectiveness ranking list, the im-
position of bans and activities controls (M1) is declared as the
most cost-effective policy measure for descriptors D8 and D10 and
the third most cost-effective for descriptor D9. The measure of
output controls (M7) was the second and third most cost-effective
for descriptors D9 and D8 correspondingly, and the measure of
communication and raising public awareness (M12) was the sec-
ond most cost-effective for both of the descriptors D8 and D10.

Generally, the establishment of actions in order to quantify the
potential cumulative and in-combination environmental effects
triggered by the implemented measures can be considered as
priority [37,38]. Moreover, Berg et al. [39] have suggested the re-
arrangement and elimination of redundant criteria and attributes
in order to avoid ‘double counting’ in specific descriptors. To the
same direction, the STAGES project targeted to analyze and model



Table 7
Results of Monte Carlo analysis for descriptor D9.

D9 M1 M2 M4 M7 M8 M9 M10 M11 M12 M13

Statistics Mean 54 11 13 70 41 76 8 45 43 32
Median 49 7 12 72 36 86 7 39 40 28
St. dev. 29 12 8 27 25 26 3 26 19 17
Min 2 1 1 7 3 7 2 4 6 3
Max 100 100 62 100 100 100 26 100 100 100

Percentiles 0% 2 1 1 7 3 7 2 4 6 3
10% 18 3 5 31 15 36 4 16 20 14
20% 26 4 7 41 20 48 5 22 26 18
30% 33 5 8 51 25 60 5 28 31 21
40% 41 6 10 61 30 72 6 34 35 25
50% 49 7 12 72 36 86 7 39 40 28
60% 58 9 13 83 41 100 8 46 45 32
70% 70 11 15 98 48 100 9 54 50 39
80% 87 15 18 100 60 100 10 65 57 46
90% 100 24 23 100 81 100 12 89 68 55
100% 100 100 62 100 100 100 26 100 100 100

Table 9
Final cost-effectiveness ranking of measures for the descriptors examined based on
Monte Carlo analysis.

D8 D9 D10

M1 2 3 1
M2 4 9 5
M3 13 11 12
M4 9 8 8
M5 13 11 12
M6 13 11 7
M7 3 2 6
M8 7 6 11
M9 5 1 10
M10 11 10 4
M11 8 4 9
M12 1 5 2
M13 6 7 3
M14 12 11 12
M15 10 11 12
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the synergistic and cumulative effects of multiple pressures for the
case of fisheries and eutrophication [40]. Hence, in cases that
implementation of specific measures per descriptor is not feasible,
decision makers might seek to find solutions that would generally
attain the goals of MSFD for as low a cost as possible. Nevertheless,
no specific and homogeneous methodology exists, so far, for the
effective assessment of these effects in the examined descriptors
within the framework of MSFD. To examine this issue, the overall
cost-effectiveness of the examined measures was estimated taking
into consideration the ranking of the measures for each examined
descriptor (Table 10). The obtained results confirmed the above-
mentioned remarks; it seems that even though no specific note
was given to the experts, the overall effectiveness of each measure
was taken into consideration, at least partially, during the provi-
sion of their estimates.

Monte Carlo simulation allows the analyst to determine esti-
mates that would be difficult to determine using deterministic
analysis and, thus, can help increase the understanding of data and
tackle the uncertainty involved in the estimates [4,41]. In this case,
the estimated overall rank derived by the Monte Carlo analysis
confirmed the robustness of the results since only minor differ-
ences exist among the ranking of the measures between the basic
and the stochastic process.
Table 8
Results of Monte Carlo analysis for descriptor D10.

D10 M1 M2 M4 M6

Statistics Mean 73 42 15 15
Median 84 36 13 13
St. dev. 29 25 9 9
Min 2 2 1 2
Max 100 100 66 64

Percentiles 0% 2 2 1 2
10% 27 13 5 6
20% 41 19 7 8
30% 54 25 9 10
40% 66 30 11 11
50% 83 36 13 13
60% 99 42 15 15
70% 100 51 17 18
80% 100 62 21 21
90% 100 81 26 28
100% 100 100 66 64
4. Policy implications and conclusions

The EU MSFD sets quite demanding requirements with re-
ference to the evaluation of the proposed program of measures
using cost-benefit or cost-effectiveness analyses. So far, however,
M7 M8 M9 M10 M11 M12 M13

18 5 12 51 13 59 57
16 5 10 45 11 56 52
9 2 7 30 7 30 31
2 1 1 3 2 2 4

68 15 52 100 48 100 100

2 1 1 3 2 2 4
8 3 5 15 5 20 18
11 4 6 24 7 29 27
13 4 8 30 9 38 34
15 5 9 37 10 47 42
16 5 10 45 11 56 52
19 6 12 56 13 68 64
21 6 14 67 15 81 80
24 7 16 84 18 100 100
29 8 20 100 23 100 100
68 15 52 100 48 100 100



Table 10
Total ranking of the examined measures for the deterministic and Monte Carlo
analyses.

Measure Overall rank – basic analysis Overall rank – stochastic analysis

M1 1 1
M12 2 2
M7 3 3
M9 4 4
M2 5 6
M13 6 4
M8 7 8
M11 8 7
M4 9 9
M10 10 9
M6 11 11
M15 11 12
M14 13 13
M3 14 14
M5 14 14
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there are only limited efforts to develop suitable tools towards
facilitating this task within the prescribed timeline. Aiming at
bridging this gap in marine policy- and decision-making, a cost-
effectiveness ranking algorithm, named MeTaLi, has been devel-
oped. It provides a simple, transparent and straightforward fra-
mework to evaluate alternative policy measures for achieving or
maintaining GES in EU marine waters under the MSFD. Originally,
the tool is oriented to five specific MSFD descriptors, namely
commercial fisheries and shellfish (D3), hydrology (D7), chemical
pollution of the environment (D8), contaminants in fish and sea-
food (D9) and marine litter (D10). Yet, its open architecture makes
it extremely adaptable and ‘transferable’; it can be applied to a
wider spectrum of marine policy applications with minimum
modifications across EU Member States for all the eleven de-
scriptors of the MSFD, as well as across other areas around the
world for managing marine policy problems, in general.

MeTaLi is built upon expert judgment since the available sci-
entific knowledge and information (e.g. detailed cost data of
measures) in the field of marine policy is far from being adequate,
at least under the logic of the EU MSFD. This also means that the
methodology is sensitive to a number of heuristics and biases that
affect expert judgment approaches cf. [4,42]. As a means to tackle
with these issues, at least partially, the methodology involves
fuzzy numbers relating to the language-based representations of
probability of the estimates and stochastic analysis to reveal the
parameters that are most sensitive to experts’ opinions via Monte
Carlo simulations. In general, the methodological approach follows
the guidelines and the conclusion drawn by a recent study [42] as
regards the harmonization of economic and social analysis when
preparing programs of measures. This study highlighted the im-
portance of the integration of semi-quantitative or qualitative as-
sessments, the elicitation of expert opinions in combination with
bibliographical review, the involvement of stakeholders for the
collection of information and judgments and the conduction of
uncertainty analysis.

The findings from the pilot-test of the tool are promising. For
example, besides establishing a priority ranking of measures just
for one selected descriptor, a synthesis of the results for different
descriptors may be used to help marine policy- and decision-
makers determine the most ‘overall’ cost-effective measures. This
‘overall’ ranking takes could take into consideration potential sy-
nergies of policy measures between different descriptors and
could prove valuable in cases that time and/or budget constraints
forbid the implementation of descriptor-specific measures.

At the same time, however, the pilot application reveals the
need for further improvements and considerations. For instance, it
is evident that there exist ambiguities in the identification of the
effectiveness, the implementation cost and the implementation
difficulties of the measures. These are associated, among others,
with information gaps, as well as the different backgrounds of the
experts. Thus, in real-scale applications of the methodology, e.g.
towards establishing “best-practices” for programs of measures at
local, national, regional and European levels, a diverse and suffi-
cient number experts should be involved considering the multi-
disciplinary nature of the problem. Moreover, future research is
needed for measuring the impacts of the proposed measures in
physical and economic terms. Some measures may be considered
to be cost-effective; yet, they may fail to achieve environmental
goals or may not be feasible from a social point of view (e.g. in
cases where the cost of the measure exceeds the monetized social
benefits).

Concluding it should be emphasized that the results of MeTaLi
alone do not provide a final answer regarding the least-cost
achievement of GES in EU marine waters. There are many di-
mensions (e.g. scientific, socioeconomic, etc.) that drive such de-
cisions and should be thoroughly investigated. However, having a
quantitative and transparent cost-effectiveness method could
provide a key piece of the answer to the fundamental question of
how to prioritize measures in the context of the MSFD when sci-
entific evidence is lacking and – from this point of view -– MeTaLi
could be of enormous value to Member States that need to justify
and defend their marine policy decisions on economic grounds.
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