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Recently there has been an effort to put in practice integrated management plans in Marine Protected
Areas (MPA) not only because of their high natural and cultural importance but also due to usual conﬂicts
related to local activities. These plans should include the use of adaptive sustainability indicators that
reﬂect stakeholders concerns, and community interests, allowing a better assessment, management and
reporting. An adequate set of indicators for the MPA should help their managers to improve management
policies in order to achieve better decision making processes. This study aimed to develop a set of
adaptive-participative sustainability indicators (SDI) for the assessment, management and reporting of
MPAs that include, through the all process, the participation of local stakeholders at every levels, integrating the stakeholders knowledge and perceptions about the SDI meaning and a self-assessment of the
SDI state produced also by the stakeholders. The proposed approach was tested in Luiz Saldanha’s Marine
Park, located in South East of Portugal between the municipalities of Sesimbra and Setúbal. The
framework to design the SDI comprised four phases: i) an international analysis of SDI sets for coastal
zones and MPAs; ii) a participatory process, where the stakeholders had the possibility to state their
concerns through an online and face to face questionnaire surveys about the strengths and weaknesses of
the MPA; iii) an analysis conducted by a team of experts to reach a set of indicators that include the main
relevant aspects of environmental, socioeconomic, and governance issues, taking into account the
information from the ﬁrst two phases and iv) a workshop and questionnaires held to assess the stakeholders’ global views and perception about the selected set of indicators and each indicator’s relative
importance. This study showed the importance of a dynamic participative process involving the local
stakeholders. It is concluded that this methodology allows a better understanding of each indicator by
the local stakeholders and how it could respond to their concerns. It should also help the MPA managers,
to deﬁne the most suitable management actions and monitor the management plan itself.
Ó 2011 Published by Elsevier Ltd.

1. Introduction
In order to measure sustainable development it is vital to use
tools that can both measure and facilitate progress towards a broad
range of environmental, socioeconomic and governance goals.
During the decade of 1990 there was an exponential increase in
programs that intended to propose sustainable development indicators (SDI). Most of supra-national bodies state that the development of SDIs was necessary to provide solid bases for decision
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making at all levels and also to contribute to self regulating
sustainability of integrated environmental and development
systems (Mitchell, 1996; Reed et al., 2006). These SDI should help us
to gather, analyse and use information for managers to make better
decisions, measuring progress, and monitoring feedback mechanisms (Scipioni et al., 2008). Also, in order to reach a better set of
SDI, their design and development should integrate an open and
effective communication and a broad participation process,
including a continuous, iterative and adaptive procedure that
provides ongoing support in the decision-making process (Hardi
and Zand, 1997; Reed, 2008; Ramos, 2009; Coelho et al., 2010;
Mascarenhas et al., 2010). As stressed by Reed et al. (2006), the
majority of the actual indicator systems are based on a top-down
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processes from the public point of view, assuming that are “weak”
and “strong” actors with different roles. This ﬁnding shown a need
to deal with non-traditional aspects of sustainability assessment
and reporting, facing new challenges of stakeholders engagement,
namely about the meaning and important of sustainability indicators for an effective, management of MPA. Participatory approaches
to develop and implement SDI are not enough. They should have
effective impact on the policies and management plans of the MPA,
and involved stakeholders should see how their contributions have
affected the strategic or operational actions. Also this kind of
adaptive-participative approach should be stimulated within the
MPA decision-makers communities and put into practice their
usefulness. At last an SDI revisions and evaluation should be conducted at all the stages of the adaptive-participative approach to
allow a continuous improvement.
In future developments the methodology could be tested in
other MPA to allow comparisons and cross-validation of the
adopted methodology. Also stakeholder could active participate
and be involved in the indicator assessment. Volunteer monitoring
could become an integral part of the effort to assess the sustainability of an MPA. Government agencies, often strapped by ﬁnancial
limitations, have found that volunteer programs can provide highquality, reliable data to supplement their own monitoring
programs (e.g. water quality).
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The description of the state and possible changes of a physical system, through an objective, simple and
standard methodology is becoming a daily requirement for coastal managers. The implementation of
national and international regulations is in fact nearly fully based on the use of such indicators. On the
other hand, scientists spend a considerable effort into trying to express and understand the physical
processes underlying a certain system, but often they do not put the necessary effort to translate them
into useful indicators which can be used by coastal managers. This paper tries to close the existing gap
between scientists and coastal managers by describing the morphological development of the Holland
coast through an indicator approach. In particular, three indicators have been chosen to quantify three
different coastal functions, i.e. the short-term safety, the medium term safety and the available space for
nature and recreation. The dynamics of the indicators have been quantiﬁed in relation to the external
pressure factors determining those changes. Those relations provide simple rules of thumb which can be
used by coastal managers to quantify the effects of speciﬁc actions (e.g. implementation of nourishments), to assess the impact of changes in the natural forcing (e.g due to climate change), or as a basis for
cost-beneﬁt analysis.
Ó 2013 Elsevier Ltd. All rights reserved.

1. Introduction
Coastal state indicators have been widely used in recent years in
different disciplines related to oceanography, marine ecology,
biology and coastal engineering. Coastal managers supported by
scientists feel an increasing pressure from national and international authorities to deﬁne those indicators. For example, the European Water Framework Directive (Directive, 2000/60/EC) and the
most recent European Marine Strategy Framework Directive
(Directive, 2008/56/EC) are based on the deﬁnition of Good Environmental Status, completely described by a number of targets and
indicators. Indicators are used to monitor environmental issues
and, as management tools, to assess the effectiveness of policies, by
measuring the progresses towards a certain target.
On the other hand, the information provided by scientists is
often too complicated and the communication between scientists
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and coastal managers very ineffective (Van Koningsveld et al.,
2005; Ojeda-Martínez et al., 2009). The scientiﬁc community is
mainly working on very detailed aspects of one speciﬁc problem,
while managers are interested in the holistic view, with a lower
degree of detail, of the entire physical system. Stojanovic et al.
(2009) suggested that ‘communication’ between scientists and
stakeholders should be preferred to ‘dissemination’, involving a
two-way transfer of information and they indicated as an example
to reach this objective the set-up of ‘coastal partnerships’.
Considerable efforts to improve this situation has been made for
example in the CoastView European project (Davidson et al., 2007).
Video-derived coastal state indicators have been applied for
monitoring the coastline evolution (Kroon et al., 2007), the level of
beach-use and the beach safety (Jiménez et al., 2007).
The present investigation aims at describing and quantifying the
morphological development of the Holland coast through an indicator approach, in a way that can support coastal managers. At ﬁrst,
the main natural and anthropogenic external pressure factors are
depicted. This is followed by choosing three indicators to quantify
possible changes to three different coastal functions represented by
the short-term safety, the medium term safety and the available
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Table 2
List of relations between coastal indicators in support to coastal managers. The
symbol “D” indicates a relative variation of a certain pressure factor or indicator. The
conﬁdence interval of the prediction is also given ().
List of relations between indicators in support to coastal managers

D Log [Probability of breaching ()] w 0.06 (0.09)  D Average Hs2 (m2)
D MCL (m) w 2.0 (7.0)  D Average Hs2 (m2)
D Dune foot position (m) w 6.0 (2.0)  D Maximum yearly water level (m)
D Probability of breaching () w 0.0004 (0.0001)  D Total nourishment
volume (m3)

D MCL (m) w 0.03 (0.008)  D Total nourishment volume (m3/m)
D Dune foot position (m) w 0.02 (0.01)  D Total nourishment volume (m3/m)
D Probability of breaching () w 0.01 (0.002)  D MCL (m)
D Probability of breaching () w 0.01 (0.002)  D Dune foot position (m)

4.3. Relations between indicators
Besides the effects of external pressure factors on the indicators,
possible relations between indicators were investigated. These relations could help coastal managers to estimate values for one indicator based on a different one, whenever data are not available to
compute the ﬁrst one explicitly.
Fig. 11a shows how variations in MCL position can affect the
probability of failure. The Figure shows that a seaward shift in MCL
of 100 m, can lead to a decrease in probability of breaching of 1.2
which means more than one order of magnitude in logarithmic
scale. Fig. 11b shows the relation between shifts in dune foot position and the probability of breaching. A seaward shift in dune foot
position of 100 m has the potential to reduce the probability of
breaching of about one order of magnitude. Those relations can be
explained considering that a seaward shift of the MCL or of the
dune foot position corresponds to an increase in sediment volumes
at the shore and in the dune area, and as a consequence to an
increase in safety level shown by a decrease in probability of
breaching.

5. Discussions and conclusions
The present paper focuses on the identiﬁcation of a number of
coastal state indicators which describe and quantify the morphological development of the Holland coast. The overall morphological
development of the coast has been described as a sum of pressure
factors corresponding to long-term trends, yearly storminess and
effects of nourishments. Relations between external pressure factors
and indicators, and between different indicators were identiﬁed.
The three chosen indicators (probability of breaching, MCL, and
dune foot position) were linked to three different coastal functions,
i.e. short term safety, medium-term safety and available space for
nature and recreation.
A number of relations between indicators and external pressure
factors (storminess and nourishment volumes) were identiﬁed and
are summarized in Table 2. The Table shows both the slope of the
regression line, identifying the relation between the indicators, and
the conﬁdence interval which deﬁnes the range within which this
slope might vary.
Those relations provide easy-to-use rules of thumb for coastal
managers, to assess the impact of external actions (e.g. nourishments) on certain functions (e.g. safety). They are of course not
exact and are subjected to a certain degree of variability described
by the conﬁdence interval. Nevertheless, they can be the basis for
simple cost-beneﬁt analysis, for example replacing the nourishment volume with the actual nourishment cost, and their effect on
the function with their monetized value. As an example, assuming
an average cost for a nourishment of 5 V/m3, and considering a

stretch of coast of 10 km, with an investment of 5 MV spread on a
10-year time window, we can nourish the coastline with about
100 m3/m, which will be sufﬁcient to increase the dune area of
0.02  100  10 000 me20 000 m2 at the end of 10-year period in
which the investment will take place.
Also, the effects of possible changes in the natural pressure
factor (e.g. storminess), for example due to climate change, can be
easily estimated using these relations. Nevertheless, the effects of
nourishment was found to be by far the most dominant process on
the morphological development.
The coefﬁcients in the relations presented above are clearly
determined for the Holland coast case and depend on several local
parameters such as the slope of the cross-shore proﬁle, the wave
climate, the hydrodynamic conditions, the grain size diameter, etc.
The fact that relations could be determined for this case study allows scientists to translate them to their speciﬁc situation, in support of the decision making process of coastal managers
responsible for the region.
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