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Abstract

Maritime spatial planning aims to provide an integrated governance framework for the rational allocation of activities whilst
also preserving marine ecosystems. Maritime spatial planning is a complex task with similarities to but also significant dif-
ferences from onshore spatial planning. The sea is a multidimensional environmental, economic and social territory, so the
methods and methodologies used for classical land-use planning can vary. The management of the coastal zone, which is
the link between the land and the sea, is critical. The adoption of European Union Directive 2014/89 has led to the creation
of a new national legal framework for the preparation of maritime spatial plans in European Union member states, including
Greece. However, the complexity of the interactions between anthropogenic pressures and the marine ecosystem makes it
essential to quantitatively assess the impact of the land uses included in proposed local spatial plans. Thus, the cumulative
impact score index (Ic) was used to assess the pressures on the coastal environment caused by the land uses proposed in the
local spatial plan for the Mastichochoria area of the island of Chios in Greece. Based on the results of the case study, the
authors argue that quantitative analytical tools are required for comprehensive and effective planning, especially within the
ecosystem approach framework. The results indicate that an integrated approach between onshore and offshore institutional
spatial planning is required, and that a new, more effective spatial governance model is needed in Greece.

Keywords Maritime spatial planning - Spatial governance - Coastal zone - Greece - Marine ecosystem

Introduction

During the last few decades, maritime spatial planning
has been the subject of extensive dialogue at the European
and international levels (e.g. Zaucha and Gee 2019; Was-
senhoven 2017; Kyvelou 2016), while the spatial planning
of coastal zones (Ahlhorn 2018) and the development of
coastal communities (Mega 2016, 2019) have received
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particular attention. The framework for the preparation and
monitoring of such plans has drawn significant interest.
Buhl-Mortensen et al. (2017) proposed a generic framework
for the monitoring and evaluation of spatially managed mari-
time areas that was tested in 13 European countries. Jones
et al. (2016) carried out 12 case studies of European coun-
tries and used the results to design a well-structured, quali-
tative, empirical approach to delivering concrete maritime
spatial planning policies. Papatheochari and Cocossis (2016)
proposed a framework for the monitoring and evaluation
process to use when implementing and reviewing a mari-
time spatial plan. Abramic et al. (2018) investigated whether
the implementation of the INSPIRE Directive (European
Union Directive 2007/2/EC) improves and strengthens the
information management and data infrastructure required
to establish maritime spatial planning processes. Follow-
ing a similar approach, Pinarbasi et al. (2017) presented a
thorough review of the current use of decision support tools
for MSP implementation processes around the world. They
also identified weaknesses of and gaps in existing tools, and
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proposed new ways to improve the feasibility and promote
the application of those tools.

European Union (EU) Directive 2014/89 (European
Union 2014) states that maritime spatial planning is the
most suitable tool for ensuring the effective management
of marine activities and the sustainable use of any marine
or coastal resource. This Directive is part of the EU Inte-
grated Maritime Policy, and has explicit synergies with the
Marine Strategy Framework Directive and other EU policies
that promote the adoption of an ecosystem-based approach.
It also identifies maritime spatial planning as a cross-sec-
toral policy instrument that enables public authorities and
stakeholders to adopt an integrated approach that ensures
maritime policy implementation. The final objective of the
Directive is to use maritime spatial planning as an interdis-
ciplinary tool to coordinate EU sectoral policies affecting
seas, islands, coastal areas and marine activities based on
the pillars of sustainable development.

Directive 2014/89 has driven many EU member states to
develop maritime spatial plans (MSPs) and incorporate them
into their national legal frameworks in an effort to shape
effective policies for developing and regulating the marine
environment. However, progress in the maritime spatial
planning process varies significantly among EU member
states (Kyvelou and Pothitaki 2016).

Interdisciplinarity is a fundamental component of spa-
tial planning, especially in member states that are charac-
terized by serious spatial planning deficiencies, such as
Greece (Lazoglou and Angelides 2016). Maritime spatial
planning is of paramount importance in Greece, as it is a
relatively new topic in this country. This subject is currently
at the forefront of scientific dialogue in Greece due to the
ongoing formulation of the terms, conditions, structures
and principles it must address. Areas of particular interest
have been the adaptation of blue growth policy in Greece
(Kyvelou and Ierapetritis 2019) and the interaction of coastal
and marine environments (Cocossis and Beriatos 2016),
emphasizing various issues such as socioeconomic dimen-
sions (Niavis et al. 2016), landscape integration (Tsilimig-
kas et al. 2018), and facilities such as offshore wind farms
(Vagiona and Karanikolas 2012) and wave-energy systems
(Vasileiou et al. 2017). Another interesting research question
was investigated by Papageorgiou and Pozoukidou (2014),
who proposed a basic spatial typology of traditional settle-
ments based on geospatial and environmental characteristics,
focusing in particular on the islands of Crete, the Cyclades,
and the Dodecanese, among others. They also proposed
three levels of protection, as reflected in a number of restric-
tions and guidelines for each type of settlement.

Overall, the complexity of the interactions between
anthropogenic pressures and the marine ecosystem makes
it essential to quantitatively assess the impact of the pro-
posed land uses in local spatial plans (LSPs). Therefore,
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in the work we report in the present paper, the cumulative
impact score index (Ic) was used to assess the pressures on
the coastal environment induced by the proposed land uses
in the LSP for the Mastichochoria area of the island of Chios
in Greece. We argue that quantitative analytical tools such
as this are required to facilitate comprehensive and effec-
tive planning, especially within the ecosystem approach
framework.

Maritime spatial planning and land-sea
interactions

A key challenge for maritime spatial planning is to ensure
an appropriate balance between development pressures and
environmental protection and also to address the rational
allocation of human activities and their interactions among
each other (Wassenhoven 2017). However, the sea does not
constitute a strictly defined area; it is a field of competition
between various actors across national, regional, and other
administrative borders. Sustainable development—the inter-
generational conservation of resources—should be consid-
ered a prerequisite for this process.

Moreover, important notions for onshore spatial plan-
ning such as territorial cooperation acquire different mean-
ings, requirements and priorities in marine spatial planning.
Therefore, marine spatial planning is considered a complex
task, as the strong anthropogenic pressures faced by the
marine environment make it imperative to protect the sea
against any kind of potentially irreversible damage, particu-
larly to marine ecosystems (Wassenhoven 2017).

When devising solid and concise policies that facilitate the
sustainable use of the sea, EU member states are expected to
take into account various and complicated economic, social
and environmental parameters, because there are various sea-
based human activities that can damage the marine environ-
ment. The quality of maritime spatial planning is directly
related to the prioritization of objectives, the effective utili-
zation of the knowledge available and democratic decision-
making. Moreover, to achieve efficacious spatial planning
policies, it is important to follow a continuous process of
formulation and coordination (Hajer et al. 2010).

Maritime spatial planning presents similarities to but also
reasonable differences from onshore spatial planning (Was-
senhoven 2017). For instance, since the sea has no inhabit-
ants, there are no private property rights, although there are
exploitation rights (i.e. exclusive economic zones). On the
other hand, human activities can occur in all dimensions
of the sea (i.e. at the surface, in the water column, on the
seafloor, on the seabed and at different times), infrastruc-
ture is not depended on population density, international or
transnational conditions may be applied, and so on. This
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complexity is mainly related to the multiple dimensions of
the sea.

A critical aspect to consider is the interaction between the
marine environment and the coastal zone—the physical link
between land and sea, which should not be regarded as two
separate zones but rather as one dynamic area that requires
a special methodological approach (European Environment
Agency 2006). This approach is not a recent one. The United
Nations Convention on the Law of the Sea (UNCLOS 1982),
a key reference report for marine spatial planning, states that
measures should be taken to deal with all sources of pollu-
tion in the marine environment, including those from land-
based sources (Article 194). One of the first related studies,
the Land—Ocean Interactions in the Coastal Zone (LOICZ)
project, was established in 1993 in the framework of the
International Geosphere-Biosphere Programme (IGBP). A
subsequent project (2004-2014) focused more on the human
dimensions of the coast, addressing hotspots of coastal vul-
nerability (Ramesh et. al 2015).

More recently, two related projects were elaborated in the
framework of the European Observation Network for Terri-
torial Development and Cohesion (ESPON). The ESaTDOR
project (University of Liverpool 2013) examined territorial
development opportunities and risks in European seas, while
MSP-LSI (University of Liverpool 2019) produced guide-
lines for both MSP and onshore planning agencies on how
to manage land—sea interactions (an analytical framework
for land—sea interactions is provided by Kidd et al. 2019).

Interactions between the land and the sea can be broadly
grouped into two categories: biogeochemical processes and
socioeconomic activities. It should be noted, however, that
these categories are closely interrelated (Kidd et al. 2019).
Pressure on the coastal environment can result from a wide
range of land-based activities, including agriculture and
urban growth (which can have a profound impact on the
marine environment; e.g. via runoff of chemicals/waste;
Directive 2014/89/EU) and the degradation or destruction of
habitats by human activities, which are neglected in coastal
area management (Wassenhoven 2017, p. 127). Marine life
relies on good water quality, and the sea is the main sink for
pollutants and sediments from land-based activities, exert-
ing pressure on the health of marine and coastal ecosystems
(University of Liverpool 2016).

According to a recent European Commission policy
report (European Commission 2018), eight key sectors
should be addressed when developing maritime spatial
plans: aquaculture, desalination, fisheries, marine cables and
pipelines, minerals and mining, ports and shipping, tourism
and coastal recreation, and offshore energy. For instance,
tourism can be a source of pollution, noise, disturbance to
marine species and water quality degradation. Aligning
marine and onshore planning is also important, and should
be achieved through consistency of policies and plans. In

European countries such as Lithuania and Germany, MSPs
are integrated into onshore spatial planning through their
inclusion in general land-use plans (e.g. Federal Plan of
Mecklenburg-Vorpommern).

Integrated coastal zone management (ICZM) is directly
related to the maritime spatial planning approach (Ram-
ieri et al. 2019); they are considered complementary tools
(1) geographically, as they often involve both onshore and
offshore human activities, and (2) in terms of objectives,
as maritime spatial planning includes the rational alloca-
tion and organization of human activities whereas ICZM
promotes the integrated management of human activities
to ensure the sustainable management of coastal zones
(Asprogerakas et al. 2007). ICZM is primarily a governance
scheme in which stakeholders are involved in ensuring con-
tinuous vertical coordination (between administrative levels)
and horizontal coordination (between actors at a particular
level) of policies and actions (for further analysis, see Ahl-
horn 2018). Papatheochari and Coccosis (2019) provide a
methodology for the development of a decision-making tool
that explores local stakeholders’ perceptions of actions that
should be prioritized during waterfront development. Wil-
liams et al. (2006) proposed a methodology that integrates
qualitative and quantitative data to estimate the net benefits
of the application of ICZM at the European scale.

Achieving the EU objectives for integrated coastal zone
management and maritime spatial planning requires a
detailed knowledge of human activities and their impacts
on environmentally sensitive habitats. Individual activities
require relevant information that must be effectively organ-
ized to achieve synergies. For example, coastal area spatial
planning requires a knowledge of erosion rates, sediment
morphology and soil topography to determine whether pro-
tection or reclamation is the most appropriate coastline man-
agement approach (European Commission 2012).

This complicated task can be achieved through the eco-
system-based approach. The ecosystem-based approach does
not necessarily follow specific pre-existing boundaries (e.g.
administrative boundaries); rather, it seeks to divide marine
spaces into individual units with similar ecosystemic char-
acteristics (e.g. protected areas and restricted areas) (Lazo-
glou 2018) in order to promote the sustainable planning and
development of anthropogenic activities (Douvere 2010;
COMPASS 2005).

The ecosystem-based approach

The United Nations (UN) Convention on Biodiversity
(United Nations 1992) defines the ecosystem-based approach
as “a strategy for the integrated management of land, water
and living resources that promotes conservation and sus-
tainable use in an equitable way”, while humans (and their
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cultural diversity) are recognized as a key integral compo-
nent of ecosystems. The conservation and sustainable use of
biological diversity and its components should be addressed
holistically after considering many socioeconomic and cul-
tural parameters; however, the ecosystem-based approach
should be the primary tool (United Nations 1995).

The ecosystem-based approach to marine space planning
is characterized by 12 complementary and interlinked prin-
ciples (CBD 2004). According to the first three, the man-
agement objectives of land, water and living resources are a
matter of societal choice (principle 1), management should
be decentralized at the lowest appropriate level (principle 2)
and ecosystem managers should consider the effects (actual
or potential) of their activities on adjacent and other ecosys-
tems (principle 3). The fourth principle refers to the need
to understand and manage the ecosystem in an economic
context. Also, ecosystems should be managed within the
limits of their functioning (principle 6), and while change is
inevitable, adaptation is an option (principle 9), pursuing the
appropriate balance between the conservation and the use of
biological diversity (principle 10). Maintaining the services
of an ecosystem should be a priority in the ecosystem-based
approach (principle 5), and the related objectives should be
achieved in the long term (principle 8) and applied in the
appropriate spatial and time frames (principle 7). Accord-
ing to the last two principles, the ecosystem-based approach
should use any existing relevant information, knowledge,
innovations and practices (principle 11) and involve all rel-
evant parts of society and scientific disciplines (principle
12). Most of the problems encountered in biological diver-
sity management are complex, with side effects and implica-
tions, and therefore should be tackled using all of the avail-
able expertise. Moreover, a wide participatory approach to
forming, implementing and monitoring policies concerning
the development and protection of an ecosystem is needed,
engaging stakeholders at local, national, regional and inter-
national levels.

The Millennium Ecosystem Assessment (MEA) initiative
in the 2000s attempted to identify the link between ecosys-
tem change and human well-being. It aimed to propose a
solid scientific framework for protecting and using the sea in
a sustainable way (MEA 2005). The sea encompasses a wide
range of ecosystem services that affect human well-being.
The MEA established a framework for addressing various
problems related to the sea, such as the impact of plastics on
fish, water supply, water purification, climate change, floods,
coastal protection, recreational opportunities and tourism.

The ecosystem-based approach has been adopted by the
MSP Directive (2014/89/EU) and other related policies and
initiatives undertaken under the auspices of the UNEP/MAP
Barcelona Convention. The utilization of the ecosystem-
based approach in maritime spatial planning results in a
holistic approach that attempts to combine environmental

@ Springer

and social objectives and ensure increased intersectoral com-
munication and cooperation at various levels (Zervaki 2019;
Wassenhoven 2017). It reflects ecological characteristics of
both the marine and terrestrial components of the coastal
zone (Westholm 2019), and may lead to a shift towards a
wide participatory perception of sea management and moni-
toring (Zervaki 2019).

The reality is, however, more complicated, and although
there is already widespread dialogue concerning legal and
operational aspects of the ecosystem approach (e.g. Langlet
and Rayfuse 2019), the best pathway for effectively imple-
menting this approach is not yet apparent (Wassenhoven
2017, p. 156). Westholm (2019) questions the coherence
of various definitions of the ecosystem approach within EU
marine legislation, given that there is evidence (Jones et al.
2016; Merrie and Olsson 2014) that MSPs based on politi-
cal expediency and blue growth priorities (see Chapter 3
in Kyvelou 2016), including marine protected area net-
works (Bastmeijer 2019), are diverging from the ecosystem
approach.

The spatial planning system in Greece
and the integration of maritime planning

Spatial planning and governance

The legal framework for urban and regional planning
in Greece has been recently revised (L.4269/2014 and
L.4447/2016) to make it more flexible and responsive. It
provides two types of planning (Fig. 1): (a) strategic spatial
planning is based on data analysis and anticipating future
developments, and includes medium-term or long-term
objectives, guidelines on spatial development and produc-
tion activities, and protection provisions at national and
regional levels; (b) regulatory spatial planning involves, for
example, the establishment of land uses and the building
ratio. There is a fundamental provision that lower-level spa-
tial plans must be harmonized to the directions and priorities
of approved higher-level spatial plans.

According to the administrative system (L. 3852/2010),
the country is divided into seven state administrative regions
(decentralized authorities) with specific planning powers.
Below this, there are 13 elected regional authorities (the
second tier of local government) and 325 local administra-
tive organizations (municipalities—the first tier of local gov-
ernment). The role of municipalities in urban and regional
planning is mostly advisory. The governmental executive
power in the field of spatial planning lies mainly with the
Ministry of the Environment and Energy.

EU Directive 2014/89 was incorporated into the Greek
legal system through the introduction of Law 4546/18.
This law established a modern national legal framework
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for maritime spatial planning in Greece that comprises the
preparation of (a) the National Maritime Spatial Strategy
(NMSS) and (b) maritime spatial plans (MSPs). Accord-
ing to Law 4546/18, maritime spatial planning “...is inte-
grated into the existing spatial planning system and coor-
dination and coherence between maritime spatial planning
and onshore spatial planning is sought” (YPEN 2018).

The Ministry of Environment and Energy is responsible
for implementing maritime spatial planning policies; it must
“...supervise and coordinate programs and studies related
to spatial planning implemented in the national marine and
coastal area...” (Law 4546/18, Article 14, par. 1.0). This
follows the model used for onshore regional spatial plans,
which should aid the swift adoption of the NMSS and MSPs
(Wassenhoven 2017). However, the law does not provide or
specify any specific tools that the Ministry of Environment
and Energy should use for this purpose. This approach was
criticized during the public consultation process for the law,
considering the complexity of the marine environment, the
large number of stakeholders and the range of administrative
responsibilities involved.

A report evaluating the implementation of existing mari-
time spatial planning policies will be prepared by the Min-
istry of Environment and Energy every 5 years. It should
be noted, however, that similar provisions for the onshore
spatial planning system have been neither effective nor suf-
ficient in the past.

The link between public administration and civil society
during the preparation and implementation of the NMSS
and MSPs is a crucial aspect of the Greek spatial planning
system. Law 4546/18 aims for a wide participatory decision-
making process followed by a similar public consultation
procedure (according to Article 6 of Law 4048/2012). How-
ever, the general lack in implementing such practices in a
substantial way in Greece, raises concerns about the effec-
tiveness of this process (Wassenhoven et al. 2010; Serraos
and Asprogerakas 2018). Key stakeholders may also actively
participate in this consultation process through the National

Council for Spatial Planning (Law 4447/2016), which is the
supreme consultation body on important issues relating to
both onshore and offshore spatial planning in Greece. In any
case, any procedure followed should be based on the prin-
ciples of equality, equity, transparency and representative-
ness in order to maximize participation in the preparation,
implementation and monitoring of marine spatial planning
policies and to identify possible synergies (Lazoglou 2018).

Assessing the implementation framework
for maritime spatial plans

According to Law 4546/18 (Art.8), maritime spatial plan-
ning determines the distribution of existing and future activi-
ties in and uses of marine areas and coastal zones. This law
also states that any activity which occurs either onshore or
offshore and interacts with the coastal area of interest must
be considered when preparing a MSP.

The National Maritime Spatial Strategy is a policy-
making framework, while MSPs focus on the subregional,
regional and even interregional levels (Law 4546/18, Art.6,
Par.4), although these regions do not necessarily correspond
to the boundaries of Greek administrative regions. The
regulatory or strategic nature of the provisions that MSPs
introduce is another crucial issue. However, the conditions
and limitations on the various activities that MSPs specify
should follow the principles of sustainable development,
respect the carrying capacity of each geographical area,
and facilitate the environmental protection, social cohesion
and economic development of the area examined (Lazoglou
2018).

Law 4546/18 also attempts to determine the legal inter-
actions between MSPs and onshore spatial plans, although
there is no defined hierarchical relationship between the
local spatial plans' (LSPs, Law 4447/16) and the MSPs.

! This term is broadly used in reference to the various types of spatial
plans enacted at a local level.
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The local spatial plans must follow the provisions of the
regional spatial plans, which are prepared for each Greek
administrative region. The law states that any onshore spatial
plan should assess the provisions of MSPs, but it does not
describe how this will be ensured. However, this ambiguity
could be circumvented by the Ministry of Environment and
Energy, given that it is the body responsible for preparing
both onshore spatial plans and MSPs in Greece, meaning
that it can facilitate smooth cooperation between both types
of plans in terms of priorities, tools and terminology. Envi-
ronmental protection tools (such as those described by Law
1650/86 and Presidential Decrees relating to the protection
of small coastal marine wetlands) as well as environmen-
tal assessment may be used to implement MSPs. Figure 1
describes the relationships between the spatial plans enacted
at various scales (national, regional and local) in onshore
spatial planning as well as the relationships between those
plans, the NMSF and MSPs (Asprogerakas and Lazoglou
2018).

Impact assessment for the coastal
and marine environment: evidence
from Mastichochoria, Chios, Greece

Method

Although human impacts on the marine environment are
readily apparent and can be systematically monitored, there
is no easy way to assess and incorporate these effects in
maritime spatial planning. Since 2008, when Halpern et al.
published the report A Global Map of Human Impact on
Marine Ecosystems, the camulative impact score index (Ic)
and several variants of it have been widely used to support
marine spatial planning (Halpern et al. 2008). However,
most of those studies have focused exclusively on the marine
environment, only rarely considering the effects of human
coastal activities on it (Holon et al. 2015; Micheli et al.
2013). In the case study reported here, Ic was used to iden-
tify the impact of land coastal uses/anthropogenic pressures
proposed by the LSP on the coastal and marine environ-
ment. Because Ic is sensitive to the weighting method used
(Bevilacqua et al. 2018), appropriate weights were adapted
from other studies (Ban et al. 2010; Teck et al. 2010). The
spatial database used consisted of the locations of human
activities (types of stressors), as described in the LSP, and
marine habitats (where data were available). The cumulative
impact score (Ic) was calculated via the following equation
(Halpern et al. 2008):

n

Ic = sz:Dixijui,j

i=1 j=1
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where:

e Diis the normalized value (scaled between 0 and 1) of
the intensity of an anthropogenic driver at location i

e Fjis the presence or absence of ecosystem j

e ui,jis the impact weight for anthropogenic driver i and
ecosystem j

e m is the average impact score across ecosystems.

The index is a linear additive model, so its output range
varies depending on the number of layers used. A classifica-
tion for this index was proposed by Halpern, but a different
classification method (quantile) was used for this case study
in order to better evaluate the cartographic results.

Case study area

The cumulative impact index was applied to the southern
part of the island of Chios in Greece as a case study. This
area was selected based on a series of criteria: (a) the exist-
ence of different proposed coastal land uses, (b) data avail-
ability, (c) the existence of a recently elaborated LSP, and
(d) the high seasonal tourist activity due to the international
reputation of the schinos (mastic) tree. The area of Mas-
tichochoria is located in the south of Chios; it has an area
of 211.7 km? and occupies 25% of the territory of Chios.
Mastichochoria is in the Municipality of Chios, the North-
ern Aegean Region and the Decentralized Administration of
the Aegean. This area is characterized by semi-mountainous
and lowland areas, where the mastic tree is cultivated. Mas-
tichochoria has a varied coastline with small rocky bays to
the west and southwest. The altitude of the Mastichochoria
region ranges from 100 to 350 m. The residential network
of the Mastihochoria area consists of a total of 24 settle-
ments, although many uninhabited islets can also be found
in this area.

Significant ecosystems are located in Mastichochoria.
The islet of Venetiko, located in the southern part of Mas-
tichochoria, is on the list of the Natura 2000 network of
protected areas (site code GR4130004) and is designated
a Venetian Island. There are also the wetland areas of Elos
Komis, Elos Fanon and Elos Lithi, which are on the list of
Protected Small Island Wetlands of the Country. Moreover,
the settlements of Mesta and Pyrgi, as well as the islet of
Venetiko, have been identified as landscapes of particular
natural beauty.

Since there is no official MSP for this area as yet, the
current LSP was examined. The aim was to identify, quan-
tify and map potential conflicts between the LSP, coastal
planning and the marine environment. The LSP for
Mastichochoria, according to the official principles and
guidelines, determines land uses (tourism development,
agriculture, etc.) in this area for the next 10-15 years,
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Table 1 Human pressures, habitats, weights and relevant distances used in the analysis

Habitats (aggregated level) Coastal/marine pressures

Land-based pressures

Aquaculture/ Transportation/  Tourism Fishing Human set-  Agriculture Fishing shelter
finfish vessel density tlements
Natural protected areas and other 2 2 2 2 2 2 2
similar significant areas (such as
wetlands)
A5.535: [Posidonia] beds/AS5.38: 1.5 2 1.3 2 1.3 14 1.4
Mediterranean biocoenosis of
muddy detritic bottoms
Posidonia (MEDISEH) 1.5 2 1.3 2 1.3 1.4 1.4
Coralligenous (MEDISEH) 1.5 2 1.3 2 1.3 1.4 1.4
Maerl (MEDISEH) 1.5 2 1.3 2 1.3 1.4 1.4
Distance to which effects extend M M—ML M ML M M

M =medium(0-2 km), ML = medium-long(0-10 km)

Source: present authors (2019), adapted from (Ban et al. 2010; Teck et al. 2010)

as well as the conditions imposed on each type of devel-
opment. The effects of those planning decisions on the
marine environment are not assessed in this framework,
as LSPs are not obliged to extend beyond the coastal line.
As aresult, LSPs do not consider anthropogenic pressures
when proposing coastal land development or restrictions
beyond those that the institutional framework for pro-
tected areas (e.g. Natura 2000 areas) dictates.

Data collection and preprocessing

Each coastal/marine and land-based anthropogenic pres-
sure was assigned a zone of impact based on previously
cited literature, and a buffer was created (Table 1). The
land-based pressures were obtained from the proposed
land uses in the LSP. The four most dominant land uses/
activities were selected: tourism development zones,
human coastal settlements, agricultural land and fishing
shelters. In this area, especially along some parts of the
coast, seasonal tourism and leisure activities are signifi-
cant. The exception is the valley of Dotia and the beach
at Vroulidia, where schinos is widely cultivated (orange
color in Fig. 2).

Data on the marine environment were acquired through
EMODNet (European Maritime Observations and Data Net-
work). EMODNet offers immediate access to reliable infor-
mation, open accessibility and interoperability (European
Community 2012). Data layers from the Human Activities
and Seabed Habitats portals were used. In particular, the
following data layers were used in the analysis:

e EUSeaMap (2019) broad-scale predictive habitat map
(EUNIS classification codes A5.535: [Posidonia] beds
and A5.38: Mediterranean biocoenosis of muddy detritic
bottoms). These habitats were selected based on the

European Red List of Habitats (Gubbay et al. 2016). The
relevant dataset is shown in Fig. 3a.

e The following layers from the project MEDISEH: Medi-
terranean Sensitive Habitats were used:

e Probability of a coralligenous habitat in the Mediter-
ranean (Fig. 3b)

e Probability of a maerl habitat in the Mediterranean
(Fig. 3¢)

e Modelled probability of Posidonia oceanica
meadows occurring across the Mediterranean Sea
(Fig. 3d).

Only areas with probabilities of 75% or more were
used in the analysis. More detailed information about the
habitats can be accessed from the above portals.

e The following layer from the human activities portal was
used:

e Vessel density (Fig. 3e).

Protected areas (Natura, wetlands and environmentally
significant areas) were also added to the coastal and marine
habitats. Finally, the fishing intensity raster for Europe from
the JRC online data catalogue was used. The information
used in this work was obtained from the automatic identi-
fication system (AIS)-derived high-resolution fishing effort
layer for European trawlers more than 15 m long for the
years 2014-2015. All of the above data sets were processed
and calibrated for an integrated geospatial database. For the
spatial analysis process, all data were converted to a pixel
size of 1000 x 1000 m.

Application of the cumulative impact index

Only the locations of known human activities were used in
the analysis, and the relative impact as well as the distance to

@ Springer
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Fig.2 Area considered in the case study, and land uses proposed in the LSP for this area. Source: present authors (2019)

which the effects of an activity extend were acquired through
a literature review (Ban et al. 2010; Teck et al. 2010). The
weights were adapted for this case study. Table 1 presents
the datasets (habitats and human activities/anthropogenic
pressures), the weights and the distances to which the effects
of various human activities extend.

The results of the application of the Ic were mapped
(Fig. 4). The values of Ic obtained varied from 0.2 to a maxi-
mum of 8.8. To categorize the results cartographically, the
data range was divided into five categories using the quantile
method. Each category had an equal number of pixels.

The map shows that the proposed uses in the LSP have a
significant impact on marine habitats, especially in the red
areas (with Ic values of > 2.7), demonstrating the need for

@ Springer

marine spatial planning and coastal planning to act synergis-
tically. High cumulative impact scores are generally due to
the presence of multiple proposed uses because the index is
linear additive, as previously mentioned. In this case study,
even though only a few datasets were available, areas with
very high Ic values covered more than 34% of the total area
considered. This impact on the coastal and marine environ-
ment was not explicitly taken into consideration at any stage
during the creation of the LSP. The results demonstrate that,
even at a small scale, the land uses specified in a local plan
can have a potentially significant impact on the marine envi-
ronment. Although Ic is a simple index, it not only allows us
to quantify and visualize the impact of land uses spatially
(depending on the analysis of the original data sources), but
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Note: The correspondant letters refer to the datasets presented in section 5.3

Fig.3 Datasets for available human marine activities and seabed habitats. Letters refer to the datasets discussed earlier in this paper. Source:
present authors (2019)

it also provides a way to re-evaluate, re-think and re-plan the
LSP. Using Ic data, planners can evaluate multiple planning
scenarios and their effects on the coastal environment, thus

enhancing both the MSP and the LSP. The results of this
case study also demonstrate that the future of coastal and
marine planning is much more complex than the future of

@ Springer
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land planning. The authors argue that this is a missing link in
the national procedure for implementing local spatial plans.

Limitations of the case study

The datasets used here were derived from EMODNET and
other open online databases. Although they have spatial
limitations (coarse-grained analysis, lack of field data),
they nevertheless represent the marine and coastal envi-
ronments sufficiently accurately to demonstrate the main
argument of the present work. It is evident that more data
are needed to achieve more detailed and efficient coastal
planning, but this case study was performed to highlight
the impact of onshore planning on coastal and marine
ecosystems and to prove our initial argument: that local

@ Springer

spatial plans fail to account for coastal ecosystems and
marine habitats.

Discussion and conclusions

The purpose of maritime spatial planning is to manage and
organize marine activities and uses in a sustainable way.
This process is complicated and is characterized by a mul-
titude of specifics. Maritime spatial planning is complex,
and the multifaceted nature of the problems examined
requires any potential solution to them to be interdiscipli-
nary. The need to rationalize the principles, priorities and
objectives that shape the framework of decision-making
has been recognized in the European policy-making pro-
cess, and has already acquired an institutional character in
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the context of spatial policies through the establishment
and development of the European Observation Network
for Territorial Development and Cohesion in the 2000s.

In Greece, the interconnections between MSPs and
the onshore spatial planning system should be identified
clearly and concisely to avoid any legal or administrative
confusion and prevent the formation of a parallel planning
system that cannot facilitate the sustainable planning of
marine and coastal areas. The implementation of MSPs
should account for the particularities of each region (size,
density, maritime uses, marine environmental vulnerabil-
ity, administration), while the transition from onshore spa-
tial planning to offshore spatial planning is critical and
requires cooperation between the respective marine and
land strategies and plans. This indicates that sufficient
data, concrete in-depth analysis and detailed evaluation
methodologies are required.

The establishment of a properly structured observatory
could be one way to meet this challenge. The main tasks
of such an observatory would be the formulation, coordi-
nation and implementation of marine planning policies.
The utilization of state-of-the-art technological tools could
significantly aid maritime spatial planning and manage-
ment and the monitoring of any actions specified in the
plan. The proposed observatory could also: (1) create a
database/repository of geospatial information, (2) calcu-
late relative indicators that would be used to monitor the
implementation of marine spatial plans, and (3) collect,
manage and organize various types of socioeconomic data
concerning the NMSF and MSPs.

Impacts on the marine ecosystem, especially those
caused by human activities, should be assessed via MSPs,
and the resulting impact data should be fed back to spa-
tial planning at a local level. Although the case study
performed in this work had limitations regarding data
availability and variety (as described in the previous sec-
tion), it still demonstrated that the proposed LSP actions
had quantifiable and differential impacts on coastal and
marine ecosystems. The analysis performed also revealed
that currently available tools, techniques and methods
could significantly facilitate coastal and onshore planning
initiatives. Moreover, it was concluded that human sea
activities/anthropogenic pressures require an integrated
coastal planning and management approach. A quantitative
approach such as that proposed in this paper could pro-
vide the planners involved in delivering MSPs and LSPs
with solid planning scenarios by quantifying the pressures
caused by onshore and offshore land uses. Moreover, it
could be used to monitor the implementation of the poli-
cies developed and provide feedback. This kind of support
is needed not only to form and implement the planning
policies but also by all stakeholders involved in spatial

planning, who can take it into account when forming their
ideas, beliefs and priorities.

Taking both the theoretical analysis and case study into
consideration, the main tasks that must be incorporated into
the spatial planning system in Greece in order to enhance
maritime spatial planning are:

¢ Dynamic investigation of land—sea interactions

e The clarification of terms, conditions and principles that
can be employed to formulate alternative models which
can be applied to effectively organize the offshore spatial
planning system in Greece

e The codification of the key predictions of all of the spa-
tial plans at the national and regional levels, the spatial
impacts of important national sectoral policies (shipping,
transport, etc.) and wider legislation (protected areas,
etc.)

e The identification of the key competencies and manage-
ment responsibilities of each administrative level

e The preparation of alternative scenarios based on the
links between MSPs, the ICZM and existing plans
(regional spatial plans, special spatial plans, LSPs, etc.)

e The utilization of qualitative methods and techniques
such as cumulative impact assessment (applied as in this
case study, for example) as valuable tools for marine spa-
tial planning based on an ecosystem approach, especially
for coastal areas.

A useful framework for addressing the above issues is
the spatial governance approach, which aspires to enhance
the traditional spatial planning system (Wassenhoven et al.
2010; Kyvelou 2010). Spatial governance refers to an alter-
native model of collective space management that is an aid
to decision-making in complex systems where there are
extreme competing interests of actors. Stakeholder equal-
ity and participation, wide consultation, and bottom-up
policy-making are among its main features. This approach
can operate vertically (encompassing different administra-
tive levels) as well as horizontally (incorporating different
actors). Moreover, it can be used as a framework for coor-
dinating sectoral policies with a spatial dimension, such
as transport, the environment and tourism (Wassenhoven
et al. 2010). Spatial governance has been used to promote
policies such as macro-regional strategies (Zachari and
Asprogerakas 2012), and it is a key policy tool for pro-
moting territorial cohesion in Europe (Asprogerakas and
Zachari 2019). It should be underlined, however, that the
formulation of effective horizontal coordination policies to
integrate actions and measures that impact on sea areas is
a challenging task for Greece, since it lacks the principles
required to achieve synergies (Asprogerakas and Zachari
2012).
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A model of spatial governance that can ensure comple-
mentarity between maritime and onshore spatial planning
in Greece is necessary. This model should (1) be based
on a transparent decision-making process, (2) define clear
objectives, (3) ensure rapid implementation procedures, (4)
establish the tools, mechanisms and methodologies required
to obtain, manage and analyze the data needed to ensure
that the policies introduced are objective, and (5) introduce
a solid monitoring system that will ensure the continuous
monitoring of the policies implemented. Policy incompat-
ibilities, for instance between blue growth priorities and
the ecosystem approach, should also be addressed in this
scheme.

The analysis performed in the present work also revealed
that the collection, organization, management and presenta-
tion of geospatial data relating to the marine environment
play a key role in the formulation, implementation and moni-
toring of effective maritime spatial planning policies (see
also Lazoglou 2018). Although various tools for mapping,
modelling and evaluating ecosystem services are available,
they are not currently used in the decision-making process
of LSPs. Research in this direction will lead to the formu-
lation of a spatial governance model that allows onshore
and offshore spatial planning policies to be combined. We
can therefore conclude that an evidence-based policy to cre-
ate a solid and effective set of shared onshore and offshore
spatial planning policies that can overcome the deficiencies
in current spatial plans is required in Greece. The cumula-
tive impact score index approach described in this paper
could be a useful interdisciplinary tool in this context, as
it can account for the complexity and requirements of the
spatial planning process for coastal and marine areas. Fur-
ther, policies should be proposed to ensure (1) the horizontal
coordination of various policy areas and interests and (2)
vertical coordination between and the cooperation of actors
at different levels while also emphasizing bottom-up policy
preparation. The above framework would also allow the
Greek spatial planning system to incorporate trends flagged
up by data analysis concerning legal issues, participatory
decision-making processes and natural environmental pro-
tection measures.
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