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a  b  s  t r  a  c  t

Maritime  Spatial  Planning  (MSP)  needs  to incorporate  spatial  information  on  human  impacts.  As human
activities  and  uses  increase  in  marine  and  coastal  waters  around  the world,  pressures  in ecosystems
are  also  increasing,  leading  to multiple  adverse  effects  on different  species  and  habitats.  The  European
Directive  on  MSP  aims to  achieve  an  integrated  approach  to marine  governance,  whilst  securing  and
maintaining  the  healthy  status  of  marine  and  coastal  waters,  in  accordance  with  the Marine  Strategy
Framework  Directive.  The  latter  requires  Member  States  to  develop  assessments  not  only  on  pressures
and  impacts,  but also  on  the state  of the marine  environment  and  then  take  measures  towards  reaching
a Good  Environmental  Status  by  2020.

The Portuguese  Maritime  Spatial  Plan  – Plano  de  Ordenamento  do  Espaç o  Marítimo  (POEM)  was
developed  between  2009  and  2012.  In 2014  a  law  establishing  the  Basis  for the  Spatial  Planning  and
Management  of the  National  Maritime  Space  was  enacted  and  in  2015  the  framework  for  the  elaboration
of  a  new  national  Maritime  Spatial  Plan,  named  Situation  Plan,  was  established.  Portugal  will  face,  in  the
next  five  years,  the  challenge  of  planning  and managing  its marine  space,  whilst  promoting  its  sustainable
use  and  protection.

This  study  adapted  a cumulative  effects  assessment  model  to understand  how  the  impacts  from  mul-
tiple  threats  affect the  marine  and  coastal  ecosystems  and, how  this  information  can  be  used to  improve
the  management  process.  Information  was  gathered  on  intensity  and  distribution  of activities  and  uses
for  the  Portuguese  continental  subdivision  marine  area,  quantified  and  mapped  their  cumulative  impacts
in  marine  ecosystems,  and  overlapped  with  the  POEM.  Results  show  that  impacts  are  spreading  from  the
coast  up  to  the Contiguous  Zone.  Higher  scores  appear  in  Transitional  and  Coastal  Waters  in the  north
(Viana  do  Castelo/Figueira  da Foz),  centre  (Peniche/Setúbal)  and  south  (Lagos/Faro).  In some  areas  with
higher ranks,  statutes  of nature  conservation  are  already  in  place,  but potential  activities  may  still  occur
on  top  of existing  ones.  This  study  shows  that  the  adapted  model  is  a helpful  tool  to  clarify  ocean  planning,
identify  areas  of  potential  conflicts  among  users  and  support  the  decision  making  process.

©  2016  Elsevier  Ltd. All  rights  reserved.

1. Introduction

Human activities and uses cause multiple pressures on ecosys-
tems. These pressures may  produce multiple adverse effects, which
can have various degrees on different species and habitats and, can
act cumulatively (MEA, 2005). By definition, we  are considering
cumulative effects (the terms impacts and effects are used inter-
changeably) as a result from the incremental, accumulating, and/or
interacting impacts of an activity or uses and its stressors on habi-
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tats (Judd et al., 2015; Korpinen et al., 2012; WWF,  2014). Marine
management approaches used to be rather sectoral and focused on
conflicts among multiple activities and uses. Nowadays, however,
the emphasis is shifting towards an ecosystem approach to sus-
tainable management of natural resources (Douvere et al., 2007;
Stelzenmüller et al., 2008). In 2007, the European policy initiated
a new approach to marine management focused on the Integrated
Maritime Policy (EU, 2007) and through Maritime Spatial Planning
(MSP). In 2014, the Maritime Spatial Planning Directive (MSPD)
(EU, 2014) was created and prior to that, in 2002 the Recom-
mendation on Integrated Coastal Zone Management (EC, 2002)
was established. The Marine Strategy Framework Directive (MSFD)
(EU, 2008) focused in securing and maintaining the healthy sta-
tus of marine and coastal waters, requiring Member States to make
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assessments not only on pressures and impacts but also on the state
of the marine environment and then take measures towards reach-
ing a Good Environmental Status by 2020. With the MSPD, Member
States must implement maritime plans to ensure that human activ-
ities are developed within an Ecosystem Based Management (EBM)
approach and taking into account the carrying capacity of the
ecosystem. The MSPD asserts the need to assess environmental
effects of spatial plans in accordance with the Strategic Environ-
mental Assessment (SEA) Directive 2001/42/EC and, in Natura 2000
sites, the assessment can be combined with the requirements of
Directive 92/437EEC (EEC, 1992).

The Portuguese maritime space occupies a unique strategic posi-
tion facing the Atlantic Ocean, with a vast potential in natural
resources and heritage. This urges the country to meet the chal-
lenges of promoting and developing a maritime economy, in line
with the strategic framework developed at the European and global
level. In 2008, a task force was created by Ruling 32277/2008
December, 18, to develop the first Portuguese approach to MSP,
named Plano de Ordenamento do Espaç o Marítimo (POEM). The
project was carried out for the entire Portuguese mainland exclu-
sive economic zone by a multidisciplinary team (Calado et al.,
2010). It included a spatial characterization and diagnosis of the
marine resources, activities and uses and the potential future
activities for a mid  to long term assessment. It also produced a
preliminary plan proposal, which included the allocation of space
to different uses (POEM’s ‘spatialization’), management guide-
lines, an action program and a monitoring program (Frazão Santos
et al., 2014). The POEM was subject to public consultation in 2010
and, in 2012 was  published (Ruling 14449/2012) without being
legally binding or enforceable, but useful as an exercise for fur-
ther developing the new Portuguese legal framework for MSP
(Becker-Weinberg, 2015; Ferreira et al., 2015a). In April 2014, a law
establishing the Basis for the Spatial Planning and Management of
the National Maritime Space (LBOGEM, Law 17/2014) was enacted
and in March 2015 a Decree-Law was published, introducing the
implementation aspects of the LBOGEM (Decree-Law 38/2015). The
Decree-Law defines two sets of MSP  instruments; the situation plan
and the allocation plan. The situation plan identifies the distribu-
tion of the existing and potential uses and activities. According to
the Decree-Law, this plan may  or may  not be subject to SEA. The
allocation plans intend to allocate space to new uses and activities
that are not included in the situation plan, and they are subject
to Environmental Impact Assessment (EIA). However, Portuguese
legislation is not specifically designed for carrying out EIA in the
marine environment (Ferreira et al., 2015a; Frazão Santos et al.,
2015). Throughout this scenery, Portugal now appears to be facing
the challenge of planning, managing and enforcing a huge maritime
area, whilst having to promote a sustainable use and protection of
its marine waters by 2020 (Ferreira et al., 2015b).

The development of spatial plans in the maritime space requires
information, not only on present and potential activities, uses and
its pressures, but also on current impacts, that can effectively
inform marine policy over the upcoming years (Halpern et al., 2009;
Kelly et al., 2014; Parravicini et al., 2012). The analysis of human
activities, uses and related pressures can indicate how many and
how often human threats occur simultaneously in marine environ-
ments (Ban et al., 2010; Crain et al., 2009; Halpern et al., 2009).
Attempts have been made to address cumulative impacts and how
to use this information in marine management (Ban et al., 2010;
Batista et al., 2014; Halpern et al., 2009; Henriques et al., 2014;
Judd et al., 2015; Kelly et al., 2014; Korpinen et al., 2012). It is nec-
essary to understand the relationships between multiple human
activities, the ecosystems and their health status within the terri-
tory and at the appropriate scale. The spatial visualization of these
issues have an important role to play on planning and environmen-
tal management (Stelzenmüller et al., 2013).

The aim of this study is to adapt a model for cumulative impacts
(hereafter Cumulative Impacts Model-CIM) for the Portuguese mar-
itime space and analyse to which extent such models can be used
to effectively aid its spatial planning. We  used the methodology
applied by Halpern et al. (2008) to assess the cumulative effects of
human activities and uses in the sea. This method takes into account
the pressures and their impacts on specific ecosystems using expert
judgment for each pressure and ecosystem. Afterwards, the result-
ing index scores of cumulative impacts are overlapped with the
synthesis maps of the POEM showing the distribution of existing
and potential activities and uses and within the POEM’s ‘spatializa-
tion’ (hereafter called MSP  Proposal).

2. Material and methods

2.1. The study area

Portugal has a large marine jurisdiction of 1.720.560 km2, which
corresponds to 18 times its terrestrial area. In Fig. 1, the maritime
space was  divided into Transitional and Coastal Waters, as defined
in the Water Framework Directive (WFD) (EU, 2000). It was  also
classified as Territorial Sea (TS), Contiguous Zone (CZ) and Eco-
nomic Exclusive Zone (EEZ), as defined by UNCLOS (UN, 1982).
The Portuguese continental coast is mostly sandy shore, prone
to erosion, with some rocky and cliffed stretches. The wave cli-
mate is highly energetic with wave direction frequently between
West and Northwest. The continental platform is quite narrow,
extending from 5 km to 80 km.  It has a regular soft relief with
prominent canyon features, such as Nazaré, Cascais and Setúbal-
Lisbon (Lastras et al., 2009). About 75% of the population lives on
the coast and, by 2010, ocean economy represented directly around
2,5% of the gross added value and 2,3% of national employment
(MAM/DGPM, 2014). Larger cities of the country are located in river
mouths and hold important ports connected to the whole of the
Atlantic basin and are part of important highways of the sea con-
necting to Europe. Most relevant activities supporting sea economy
nowadays are tourism, shipbuilding, fisheries and related industry,
marine infrastructures and transports. Potential activities of living
and non-living resource extraction are expected to increase in the
coming years (MAMAOT, 2012).

2.2. Compatibilities between activities, uses and nature
conservation

During the development of the POEM an analysis was carried out
of the likely interactions between a range of marine uses, activities
and functions. Within the scope of this study POEM was reviewed
in order to identify and analyse the individual interactions between
the different uses and activities with the marine environment. This
included an examination of compatibilities and necessary restric-
tions with important marine species, habitats and protected areas
that were appearing in the Portuguese continental subdivision.

2.3. Cumulative impacts model

The CIM adapted the overall methodology used in other works
(Ban and Alder, 2008; Halpern et al., 2008; Korpinen et al., 2012;
Micheli et al., 2013b). A Geographic Information System (GIS)
software was used for data analysis (ESRI, ArcGIS 10.2 Desktop)
with the Spatial Analyst extension and the spatial reference sys-
tem adopted was  the European Terrestrial Reference System 1989
(ETRS89) with Transverse Mercator Projection (PT-TM06). For each
anthropogenic driver and each ecosystem, information was  col-
lected on their distribution and their related spatial data. Data from
activities and uses was  adapted as a proxy to define anthropogenic
drivers. Each activity, use and ecosystem dataset was converted
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