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ABSTRACT
The high energy demand and the threat of climate change
have led to a remarkable development of renewable energies,
initially through technologies applied to the terrestrial
environment and, recently, through the awakening of marine
renewable energies. However, the development of these types
of projects is often hampered by failure to pass the
corresponding environmental impact assessment process.
The complexity of working in the marine environment and
the uncertainties associated with assessing the impacts of such
projects make it difficult to carry out objective and precise
environmental impact assessments.
AMBEMAR-DSS seeks to establish a basis for
understanding and agreement between the different
stakeholders (project developers, public administrations,
environmental organizations and the public in general), in order
to find solutions that allow the development of marine
renewable energies, minimizing their environmental cost. For
this purpose, a DSS is proposed which, based on cartographic
information and using objective and quantifiable criteria,
allows comparative assessments and analyses between different
project alternatives. The analytical procedures used by the
system include, among others, hydrodynamic modeling tools
and visual impact simulators. In addition, impacts on marine
species are assessed taking into account intrinsic ecological and

* Address all correspondence to this author: guindax@unican.es

Agustín Monteoliva
Ecohydros, S.L
Maliaño, Spain

biological aspects. The magnitude of the impacts is quantified
by means of fuzzy logic operations and the integration of all
the elements is carried out by an interactive multi-criteria
analysis. The results are shown in tables, graphs and figures of
easy interpretation and can be also visualized geographically by
means of a cartographic viewer.
The system identifies the main impacts generated in the
different phases of the project and allows establishing adequate
mitigation measures in search of optimized solutions. The
establishment of the assessment criteria has been based on the
abundant, but dispersed, scientific literature on the various
elements of the system and having the opinion of experts in the
various fields. Nevertheless, the DSS developed constitutes a
preliminary basis on which to build and improve a system with
the input of researchers, promoters and experts from different
disciplines.
Keywords
Environmental Impact Assessment, Marine Renewable Energy,
Decision Support System, Geographic Information Systems.
INTRODUCTION
The Environmental Impact Assessment (EIA) is a
necessary process for the assessment of projects whose
execution can produce significant impacts on the environment.
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Since its inception in the United States during the 70s (NEPA,
January 1, 1970), the EIA has spread around the world,
evolving and developing new methodologies and procedures
(e.g. see a full review and classification made by Conesa,
2009). The EIA was initially applied to land projects and
progressively extended to the marine environment, initially
applied to oil and gas industry projects (Budd, 1999, Glasson et
al., 1994). With the boom of the marine renewable energies
(MREs) a new stage was started. The necessary requirements
for their implementation have led to a growing interest in the
possible impacts produced by these types of facilities on the
different elements of the system (e.g. Frid et al., 2012; GMI,
2010a; Hiscock et al., 2002; Huddleston et al., 2010). Thus, the
precise knowledge of these interactions is a fundamental
element for the decision making about the feasibility of their
development.
However, the high costs and difficulties of working in the
marine environment make the available knowledge about it
limited, which produces high uncertainties. Thus, the
knowledge gaps relating the environmental factors and their
responses to the different actions of the projects, can lead to
assessments with a high degree of subjectivity. This
subjectivity can make the acceptance or rejection of the
projects more dependent on the social or political responses
(e.g. Bell et al., 2005), than on their real impacts or benefits.
Recently, the development of new techniques for
prospecting the marine environment and the advance in
scientific knowledge have contributed to notably reduce the
uncertainties associated with the development of MERs. In
parallel, there has also been a great development in specific
software applications, which has allowed a qualitative leap in
the possibilities of executing complex calculations and making
quicker and more accurate assessments. In this sense, the
numerical modeling tools, such as the hydromorphodynamic
model Delft3D (Roelvink et al., 1994), has allowed analyzing
the hydrodynamic and sedimentary transport impacts produced
as a consequence of the alteration of wave and current regimes
(García-Alba et al., 2017). Current programs, such as Moyses
(Manchado et al. 2013) or MarRojo, allow to evaluate the
visual impacts produced by the presence of the devices in the
environment and the consequent alteration of the landscape
quality according to human perception. Potential habitat
models, such as MAXENT (Phillips, et al., 2006; 2017), ENFA
(Hirzel et al., 2002), SDM (Naimi & Araujo, 2016) or
BIOMOD (Thuiller et al., 2009), allow mapping of virtual
habitats and predicting the possible presence of certain species
depending on the physical characteristics of the environment,
thus reducing the marine surveys costs.
The advance of information technologies has led to the
development of different types of EIA applications, in most
cases focused on the evaluation of terrestrial projects, such as
EIA09 (Cruz et al., 2009), TDEIA (Duarte, 2000) or ENVIGO
(Eon +)). One of the more recent applications is “TheNewEIS”
of Royal HaskoningDHV, which incorporates visual and
interactive procedures for the EIA of marine projects. Finally,

the use of Geographic Information Systems (GIS) for decision
making on MREs has been applied by Aguilar (2013). Related
to these applications, the use of Decision Support Tools for
marine spatial planning has been thoroughly reviewed by
Pinarbasi et al., (2017).
Therefore, it could be said that there is a growing need to
carry out environmental impact studies applicable to marine
projects. These studies should contemplate the complex
interactions existing in this medium and evaluate the possible
consequences of executing the projects. The improvement of
scientific knowledge and the availability of computer programs
with innumerable applications give us the opportunity to
develop EIA tools capable of integrating the different elements
of the system and of carrying out accurate, objective and
standardized assessments, quickly and efficiently. Therefore,
the objective of this paper is to present the AMBEMAR
Decision Support System for the EIA of MREs, as well as the
results of its application to a proposed offshore wind farm.
METHODOLOGY
Description of the AMBEMAR system
AMBEMAR is a Decision Support System (DSS) based
on Geographic Information Systems and designed for the
environmental impact assessment of marine renewable energy
projects. It is a QGIS plugin, developed in Python, with a user
interface designed in Qt.
The application structure of the DSS is carried out
following the general guidelines of the environmental impact
studies. The first step is to define the characteristics of the
project and its alternatives. Then, the actions and effects that
occur during the different phases of the project
(preconstruction,
construction,
operation
and
decommissioning), as well as the environmental factors that
could be affected, are defined. The interaction between these
two elements are used to generate an impact matrix (see Figure
4 in the results). In this version of the DSS, only the most
significant impacts of MREs have been included in the matrix.
The different interactions of the matrix are codified
individually to assess their impacts. Valuations are made in
objective and quantitative terms, applying Boolean or fuzzy
logic criteria. The rating scale is standardized and restricted to a
range of continuous values between +1 (very positive impacts)
and -1 (very negative impacts). The valuation procedures are
carried out by crossing GIS layers of project effects and
environmental factors. All the assessment procedures and
criteria applied in AMBEMAR-DSS are described in detail in
the complementary information document included in the
AMBEMAR web page (http://ambemar.ihcantabria.es).
The results of the impact assessments obtained at each
element of the matrix are classified into 5 categories according
to the following scale of values; positive impact (for values
between +1 and 0), compatible (between 0 and -0.2), moderate
(between -0.2 and -0.6), severe (between -0.6 and -0.8) and
critical (between -0.8 and -1). The final evaluation of the
project is carried out through four different procedures. The
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first one consists in the application of the “worst case” criteria
and its value will correspond to that obtained by the element
with the lowest score. The next two procedures result from the
averaging, separately, the impacts corresponding to the 3 worst
impact values of the environmental and socioeconomic factors,
respectively. The last procedure consists on the averaging of
the two previous results and would represent the global impact
of the project. In the event that the proposed project presents,
globally or punctually, any significant negative impact
(moderate, severe or critical), mitigation measures should be
adopted.
In order to analyze the confidence level of the
assessments, the system includes a simple method to estimate
the uncertainty. The procedure is based on the quantity and
quality of the information used in the evaluation. To assess the
quantity factor, the percentage of items covered in the
evaluation is estimated. To assess the quality factor, the
reliability of the information used in the analysis is considered.
Thus, the use of official information and legally established
criteria are given a value of 1. While the use of unofficial layers
of information and subjective criteria are given a minimum
value of 0.6. As an intermediate point, if the assessments are
made using technical information and criteria established by
prestigious institutions, the quality value given is 0.8. Then, the
global quality factor is obtained by averaging the values
corresponding to all the elements of the matrix. Finally, the
overall confidence level of the assessment is obtained through
the product of the values obtained in the quantity and the
quality factors.

information layers have also been generated following different
procedures, such as visual impact modeling or scouring
calculations, both aspects dealt with specifically in the
subsequent sections of this document. Figure 1 shows the
location of the proposed project alternatives on the Cantabrian
coast, along with various GIS layers of information related to
environmental factors, actions and effects coexisting in the
study area.

Figure 1: Location of the study area with several GIS layers
related to different actions and effects of the project and their
interaction with environmental factors (e.g. location of the
devices, type of substrate, fishing grounds, algal resources,
MPAs, SACs, noise, protected seabird colonies...).

Case study
To test the suitability of the AMBEMAR-DSS, a
simplified case study has been proposed on the coast of the
Cantabrian Sea (North Spain). To this end, two alternative
offshore wind farms, installed at 3 km and 9 km from the coast
respectively, have been evaluated. The first alternative consists
of 5 wind turbines of 5MW each (150 m of total height),
anchored by Gravity Base Foundations (GBFs) at 60 m depth.
The second alternative consists of 5 floating wind turbines of 8
MW each (200 m of total height), moored by a triple anchoring
system at 150 m depth. The selection of this technology is due
to the fact that it produces high impacts on certain elements
(e.g. visual and seabirds). In addition, the park has been
designed in an area with several environmental constraints (e.g.
fishing grounds, marine protected areas, colonies of protected
birds, shipping routes, macroalgae exploitation zones, special
areas of conservation, densely populated areas and important
leisure and tourism zones).
The GIS layers of environmental factors have been
obtained mainly from official sources, such as the Spanish
Government or the regional government of Cantabria, as well
as from diverse free access sources, such as the data repository
from Halpern et al., (2008) or technical reports from
specialized organizations (e.g. seabird colonies from
SEO/Birdlife, 2016; Álvarez and Velando, 2007). Additional

Visual impact module
MarRojo visual impact module included in AMBEMARDSS allows to characterize the visual effects generated by
marine renewable infrastructures and assess theirs impact
magnitude in a quantitative and standardized way. This is done
by means of quantitative indicators based on parameters such
as the visual affected area or length, the affected population or
the vision angle among others. Scientific literature includes
several types of indicators based on visibility, distance,
population, horizontal and vertical sight angle, visual acuity,
contrast, etc. (Manchado et al., 2013, 2015; Depellegrin, 2016;
Tsoutsos et al., 2015; Bishop and Miller, 2007; Kokologos et
al., 2014; Wrozynbski et al., 2016). AMBEMAR-DSS includes
two main indicators: the SPM2, composed by several partial
indicators as mentioned in the Spanish Method (Manchado et
al., 2015) and the MVE (Magnitude of Visual Effects) (Otero et
al., 2012) explicitly mentioned in the regional legislation of
Cantabria (Gobierno de Cantabria, 2014).
The assessment starts with the definition of the study area
and the generation of a node grid (WT grid) equally distributed
along the marine domain. The WT grid shapes the set of points
for the calculation. The input data used to perform the
calculation includes a digital terrain model (DTM), view shed
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for each node, population nuclei, roads, heritage or
archaeological elements, protected zones, natural parks,
vantage points, landscape itineraries, etc. All of them
represented by means of GIS layers. Also, it is necessary to
determine a set of adjustment parameters directly involved in
the calculation, as the number of turbines for the proposed
wind farm, device height, WT grid density, presence of
vegetation and the indicators to be generated.
The first result provided by MarRojo consist on the values
of the specified indicators for each node of the WT grid, thus
obtaining a preliminary discrete assessment of the visual
impact. Then, different interpolation techniques are applied in
order to characterize the complete maritime domain in a
continuous way (Figure 2). Thus, it is possible to assess the
visual impact produced by the wind farm in any point of the
domain. The result is transferred to the impact matrix,
estimating in an standardized and objective way the visual
impacts of different project alternatives.

(Cid et al., 2014), 50th percentile of the swell in the study area
(Perez et al., 2017), bathymetry, granulometry, sediment
density and grain size disposal on the study site. The
application of this module provides for each case study the
affection on the seabed in plant (surface) and profile (depth of
sediment) (Figure 3). This condition is standardized using
transformation functions that quantify the impact on a scale
from 0 (no impact) to -0.5 (maximum impact value considered
for this factor) based on the values of the affected area and
profile. The hydrodynamic impact value for each structure is
incorporated into the AMBEMAR-DSS impact matrix and the
cartographic layer of the scouring area is then used to assess
the impact on benthic communities.

Figure 3. Result of the worst scouring case scenary,
corresponding to a GBF located at 30 m depth in an area with
predominance of fine and very fine sands.
RESULTS
The results of the Environmental Impact Assessments
carried out for the GBF alternative are shown in Figure 4.

Figure 2. Standardized assessment of the visual impact of the
project, regarding the affected area indicator for population
nuclei indicator, in the maritime domain evaluated. Wind
turbines are represented by rectangles.
Hydrodynamic impact module
Similar to the visual impact module, AMBEMAR-DSS
incorporates a specific module for the assessment of the
hydrodynamic impact. The module allows studying the
scouring processes produced by infrastructures in the seabed
and evaluates the magnitude of this impact in quantitative,
objective and standardized terms.
Based on the work carried out by García-Alba et al.
(2017), the hydrodynamic impact module allows quantifying
the impact produced by different types of mooring structures
(monopile, GBF, jacket, floating) on the seabed using a
machine learning system (Bárcena et al., 2015). This system is
powered by a set data obtained by numerical modelling using
the hydromorphodynamic model Delft3D (Roelvink et al.,
1994).
These aforementioned previous simulations have been
chosen by the combination of tidal conditions and average
currents in the study area obtained from the IH-Data database

Figure 4. Results of the Environmental Impact Assessment
corresponding to the GBF alternative of the project. The Impact
Matrix reflects the elements evaluated (Actions-Effects vs.
Factors interactions) and the colors correspond to the different
impact categories (Black: Critical, Red: Severe, Yellow:
Moderate, Green: Compatible, Blue: Positive). N/D: Not Data
for that element.
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correction factors that take into account habits related to
different species, such as the main migratory routes, the height
of flight or the dispersion ranges of the colonies (Atienza et al.,
2011; Mateos-Rodríguez et al., 2012; GMI, 2010b). In this
sense, Garthe and Hüppop (2004) developed a species-specific
sensitivity index based on their vulnerability to wind farms.
The impacts on marine mammals, mainly associated with
noise levels (GMI, 2010c, Reeves, 1992, Thomsen et al., 2006)
or collisions (Laist et al., 2001), constitute also key aspects in
the impact assessments of MRE projects. In order to assess
these impacts accurately, it is necessary to have detailed
information on the distribution and behavior of the different
species, as well as on the acoustic levels that produce
alterations or damage to them (Nedwell and Howell, 2004;
Nedwell et al., 2004, 2007). However, despite the numerous
initiatives and agreements that express the need to regulate the
impact of underwater noise (e.g. ACCOBAMS, ASCOBANS,
OSPAR, etc) there are few works trying to fill this gap (e.g.
Anderson et al., 2017). Another source of uncertainty is the
lack of information regarding the distribution of marine
mammals in the area. In this sense, although the Bay of Biscay
is an area with a high presence of cetaceans (Castro et al.,
2004, Kiszka et al., 2007), there is no precise information
available about their distribution and abundance patterns. As a
result, the presence criteria applied has been very conservative,
considering the presence of cetaceans at a distance of 750 m in
order to apply the criteria established in Anderson et al.,
(2017). On the other hand, noise levels also affect fish and sea
turtles, although studies related to these organisms are much
scarcer (e.g. Popper et al., 2014; Viada et al., 2008). In this
case, the absence of pile driving, dredging, drilling or other
type of noisy actions has resulted in low impact values for this
element. Otherwise, the establishment of mitigation measures
aimed at avoiding or minimizing noise impacts would have
been required. Among the main preventive measures to adopt,
there would be; (i) the programming of activities avoiding
sensitive areas and periods, (ii) the establishment of exclusion
zones (or "safety zones") around the emission source, (iii) the
cessation of activity if the presence of animals is detected and
(iv) the implementation of operational procedures like ramp-up
at the start of the activity (Anderson et al., 2017; Weir and
Dolman, 2007). Additionally, it is also possible to apply
engineering solutions, such as bubble curtains, isolation casings
or cofferdams, for the reduction of noise levels in the vicinity
of the emission source (Würsig et al., 2000; Nehls et al., 2007;
Thomsen, 2012), or the use of acoustic deterrent devices to
keep animals away (Gordon et al., 2007).
It is widely accepted that the generation of electromagnetic
fields (EMF) are among the major environmental issues related
to the deployment of marine renewable energy devices (GMI,
2010a). However, despite the great attention given to this
subject, there are few studies assessing the real magnitude of
the EMF impacts based on empirical data (e.g. see review by
Fisher and Slater, 2010). In general, the studies carried out in
this sense have not shown significant impacts of EMF within

As it can be seen, the impact of rotor blades on seabirds
during the operation phase constitutes the most significant
negative impact of the GBF alternative (-1; critical impact).
This impact is lower in the floating alternative, which obtains
an impact value of -0.77 (severe impact) for this element.
Similarly, the visual impact of the GBF alternative is notably
higher (-0.74) than that of the floating alternative (-0.55). In
both cases, the shorter distance to the coast of the GBF
alternative (3100 m vs. 8900 m of the floating alternative) has a
great influence in the results obtained due to the proximity to
seabird colonies and population.
The hydrodynamic and scouring effects produced around
the structures have given a moderate impact for the GBF
alternative (-0.28 value) and a compatible impact for the
floating one (-0.024 value). In this case, the distance to the
coast influences indirectly in the obtained results because the
higher depth of the floating alternative reduces the scouring
effect. Additionally, the larger surface of the GBF mooring
constitutes an important factor in the high scouring produced
by this alternative.
Another factor affected by the project alternatives is that
corresponding to the leisure and tourism. The marine
occupation by the windfarm prevents the access to the
restricted area, thus limiting the marine space available for its
use. In this sense, the proximity to important marinas near the
project area has produced slight impacts in both alternatives. In
this case, the higher restricted area of the floating windfarm
produces a higher impact (-0.121) than the GBF windfarm (0.101).
Globally, the floating alternative has obtained a smaller
impact value (-0.244) than the GBF alternative (-0.354), but
both of them are classified as moderate. In addition, both
alternatives show severe or critical impacts as worst cases,
therefore, both of them should be modified by the adoption of
mitigation measures in order to reduce those impacts. In both
alternatives the environmental factors have obtained higher
impact values than the socioeconomic factors.
The uncertainty analysis has given a global confidence level
of 66.4%. This result, corresponding to a 88% of items
assessed with a quality factor of 0.755 on average, represents a
high degree of uncertainty in the global EIA process.
DISCUSSION
In this work the usefulness of AMBEMAR DSS has been
shown through the application to an offshore wind case study.
Despite being an initial version, the DSS has allowed to assess
quantitatively and objectively the main impacts of MRE
projects.
In view of the results obtained, the impacts on seabirds
constituted the most limiting element in the case study. The
presence of protected seabird colonies (Hydrobates pelagicus
and Phalacrocorax aristotelis) near the project areas has been
the main cause of this impact. In this sense, the accuracy of the
assessment could be further improved by introducing
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the range of submerged power cables (e.g. Kavet et al., 2016;
Woodruff et al., 2013; Bergström et al., 2014). Moreover, the
extent and effects of EMF could be reasonably mitigated by
adequate cable design (BERR, 2008), which allows reducing
the potential impact of this factor.
According to several authors, alterations to hydrodynamic
and sedimentary regimes produced by MRE devices could
extent at distances of kilometers away from the arrays (Neill et
al. 2009, 2012; Rees et al., 2006). The hydrodynamic impact
module included in AMBEMAR-DSS has allowed to estimate,
in a fast, precise and effective way, the scouring produced by
different types of devices under different environmental
conditions. The results obtained in the present study suggest
that the affection produced by this phenomenon on the seabed
is limited to a few tens of meters in the worst case considered.
Although the importance of this impact may seem trivial, the
need to assess the scouring acquires a crucial importance in
those areas where protected or commercially important habitats
and species may be affected (Miller et al., 2013). In addition to
the scouring, the occupation of the seabed by the structures and
the abrasive effects of the dragging by catenaries and seafloor
wiring also cause impacts on benthic communities Krivtsov
and Linfoot (2012). The installation of submarine wiring would
produce additional spatial alterations (BERR, 2008). On the
other hand, the presence of the structures would act as artificial
reefs, contributing with both positive (e.g. creation of new
habitats) and negative (e.g. dispersion of invasive species)
impacts to marine ecosystems (Langhamer, 12, Langhamer et
al., 2009).
The visual impacts are among the main concerns of wind
energy. The decrease in visual quality and the consequent
perception of loss of property value (among other aspects),
generate opposition on part of the society (Bell et al., 2005,
Rand and Hoen, 2017, Abbott, 2010). This rejection has
sometimes been described as the "not in my backyard"
(NIMBY) syndrome. However, the NIMBY concept has been
discredited as simplistic, pejorative and unhelpful to find
solutions, adding that efforts should be oriented to propose
attractive strategies instead of overcoming the opposition (Rand
and Hoen, 2017, Petrova, 2013). To deal with this aspect, the
visual impact module included in AMBEMAR DSS has
allowed to obtain an objective and standardized estimation of
the visual impacts produced by MRE developments. The output
of this module is a series of maps that offer the value of
different visual or visibility indicators, extended to the
territorial domain selected by stakeholders. These maps will be
included in the AMBEMAR DSS, whatever the stage of design
in which the system is being used.
Other socioeconomic affections would be associated to the
occupation of the maritime space and the consequent
restrictions of uses in the area. In this sense, the two proposed
alternatives directly affect the exploitation of marine resources,
since they overlap with fishing grounds and with macroalgae
extraction areas. However, the percentage of the area affected
with respect to the total of the region is so low (<0.1%) that the

impact generated is practically negligible. Furthermore, these
restricted areas would act as marine reserves due to fisheries
exclusion, which could suppose, in absolute terms, a positive
impact given their potential for the maintenance of exploited
populations (Bergström et al., 2014; Langhamer, 2012;
Wilhelmsson and Langhamer, 2014).
The use of maritime space for leisure and tourism would be
slightly affected in our case study. In this sense, the use of the
distance and the size of the marinas located near the energy
farm have demonstrated to be effective indicators in order to
assess the impact of the restricted maritime space on users.
Contrary to what it would be expected, the GBF alternative,
which is located closest to the coast (and therefore to the main
marinas) has shown a smaller impact than the floating
alternative. The reason for this apparent inconsistency is
because the GBF windfarm generates a smaller restricted
surface into the area of influence of the same marinas.
Regarding maritime traffic, this study has proposed a useful
procedure to identify, delimit and characterize the shipping
routes present in coastal areas, using the shipping routes raster
layer created by Halpern et al., (2008) as a base. However,
given that the main shipping routes were located outside the
study area, the resulting impact for this element was zero.
Regarding the assessment of the impact on marine and
terrestrial protected areas, it will depend fundamentally on the
uses and activities allowed in their corresponding management
plans. However, in the absence of specific mention in this
regard, it has been established an exclusion criterion for the
development of marine renewable energy farms within the
protected areas. In the event that the activity does not cause
alterations on the conservation objectives of the protected area,
the assessment of the impact is made based on the percentage
of the area affected and its location (zone of influence or
nucleus). This criteria would penalize those activities causing
alterations on the more sensitive zones of the protected areas.
According to the analysis carried by Rand and Hoen (2017),
socioeconomic factors seem to be more relevant than
environmental concerns in the acceptance of wind farms.
Olson-Hazboun et al., (2016) go further and state that framing
of renewable energy as an environmental issue could have
adverse effects in certain contexts. Slattery et al., (2012) found
that when the development of wind energy is based on potential
economic opportunities, even environmentally less concerned
people would support it. In view of these results, it seems
logical to think that, in anthropized environments,
socioeconomic factors should have a greater weight than
environmental ones, while, in natural environments, the
environmental factors should be more relevant. The different
impact assessment procedures included in AMBEMAR-DSS
allow to adapt the assessments to the type of environment and
the social context of the project.
The preliminary nature of the present study is evidenced by
the uncertainties calculation procedure incorporated in the
DSS. The low confidence level obtained in the general
assessment (66.4%), suggest that both, the number of items and
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the quality of their assessment procedures, should be improved.
In this sense, the number of items covered should reach 100%,
since the lack of information should never lead to approve a
project. This method could be further improved by introducing
a weighting factor that assigns different weights to the items
according to their relative importance (e.g. the assessment of
impacts on phytoplankton would be apparently less crucial than
the assessment of seabird impacts in the case of an OWF
located near a protected seabird colony). In any case, this
procedure has allowed to carry out an objective and
quantitative estimate of the confidence level of the assessment
results, providing the application with an effective tool to test
their reliability.

REFERENCES
Abbott, J. A. (2010). The localized and scaled discourse of
conservation for wind power in Kittitas County, Washington.
Society and Natural Resources, 23(10), 969-985.
Aguilar, A., 2013. Sistema de apoyo a la toma de decisión
sobre ArcGIS. MsC Thesis. E.T.S. Ingeniería Informática,
Universidad de Valladolid. 217 pp.
Álvarez, D. y Velando, A. 2007. El cormorán moñudo en
España. Población en 2006-2007 y método de censo.
SEO/BirdLife. Madrid. 82 pp.
Andersson, M.H., Andersson, S., Ahlsén, J., Andersson,
B.L., Hammar, J., Persson, L.K.G., Pihl, J., Sigray, P.,
Wikström, A. 2017. A framework for regulating underwater
noise during pile driving. A technical Vindval report, ISBN
978-91-620-6775-5, Swedish Environmental Protection
Agency, Stockholm, Sweden. 115 pp.
Atienza, J.C., Martín-Fierro, I., Infante, O., Valls, J.,
Domínguez J., 2011. Directrices para la evaluación del impacto
de los parques eólicos en aves y murciélagos (versión 3.0).
SEO/BirdLife, Madrid. 115 pp.
Bárcena, J.F., Camus, P., García, A., Álvarez, C., 2015.
Selecting model scenarios of real hydrodynamic forcings on
mesotidal and macrotidal estuaries influenced by river
discharges using K-means clustering. Environmental Modelling
& Software, 68, 70-82.
Bell, D., Gray, T., Haggett, C., 2005. The ‘Social Gap’ in
Wind Farm Siting Decisions: Explanations and Policy
Responses. Environmental Politics, 14 (4), 460-477.
BERR, 2008. Review of Cabling Techniques and
Environmental Effects Applicable to the Offshore Wind Farm
Industry – Technical Report. UK Department for Business,
Enterprise & Regulatory Reform (BERR). Report by Centre for
Environment Fisheries and Aquaculture Science (CEFAS),
Countryside Council for Wales, English Heritage, Joint Nature
Conservation Committee (JNCC), Natural England, and Royal
Haskoning. 164 pp.
Bergström L., Kautsky, L., Malm, T., Rosenberg, R.,
Wahlberg, M., Capetillo, N.A., Wilhelmsson, D., 2014. Effects
of offshore wind farms on marine wildlife—a generalized
impact assessment. Environmental Research Letters, 9, 034012.
12 pp.
Bishop, I.D., Miller, D., 2007. Visual assessment of offshore wind turbines: The influence of distance, contrast,
movement and social variables. Renewable Energy, 32(5), 814831.
Budd, M., 1999. The application of environmental
assessment to marine developments and activities in Great
Britain. Marine Policy, 23, 439-451.
Castro, R., Uriarte, Ai., Martínez de Murguía, A., Borja, A.,
2004. Biodiversity and conservation of wildlife and natural
habitats. In Oceanography and marine environment of the
Basque Country, Edited by A. Borja and M. Collins. Elsevier
Oceanography Series, 70, 541-547.
Cid, A., Castanedo, S., Abascal, A.J., Menéndez, M.,
Medina, R., 2014. A high resolution hindcast of the

Conclusions
As long as we need to consume energy and natural
resources, there will be impacts on nature. The question is how
to minimize those impacts in order to achieve a sustainable
development. With the threat of climate change on the
doorstep, the world needs low-carbon energy sources, such as
the marine renewable energies. It is undeniable that they
produce impacts on the environment, but they need to be
balanced against their potential to deliver significant amounts
of low carbon energy. If we focus on identifying and
characterizing the impacts in objective and quantifiable terms
(and try to minimize them), this activity can contribute
enormously to reduce the consumption of fossil fuels and the
threat of climate change.
For that, it is essential to establish objective and
standardized criteria to assess the environmental impacts of
MRE developments in a comparable way. This is a hard and
complex work that should be carried out with the effort and the
consensus of researchers, industry promoters, government
bodies, ecologists, social representatives and experts from
different disciplines.
AMBEMAR-DSS seeks to establish a basis for
understanding and agreement between the different
stakeholders, in order to find solutions that allow the
development of marine renewable energies minimizing their
environmental cost. AMBEMAR-DSS provides a quick
overview of the potential impacts of certain marine renewable
energy projects as part of the screening process. The results of
this study do not reflect the real impacts of an existing project,
so they should only be taken as a guide. The study proposes a
methodological approach that should be further improved and
adjusted with the contribution of the different stakeholders.
ACKNOWLEDGMENTS
This work has been carried out with the financial support
of SODERCAN S.A., the Regional Government of Cantabria
and European Regional Development Funds (ERDF), under the
“Programa de apoyo a proyectos de I+D en Cooperación en
Energías Renovables Marinas, I+C=+C 2016”.

7

Copyright © 2018 ASME

meteorological sea level component for Southern Europe: the
GOS dataset. Climate Dynamics, 43(7–8), 2167–21840.
Conesa, V., 2009. Guía metodológica para la evaluación del
impacto ambiental. Ed. Mundi-Prensa, 4ª edición. Madrid. 864
pp.
Cruz, V., Gallego, E., González, L., Garmendia, L.,
Garmendia, A., 2009. Software para la evaluación de impacto
ambiental: EIA09. Departamento de Ingeniería del Software e
Inteligencia Artificial de la Universidad Complutense de
Madrid. Jornadas Internacionales de Didáctica de las
Matemáticas
en
Ingeniería.
287-304.
http://www2.caminos.upm.es/Departamentos/matematicas/Fdist
ancia/MAIC/CONGRESOS/JORNADAS%201/122%20paper_
sw_eia2.pdf
Depellegrin, D. 2016. Assessing cumulative visual impacts
in coastal areas of the Baltic Sea. Ocean & Coastal
Management, 119, 184-198.
De Vos, L., 2008. Optimisation of scour protection design
for monopoles and quantification of wave run-up. PhD thesis.
Universiteit Gent.
Duarte, O.G. 2000. Técnicas Difusas en la Evaluación de
Impacto Ambiental. PhD Thesis. Univesidad de Granada,
España. 246 pp.
Fisher, C., Slater, M., 2010. Effects of Electromagnetic
Field on Marine Species: A Literature Review. On behalf of
Oregon Wave Energy Trust (OWET). 23 pp.
Frid, C., Andonegi, E., Depestele, J., Judd, A., Rihan, D.,
Rogers, S.I., Kenchington, E., 2012. The environmental
interactions of tidal and wave energy generation devices.
Environmental Impact Assessment Review, 32, 133–139.
García-Alba, J., Bárcena, J.F., García, A., Guinda, X.,
Puente, A., Guanche, R., 2017. Analysis of the condition on the
seabed by the placement of GBF structures for the use of the
offshore wind resource. Proceedings of the Spanish Coastal and
Ports Days.
Garthe, S., Huppop, O., 2004. Scaling possible adverse
effects of marine wind farms on seabirds: developing and
applying a vulnerability index. Journal of Applied Ecology 41,
724–734.
Glasson, J., Therivel, R. and Chadwick, A., 1994.
Introduction to Environmental Impact Assessment, UCL Press,
London, 1994.
GMI, 2010a. Ocean/Wind Power Ecological Baseline
Studies. Final report. Volume I: Overview, Summary and
Application. Prepared by Geo-Marine, Inc. for New Jersey
Department of Environmental Protection, Office of Science.
USA. 259 pp.
GMI, 2010b. Ocean/Wind Power Ecological Baseline
Studies. Final report. Volume II: Avian Studies. Prepared by
Geo-Marine, Inc. for New Jersey Department of Environmental
Protection, Office of Science. USA. 2109 pp.
GMI, 2010c. Ocean/Wind Power Ecological Baseline
Studies. Final report. Volume III: Marine Mammal and Sea
Turtle Studies. Prepared by Geo-Marine, Inc. for New Jersey

Department of Environmental Protection, Office of Science.
USA. 218 pp.
Gobierno de Cantabria, 2014. Plan de Sostenibilidad
Energética
de
Cantabria
2014-2020.
http://www.dgicc.cantabria.es/documentos/psec-20142020/PSEC-2014-2020.pdf.
Gordon, J., Thompson, D., Gillespie, D., Lonergan, M.,
Calderan, S., Jaffey, B., Todd, V., 2007. Assessment of the
potential for acoustic deterrents to mitigate the impact on
marine mammals of underwater noise arising from the
construction of offshore windfarms. Commissioned by
COWRIE Ltd (project reference DETER-01-07). 71 pp.
Halpern, B.S., Walbridge, S., Selkoe, K.A., Kappel, C.V.,
Micheli, F., D'Agrosa, C., Bruno, J.F., Casey, K.S., Ebert, C.,
Fox, H.E., Fujita, R., Heinemann, D., Lenihan, H.S., Madin,
E.M., Perry, M.T., Selig, E.R., Spalding, M., Steneck, R.,
Watson, R., 2008. A global map of human impact on marine
ecosystems. Science, 319(5865), 948-952.
Hammar, L., Perry, D., Gullström, M., 2016. Offshore Wind
Power for Marine Conservation. Open Journal of Marine
Science, 6, 66-78.
Hirzel, A.H., Hausser, J., Chessel, D., Perrin, N., 2002.
Ecological-Niche Factor Analysis: How to compute hábitatsuitability maps without absence data?. Ecology, 83(7), 20272036.
Hiscock, K., Tyler-Walters, H. & Jones, H. 2002. High
Level Environmental Screening Study for Offshore Wind Farm
Developments – Marine Habitats and Species Project. Report
from the Marine Biological Association to The Department of
Trade and Industry New & Renewable Energy Programme. 162
pp.
Naimi, B., Araujo, M.B., 2016. sdm: a reproducible and
extensible R platform for species distribution modelling.
Ecography, 39, 1–8.
Huddleston, J. (ed), 2010. Understanding the environmental
impacts of offshore windfarms. COWRIE. 154 pp.
Kavet, R., Wyman, M.T., Klimley, A.P., Vergara, X., 2016.
Assessment of potential impact of electromagnetic fields from
undersea cable on migratory fish behavior. Electric Power
Research Institute (EPRI) for the US Department of Energy and
US Department of the Interior, Bureau of Ocean Energy
Management. 87 pp.
Kiszka, J., Macleod, K., Van Canneyt, O.V., Walker, D.,
Ridoux, V., 2007. Distribution, encounter rates, and habitat
characteristics of toothed cetaceans in the Bay of Biscay and
adjacent waters from platform-of-opportunity data. ICES
Journal of Marine Science, 64 (5), 1033-1043.
Kokologos, D., Tsitoura, I., Kouloumpis, V., Tsoutsos, T.,
2014. Visual impact assessment method for wind parks: A case
study in Crete. Land Use Policy, 39, 110-120.
Krivtsov, V., Linfoot, B., 2012. Disruption to benthic
habitats by moorings of wave energy installations: a modelling
case study and implications for overall ecosystem functioning.
Ecological Modelling, 245, 121-124.

8

Copyright © 2018 ASME

Laist, D.W., A.R. Knowlton, J.G. Mead, A.S. Collet, and M.
Podesta. 2001. Collisions between ships and whales. Marine
Mammal Science 17 (1): 35-75.
Langhamer, O., 2012. Artificial reef effect in relation to
offshore renewable energy conversion: state of the art. Review
article. The Scientific World Journal, Article ID 386713, 8 pp.
doi:10.1100/2012/386713
Langhamer, O., Wilhelmsson, D., Engstrom, J., 2009.
Artificial reef effect and fouling impacts on offshore wave
power foundations and buoys – a pilot study. Estuarine, Coastal
and Marine Science, 82: 426–32.
Manchado, C. Gomez-Jauregui, V., Otero, C., 2015. A
review on the Spanish Method of visual impact assessment of
wind farms: SPM2. Renewable and Sustainable Energy
Reviews, 49, 156-767.
Manchado, C. Otero, C., Gómez-Jáuregui, V., Arias, R.,
Bruschi, V., Cendrero, A., 2013. Visibility analysis and
visibility software for the optimisation of wind farm design.
Renewable Energy, 30, 344-401.
Mateos-Rodríguez, M., Muñoz, A.R., Arroyo, G.M., 2012.
Assessment of offshore wind farm effects on birds and needs to
plan their future development in Spain. Ardeola, 59(2), 217236.
Miller, R.G., Hutchison, Z.L., Macleod, A.K., Burrows,
M.T., Cook, E.J., Last, K.S., Wilson, B., 2013. Marine
renewable energy development: assessing the Benthic Footprint
at multiple scales. Frontiers in Ecology and the Environment,
11: 433–440.
Nedwell, J., Langworthy, J., Howell, D. 2004. Assessment
of sub-sea acoustic noise and vibration from offshore wind
turbines and its impact on marine wildlife; initial measurements
of underwater noise during construction of offshore windfarms,
and comparison with background noise. Subacoustech Report
No. 544 R 0424. Prepared for COWRIE by Subacoustech Ltd.
COWRIE, London.
Nedwell, J.R., Howell, D. 2004. A review of offshore
windfarm related underwater noise sources. Subacoustech
Report No. 544 R 0308. Prepared for COWRIE by
Subacoustech Ltd. COWRIE, London.
Nedwell, J.R., Parvin, S.J., Edwards, B., Workman, R.,
Brooker, A.G., Kynoch, J.E. 2007. Measurement and
interpretation of underwater noise during construction and
operation of offshore windfarms in UK waters. COWRIE
Report NOISE-03-2003. Subacoustech Report No. 544R0738.
Prepared for COWRIE Limited by Subacoustech Ltd.
COWRIE Limited, London.
Nehls, G., Betke, K., Eckelmann, S., Ros. M., 2007.
Assessment and costs of potential engineering solutions for the
mitigation of the impacts of underwater noise arising from the
construction of offshore windfarms. BioConsult SH report,
Husum, Germany. On behalf of COWRIE Ltd. 47 pp.
Neill, S.P., Jordan, J.R., Couch, S.J., 2012. Impact of tidal
energy converter (TEC) arrays on the dynamics of headland
sand banks. Renewable Energy, 37: 387–97.

Neill, S.P., Litt E.J., Couch, S.J., Davies, A.G., 2009. The
impact of tidal stream turbines on large scale sediment
dynamics. Renewable Energy, 34: 2803–12.
Olson-Hazboun, S.K., Krannich, R.S., Robertson, P.G.,
2016. Public views on renewable energy in the Rocky
Mountain region of the United States: distinct attitudes,
exposure, and other key predictors of wind energy. Energy
Research & Social Science, 21, 167-179.
Otero González, C., Manchado del Val, C., Arias, R.,
Bruschi, V., Gómez-Jáuregui V., Cendrero, A., 2012. Wind
energy development in Cantabria, Spain. Methodological
approach, environmental, technological and social issues.
Renewable Energy, 40(1), 137-149.
Pérez, J., Menendez, M., Losada, I.J., 2017. GOW2: A
global wave hindcast for coastal applications. Coastal
Engineering 124C, pp. 1-11
Petrova, M.A., 2013. NIMBYism revisited: public
acceptance of wind energy in the United States. WIREs
Climate Change, 4, 575-601.
Phillips S.J., Anderson, R.P., DudÍk, M., Schapire, R.E.,
Blair, M.E., 2017. Opening the black box: an open-source
release of Maxent. Ecography. doi: [10.1111/ecog.03049]
Phillips S.J., Anderson, R.P., Schapire, R.E., 2006.
Maximum entropy modeling of species geographic
distributions. Ecol Modelling, 190, 231-259
Pinarbasi, K., Galparsoro, I., Borja, A., Stelzenmüller, V.,
Ehler, C.N., Gimpel, A., 2017. Decision support tools in marine
spatial planning: Present applications, gaps and future
perspectives. Marine Policy, 83, 83-91.
Popper, A.N., Hawkins, A.D., Fay, R.R., Mann, D.A.,
Bartol, S., Carlson, T.J., Coombs, S., Ellison, W.T., Gentry,
R.L., Halvorsen, M.B., Løkkeborg, S., Rogers, P.H., Southall,
B.L., Zeddies, D.G., Tavolga, W.N., 2014. Sound exposure
guidelines for fishes and sea turtles: a technical report prepared
by ANSI Accredited Standards Committee S3/SC1 and
registered with ANSI. ASA S3/ SC1.4 TR-2014. Springer and
ASA Press, Cham, Switzerland.
Rand, J., Hoen, B., 2017. Thirty years of North American
wind energy acceptance research: What have we learned?
Energy Research & Social Science, 29, 135-148.
Rees J, Larcombe P, Vivian C, and Judd A. 2006. Scroby
Sands Offshore Wind Farm – coastal process monitoring. Final
report. Suffolk, UK: CEFAS
Reeves, R.R., 1992. Whale responses to anthropogenic
noise: a literature review. Science and Research Series, 47, 147.
Roelvink, J.A. and Van Banning, G.K.F.M., 1994. Design
and Development of DELFT3D and Application to Coastal
Morphodynamics. In: Verwey, A., Minns, A.W., Babovic, V.
and Maksimovic, C., Eds., Hydroinformatics, Balkema,
Rotterdam, 451-456.
SEO/BirdLife, 2016. Programas de seguimiento y grupos de
trabajo de SEO/BirdLife 2015. SEO/BirdLife. Madrid.
Simmons, E., 2012. Edge scour around an offshore wind
turbine. MSc thesis. TU Delft.

9

Copyright © 2018 ASME

Slattery, M.C., Johnson, B.L., Swofford, J.A., Pasqualetti,
M.J., 2012. The predominance of economic development in the
support for large-scale wind farms in the U.S. Great Plains.
Renewable and Sustainable Energy Reviews, 16(6), 36903701.
Thomsen, F., Lüdemann, K., Kafemann, R. and Piper, W.,
2006. Effects of offshore wind farm noise on marine mammals
and fish. Biola, Hamburg, Germany on behalf of COWRIE Ltd.
62 pp.
Thuiller, W., Lafourcade, B., Engler, R., Araújo, M.B.,
2009. BIOMOD - a platform for ensemble forecasting of
species distributions. Ecography, 32, 369-373.
Tsoutsos, T., Tsitoura, I., Kokologos, D., Kalaitzakis, K.,
2015. Sustainable siting process in large wind farms case study
in Crete. Renewable Energy, 75, 474-480.
Van Rijn, L.C., 1993. Principles of sediment transport in
rivers, estuaries and coastal seas. Unversiteit Utrecht, Delft
Hydraulics.
Viada, S.T., Hammer, R.M., Racca, R., Hannay, D.,
Thompson, M.J., Balcom, B.J., Phillips, N.W., 2008. Review of
potential impacts to sea turtles from underwater explosive
removal of offshore structures. Environmental Impact
Assessment Review, 28, 267-285.
Weir, C.R., Dolman, S.J., 2007. Comparative review of the
regional marine mammal mitigation guidelines implemented
during industrial seismic surveys, and guidance towards a
worldwide standard. Journal of International Wildlife Law and
Policy 10: 1–27.
Wilhelmsson, D., Langhamer, O., 2014. The influence of
fisheries exclusion and addition of hard substrata on fish and
crustaceans. Marine Renewable Energy Technology and
Environmental Interactions. Ed. M.A. Shields and A.I.L. Payne
(Berlin: Springer) pp 49–60.
Woodruff, D.L., Cullinan, V.I., Copping, A.E., Marshall,
K.E., 2013. Effects of electromagnetic fields on fish and
invertebrates. Task 2.1.3: Effects on aquatic organisms. Fiscal
Year 2012 Progress Report. Environmental effects of marine
and hydrokinetic energy. Pacific Northwest National
Laboratory. Prepared for the U.S. Department of Energy. 62 pp.
Wrozynski, R., Sojka, M., Pyszny, K., 2016. The
application of GIS and 3D graphic software to visual impact
assessment of wind turbines. Renewable Energy, 96, part A,
625-635.
Würsig, B., Greene, C.R., Jefferson, T.A., 2000.
Development of an air bubble curtain to reduce underwater
noise of percussive piling. Marine Environmental Research, 49,
79-93.

10

Copyright © 2018 ASME

