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Abstract  
This document describes the development and application of simple models to assess the consequence 

of anthropogenic marine pressures through the application of a Scale Intensity Consequence 

Assessment (SICA) approach, along with bespoke software (developed using MS Excel) to run the 

models. 

The physical, chemical and biological components of marine systems are linked by many interrelated 

processes which are, in turn, affected by a wide range of human activities. The cumulative impacts of 

such activities will vary according to (inter alia) the intensity, number and both the spatial and temporal 

scales of the associated pressures. The study and management of marine systems therefore requires 

information on the links between these human activities and ǘƘŜ ΨǇǊƻōƭŜƳǎΩ ǘƘŀǘ ŀǊƛǎŜ ς in terms of 

effects on structure, functioning and biodiversity, across different regional seas in a changing world. 

Within a wider framework of Risk Assessment and Risk Management, the process of Risk Assessment 

(i.e. determining the cause and consequence of marine problems) requires that risks be summarised and 

explained, allowing a problem to be deconstructed before each aspect is assessed, prioritised and 

addressed. 

To help address such Risk Assessment requirements in circumstances where the availability of empirical 

data is limited a simple two-stage model has been developed and is described here. Outputs from the 

model - assessments of the relative impact of a range of anthropogenic pressures and the contribution 

made by different human marine activities - are presented. 

Within DEVOTES, part of the overarching objective for work package WP1 is to determine the relative 

contribution of human pressures to the status/changes of biodiversity whilst recognising the challenges 

of shifting baselines under climate change conditions. By assessing the relative contribution made by 

different marine activities to the overall impacts generated on those habitats that are exposed to 

associated pressures, the model described here directly addresses these elements of the objective. 

Many examples of activity impact studies are based on a SICA-type approach. Unlike most examples of 

geo-spatially derived pressure assessment models in the literature, this current SICA-based study 

employs relatively large-scale data derived from expert judgement, rather than relying on small-scale 

(GIS-derived) data. This avoids one of the drawbacks often encountered in attempts to model the 

impacts of marine pressures brought about by human activity, that of data availability. More 

importantly, the approach adopted here allows for scenario testing, in which expert judgement 

regarding future marine conditions can be entered to the model to provide predictive outputs ς an 

approach which fosters adaptive management. In addition, the model can be applied across a range of 

spatial scales. 
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Model outputs for five case studies across the EU ŀǊŜ ƛƴ ƎŜƴŜǊŀƭ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ŀǳǘƘƻǊǎΩ 

understanding of current environmental states and challenges, as seen at the level of major regional 

resources. In this context, the model is assumed to perform coherently, and its adoption and further 

development should be encouraged. 

The model outputs provide a basis for identifying those activities within a defined marine region or area 

that are most responsible for potential impacts on Marine Strategy Framework Directive (MSFD) 

predominant habitat types. Having identified those activities likely to be responsible for failures to 

achieve Good Environmental Status (GES) within the implementation of the MSFD, focussed 

consideration can then be given to the development of management options for selected activities. 

The approach developed here allows the incorporation of information derived from expert judgement, 

making it readily applicable to situations where empirical (detailed) geo-spatial information on habitat 

type and distribution are not available. 

Whilst recognising the value of expert judgement, the model provides an initial (generic) assessment 

that subsequently allows the user to focus attention on the most influential activities (reducing the 

burden on the expert judgement elicitation process) to be considered in the subsequent (detailed) 

assessment. The fact that the model is based on expert judgement also facilitates its application to 

hypothetical or projected scenarios, such as those associated with (near-future) instances of elevated 

sea temperatures occurring as a result of continued climate change impacts. 

Recommendations for further refinement and application of the model are provided. 
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1. Introduction  

1.1. Objectives  

²ƛǘƘƛƴ 59±h¢9{Σ ǘƘŜ ƻǾŜǊŀǊŎƘƛƴƎ ƻōƧŜŎǘƛǾŜ ŦƻǊ ǿƻǊƪ ǇŀŎƪŀƎŜ ²tм ΨIǳƳŀƴ ǇǊŜǎǎǳǊŜǎ ŀƴŘ ŎƭƛƳŀǘŜ 

ŎƘŀƴƎŜΩ ƛǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǊŜƭŀǘƛǾŜ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ƘǳƳŀƴ ǇǊŜǎǎǳǊŜǎ ǘƻ ǘƘŜ ǎǘŀǘǳǎκŎƘŀƴƎŜǎ ƻŦ 

biodiversity, our current understanding and monitoring adequacy, and the challenges of shifting 

baselines under climate change conditions. Within this high level objective, Specific Objective 1.1 is to 

Ψ5ŜŦƛƴŜ ŀƴŘ ŘŜǊƛǾŜ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ǘƻƻƭǎ ŦƻǊ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ƳŀƴŀƎŜŘ ŀƴŘ ǳƴƳŀƴŀƎŜŘ 

preǎǎǳǊŜǎ ƻƴ ōƛƻŘƛǾŜǊǎƛǘȅΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΩΦ 

The marine system is highly complex; its physical, chemical and biological components being linked by 

many interrelated processes. Whilst a wide range of human activities exert pressures on this complex 

environment, their cumulative impacts will vary according to (inter alia) the intensity, number and both 

the spatial and temporal scales of the associated pressures (Smith et al., 2014). There is an increasing 

need to demonstrate, quantify and predict the effects of human activities on these interrelated 

components in space and time (Elliott, 2002). The study and management of marine systems therefore 

requires information on the links between these human activities and ǘƘŜ ΨǇǊƻōƭŜƳǎΩ ǘƘŀǘ ŀrise ς in 

terms of effects on structure, functioning and biodiversity, across different regional seas in a changing 

world. 

These relationships can be viewed as part of the process of Risk Assessment (determining the cause and 

consequence of marine problems), whilst associated Risk Management requires responses to be 

identified (Cormier et al., 2013). To support this process, conceptual models are required to summarise, 

explain and address the identified risks, allowing a problem to be deconstructed as a precursor to each 

aspect being assessed, prioritised and addressed (Elliott, 2002). In terms of Risk Management, these 

models provide the basis for communicating messages to managers and developers as well as having an 

educational value (capturing and relating knowledge about a given subject matter) (e.g. Mylopoulos, 

1992). They also permit the identification of key activities that are likely to contribute most to failures to 

achieve Good Environmental Status (GES) within the implementation of the Marine Strategy Framework 

Directive (MSFD), allowing consideration to be given to developing and applying strategic management 

options for selected activities. 

In support of Specific Objective 1.1, the current report (D1.2) has been produced to describe, and link, 

sea-specific matrices of pressure-impact relationships. Work on this was based on Tasks 1.1.1 and 1.1.2, 

and on existing activity-pressure-impact chains. The resultant model, which allows the effects of moving 

baselines (due, for example, to climate change) to be incorporated, has been developed and applied to 
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five case study areas across four European seas: Baltic Sea, Black Sea (including both Bulgarian and 

Ukrainian areas), Mediterranean Sea and the Southern North Sea. 

1.2. Contributions to  this deliver able  

Work on this deliverable was initially led by MHI-NASU and an initial approach was presented at the San 

Sebastian Annual Meeting (2013). Working with other DEVOTES partners ideas for the deliverable were 

outlined, and were subsequently discussed and developed at a workshop held in Amsterdam in 2014. 

MS Excel spreadsheets, initially developed by MHI-NASU, were used to collect the required model inputs 

from a series of case study areas (the Baltic Sea, Black Sea, Mediterranean Sea and Southern North Sea). 

Inputs were provided in the form of expert judgements supported by regional knowledge and published 

information. 

Following the withdrawal of MHI-NASU from the DEVOTES partnership during 2014, the development of 

MS Excel-based models and software tools and associated reporting has been completed by University 

of Hull, with support from IO-BAS and HCMR. 

1.3. Background  

This report ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ 5мΦн άwŜǇƻǊǘ ƻƴ ǎŜŀ-specific matrices of pressure-impact links and 

represents work undertaken under tasks 1.1.1 and 1.1.2 of the DEVOTES project. This document outlines 

the structure of a model that focuses on pressures and impacts arising from activities in a specific area. 

This is based on an underlying assumption of causality, where human marine (and, in some instances, 

terrestrial or aerial) activities exert pressures on the (marine) environment which in turn can induce 

changes in the state/quality of natural resources (and so lead to impacts on human welfare). In 

presenting this structure a model of interlinked matrices is presented, describing pressure-impact 

linkages and consequential effects on marine biodiversity. The model allows for an assessment of the 

relative importance of different (manageable) human marine pressures, in terms of their impact on a 

range of marine biodiversity components. It also allows for the consequences of changes in the extent 

and intensity of pressures, and in the sensitivity of biodiversity components to pressures, that are 

expected due to climate change to be assessed. 

The framework of marine management promoted by DEVOTES is presented in DEVOTES Deliverable 

D1.1 (Smith et al., 2014) with several MSFD worked examples on Driver-Pressure-State change (DPS) 

chains. A more recent addition to the framework is adding clarity by accounting for the separation 

between activities and pressures within a risk assessment and risk management framework (Elliott, 

2014). The latter suggests that the original DPSIR (Drivers-Pressures-State change-Impacts-Responses) 

framework is modified to a DAPSI(W)R framework (Figure 1) in which the overarching Drivers result in 
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Activities which then lead to Pressures, as mechanisms of change. These in turn lead to State changes on 

the natural system which, if unchecked, lead to Impacts (on societal Welfare). These Impacts then 

require societal Responses to be made to in some way ameliorate the effects of Drivers, Activities and 

Pressures (and so reduce the incidence of State Changes and Impacts on Welfare). 

Work under this DEVOTES deliverable is focussed on an assessment of the Activities-Pressures-State 

Change (APS) chain from the overall DAPSI(W)R framework (shown as red in Figure 1). 

 

 

NB: Elements shown in red represent the focus area of the current work 

Figure 1: Simplified DAPSI(W)R framework (after Barnard & Elliott, 2015) 

 

Although only relatively simple Activities-Pressures-State Change chains are being considered, it is 

recognised that attempts to model large aquatic systems pose the risk of becoming quickly 

overwhelmed by the range of attendant data describing, inter alia, the states of fisheries and other 

agents, the many species, physical habitats and communities present, and the ecological processes 

binding them all together (Cotter et al., 2015). A pragmatic strategy to avoid this potential risk is to: 

¶ decide policy goals for the aquatic system; 
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¶ use a comprehensive screening process to remove those activities that pose least risk to the 

achievement of those goals; and 

¶ to then monitor only those indicators needed to inform about the state of the system in relation 

to the remaining, principal risks. 

In this way, monitoring can be more economical, interpretation of indicators is more direct, and the list 

of managerial action points can be shorter and more pertinent (Cotter et al., 2015). One such screening 

process is a qualitative risk assessment method known as Ψscale, intensity and consequence analysisΩ 

(SICA) (e.g. Smith et al., 2007). Approaches based on SICA are most frequently seen in marine fisheries 

applications (for example, forming Level 1 of the Ecological Risk Assessment of the Effects of Fishing 

(ERAEF) used in Australia, as described by Hobday et al., 2007). 

A SICA-style approach is adopted here to help identify those activities that are likely to be responsible 

for a significant proportion of the overall (anthropogenic) pressures to which the marine environment is 

exposed. However, developing a sound understanding of the potential cumulative effects of activities 

occurring within a specific region is, fundamentally, dependent on the quantity and quality of data 

available on human activities and habitats, as well as the underlying foundational understanding of the 

vulnerability of these habitats to human activities (Halpern & Fujita, 2013). Coupled with this, data on 

where human activities occur in the marine environment are varied and uneven (Clarke-Murray et al., 

2015). The ideal dataset is: recent; recorded with temporal resolution that is able to reflect the natural 

variability of the biodiversity components; spatially precise and with high resolution; has spatial 

coverage consistent with the study area; and has an associated measure of relative intensity. Such ideal 

ŘŀǘŀǎŜǘǎ ŀǊŜΣ ƛƴ ǊŜŀƭƛǘȅΣ ƻŦǘŜƴ ƭŀŎƪƛƴƎ ŀƴŘ ŀƴȅ ŀƴŀƭȅǎŜǎ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ǘƘŜ ΨōŜǎǘ ŀǾŀƛƭŀōƭŜ ŘŀǘŀΩ Ƴŀȅ 

necessarily include dated activity data relating to different timescales and ranges. However, despite 

these limitations, cumulative effects assessments have the potential to inform conservation planning 

and ecosystem-based management (Clarke-Murray et al., 2015) ŀƴŘ ƘŜƭǇ ƳƻǾŜ ŦǊƻƳ ǘƘŜ Ψƴƻ-ŀŎǘƛƻƴΩ 

point. 

Although ecosystem-level policy goals reflect a growing scientific consensus on the importance of multi-

species interactions and system-level processes in the marine environment, straightforward 

measurements of ecosystem condition are often beyond the reach of current science. This is especially 

true with regard to the range of geographic scales and the different aspects of marine biodiversity that 

may be involved. To provide a flexible and readily applicable solution, the approach adopted here is 

based on the use of data derived from expert judgement (formal systematic processes to obtain 

judgements on scientific questions, to the exclusion of personal or social values and preferences). It can 

be argued that the use of expert judgement in relation to technical problems is not only unavoidable, 

but is also desirable, and experts may be approached precisely because of their expertise, not because 
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they are able to avoid the use of judgement (Barnard & Boyes, 2013). Expert judgement also facilitates 

assessments to be performed relatively rapidly, and allows for scenario modelling (e.g. for climate 

change) to be readily undertaken. 

The approach that has been developed here enables the (first stage) high level, generic assessment of 

the relative importance of different activity sectors, and of individual activities within each sector, within 

a given area (regional sea). 

Subsequently, a (second stage) more detailed assessment can be undertaken focussing on the most 

significant activities. This incorporates information on (for example, the spatial extent of activities 

relative to different habitats, together with information on the potential for impact on specific 

biodiversity components). The outputs from this second stage can be analysed in several ways including, 

for example, an assessment of the relative overall impact on particular biodiversity components 

(integrated across all activities and pressures) to be undertaken. 

The approach has a number of novel aspects: 

¶ the time/resource saving two--stage approach in choosing the most severe pressures in 

accordance with a risk analysis framework;  

¶ the handling of some of the diffuse pressures by allowing for different footprints; and 

¶ the totally transparent matrix and model environment embedded in a easy to work Excel 

worksheet without the need for specialised software. 



Deliverable 1.2: Report on sea-specific matrices of pressure-impact links 

6 

2. Model  structure  

2.1. Framework and constraints  

The methods used in this report are based on the underlying assumption that multiple pressure impacts 

can be effectively investigated using a spatial modelling approach in conjunction with consideration of 

the footprints of particular activities and their overlap with habitats or specific biodiversity components. 

Whilst this approach does not consider additive, synergistic or antagonistic effects between pressures, it 

Ƙŀǎ ƴŜǾŜǊǘƘŜƭŜǎǎ ǇǊƻǾƛŘŜŘ ǘƘŜ ōŀǎƛǎ ŦƻǊ ŀ ƴǳƳōŜǊ ƻŦ ΨŎumulative impactΩ ǎǘǳŘƛŜǎ at both a global level 

(e.g. Halpern et al., 2008) and a regional (European) level (e.g. Coll et al., 2012; Andersen et al., 2013; 

Korpinen et al., 2013; Micheli et al., 2013, Knights et al., 2015). The incidence of peer reviewed studies 

such as these is taken as being ǎǳŦŦƛŎƛŜƴǘ ǘƻ ŎƻƴŎƭǳŘŜ ǘƘŀǘ ǘƘŜ ŀŘƻǇǘƛƻƴ ƻŦ ŀ ΨŎǳƳǳƭŀǘƛǾŜΩ ƳƻŘŜƭ 

approach can be supported. 

The approach used here to identify dominant pressures in EU regional employs methods similar to those 

outlined (for example) by Stelzenmüller et al. (2010), within the EU-funded ODEMM (Options for 

Delivering Ecosystem-based Marine Management) project (Robinson & Knights, 2011) and, more 

recently, in an assessment of the relative importance of pressures arising from marine activities in UK 

marine regions (Barnard et al., 2015). However, an important distinction here is that the inputs for the 

model are generated not from the geo-spatial analysis of GIS datasets, but from qualitative expert 

judgement of APS chains relating to a series of linked matrices. As noted above, this facilitates the 

relatively rapid assessment of pressures across different European marine regions and, importantly, 

allows for the inclusion of predicted scenarios (for example, accounting for the predicted effects of 

climate change on species distribution and the spatial scale and extent of human marine activities). 

The underlying model (see Figure 2) employs expert judgement at a number of levels, set within a SICA 

(Scale, Intensity and Consequence Analysis, e.g. Smith et al., 2007) framework. Initially, conceptualised 

relationships between marine pressures and habitats are described. The extent of marine pressures, 

relative to the occurrence of habitats, όƛΦŜΦ ǘƘŜ Ψ{ŎŀƭŜΩ ƻŦ ǇǊŜǎǎǳǊŜǎύ is then determined and this 

information is then combined with ŜǎǘƛƳŀǘŜǎ ƻŦ ǘƘŜ ǘŜƳǇƻǊŀƭ ŦǊŜǉǳŜƴŎȅ ƻŦ ŀŎǘƛǾƛǘƛŜǎ όΨLƴǘŜƴǎƛǘȅΩύ ǘƻ 

ǇǊƻŘǳŎŜ ŀƴ ƛƴŘƛŎŀǘƻǊ ƻŦ ƭƛƪŜƭȅ ŜŦŦŜŎǘǎ ƛƴ ǘŜǊƳǎ ƻŦ ǇƻǘŜƴǘƛŀƭ {ǘŀǘŜ ŎƘŀƴƎŜ όΨ/ƻƴǎŜǉǳŜƴŎŜΩύΦ 
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Figure 2: Schematic of underlying modelling process, with reference to stages within SICA approach 

 

To assist the elicitation of expert judgement in an efficient manner, the modelling approach has been 

developed based on two distinct phases: 

¶ Generic modelling ς to identify those activities in a regional sea (or other defined study area) 

that give rise to the most significant levels of pressure; and 

¶ Specific modelling ς to apply a habitat-specific approach focussed on the main activities 

identified by the generic model. 

These two models are described below. 

2.2. Generic model  

Within a regional sea or other defined study area the Generic Impact, ὋὍȟ, of each activity and 

pressure combination on the overall receiving system is defined by the relationship between a series of 

matrices: 

')ȟ = !% !& 0%#ȟ ')0ȟ, where: 

ὃὉ, the activity extent, is the spatial extent of a given activity (ὥ) within a regional sea (or other 

defined study area), and defined as per Table 1. 

  

Conceptualise pressure-receptor relationship 

Identify activity and pressure footprints 

Identify spatial overlap of activity and 
(habitat) receptor 

Quantify activity intensity and receptor sensitivity 

Assign relative impact significance to each potential  
for each activity-pressure-receptor interaction 

Intensity 

Scale 

Consequence 
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Table 1: Definition of values for activity extent, ═╔╪ 

Classification 
code 

% area (or length of coastline) within region that is 
spatially coincident with activity (╪) 

Value of activity 
extent, ═╔╪ 

0 ὥ = 0 0.000 

1 0 < ὥ < 5 0.025 

2 5 < ὥ < 25 0.150 

3 25 < ὥ < 50 0.375 

4 50 < ὥ < 75 0.625 

5 75 < ὥ 0.875 

 

ὃὊ, the activity frequency, is the frequency of repeat occurrences of an activity (ὥ); values for ὃὊ are 

defined as per Table 2 (below): 

Table 2: Definition of values for activity frequency, ═╕╪ 

Classification 
code 

Activity occurs continually or 
repeatedly for a cumulative period of: 

Value of activity 
frequency, ═╕╪ 

0 Activity does not occur 0 
1 Less than three months in any given year 0.25 
2 Between three to six months in any given year 0.50 
3 Between six to nine months in any given year 0.75 
4 More than nine months in any given year 1.00 

 

ὖὉὅȟ, the pressure extent coefficient, indicates the degree to which the footprint of a pressure (ὴ) 

extends beyond the footprint of the activity (ὥ) that produces it. For a given activity, some pressures 

may extend beyond the activity footprint, whilst others will be restricted solely to the footprint. Equally 

(although less common) are instances where a pressure may extend beyond the footprint of some 

activities whilst being confined to within the footprint of others. A value for ὖὉὅȟ, relevant to the area 

being studied, is provided by the user for each pressure-activity combination. A default value of 1 is 

used where the pressure footprint is believed to be equivalent to the activity footprint, whilst a value of 

1.1 is used where the pressure footprint is believed to extend beyond the activity footprint. Within the 

model this effectively identifies the more diffuse pressures. Null values for ὖὉὅȟ (i.e. blank cells within 

the ὖὉὅȟ matrix) are used to identify were, for the region being studied, the activity does not give rise 

to the pressure. 

ὋὍὖȟ, the generic impact potential, is a variable in the range 0-1, defined as per Table 3. 
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Table 3: Definition of values for generic impact potential, ╖╘╟▬ȟ╪ 

Classification 
code 

Overall potential for a generic impact on habitats and biodiversity 
components due to a given pressure arising from a given activity  

Value of generic 
impact potential, 

ἑἓἜ▬ȟ╪ 

0 Activity does not lead to pressure 0 
1 Negligible potential for impact 0.0625 
2 Low potential for impact 0.2500 
3 Moderate potential impact 0.5625 
4 High potential for impact 1.0000 

 

The relationship between elements of the generic model is shown in the model structure presented 

graphically as Figure 3. 
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Figure 3: Generic model structure/process used to combine data matrices in first stage of study (see text for details) 
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2.3. Specific model  

Within a regional sea or other defined study area the overall Impact, Ὅȟ ȟ, of a pressure, ὴ, on a 

biodiversity component, ὄὅ, within a habitat, Ὤ, is defined by the relationship between a series of 

matrices: 

Ὅȟ ȟ = ὃὌὛὕȟ ὃὊ Ὅὖȟȟ , where 

ὃὌὛὕȟ, the activity-habitat spatial overlap, is the degree of spatial coincidence (overlap) between a 

given activity (ὥ) and a given habitat type (Ὤ) - the model user is able (from the generic model) to 

identify which activities are likely to contribute most to marine pressures in the area, and to focus effort 

on identifying ὃὌὛὕȟ values for this subset. Values for ὃὌὛὕȟ are recorded in relation to six broad 

classes, defined as per Table 4: 

Table 4: Definition of values for Activity-habitat spatial overlap ═╗╢╞╪ȟ▐ 

Classification 
code 

% area (or length of coastline) of given habitat that is 
spatially coincident with activity (╪) 

Value of activity habitat 
spatial overlap, ═╗╢╞╪ 

0 ὥ = 0 0.000 

1 0 < ὥ < 5 0.025 

2 5 < ὥ < 25 0.150 

3 25 < ὥ < 50 0.375 

4 50 < ὥ < 75 0.625 

5 75 < ὥ 0.875 

 

ὃὊ, the activity frequency, is the frequency of repeat occurrences of an activity (ὥ) - defined as for the 

generic model (Table 2, above). 

ὖὉὅȟ, the pressure extent coefficient, is a factor indicating the degree to which the footprint of a 

pressure (ὴ) extends beyond the footprint of the activity (ὥ) that causes it (values are as for the generic 

model, above); 

Ὅὖȟȟ , the impact potential, is a variable in the range 0-1, defined as a function of the Degree of 

Impact (ὈέὍȟ ) of a pressure (ὴ) on a biodiversity component (ὄὅ) and the generic Resilience (ὙὄὅȟὬύ 

of the biodiversity component within each habitat type (Ὤ) - the value of Ὅὖὴȟὄὅ is taken from a lookup 

table (Table 5): 
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Table 5: Lookup table for values of impact potential coefficient (╘╟▬ȟ║╒) 

Degree of impact, 
╓▫╘▬ȟ║╒ 

Resilience, ╡▐ȟ║╒ 

High Medium Low None 

Acute 0.25 0.50 0.75 1.00 
Chronic 0.19 0.38 0.56 0.75 

Low 0.13 0.25 0.38 0.50 
None 0.06 0.13 0.19 0.25 

In the above table: 

ὙὬȟὄὅ, resilience, is the likely rate of recovery of a biodiversity component (BC) following exposure to 

generic pressures - ὙὬȟὄὅ takes one of four possible values: High (0-2 years likely recovery period), 

Medium (2 to 10 years likely recovery period), Low (10-100 years likely recovery period) or None (no 

recovery likely); and 

ὈέὍȟ , the degree of impact, is the generic degree of impact of a pressure (ὴ) on a biodiversity 

component (ὄὅ) (accounting for the current status of the biodiversity component within the region) - 

ὈέὍȟ  takes one of four possible values: Acute, Chronic, Low or None (based on Robinson et al., 

2011)1. 

The relationship between the matrices that make up the generic model is shown in the model structure 

presented as Figure 4. 

 

                                                           

1 Acute severity of impact is defined as a severe impact over a short duration, e.g. (for species) a high 

proportion of individuals are killed by the pressure, or (for habitats) pressures cause an immediate 

change in habitat type (i.e. a change or loss of characteristic features and/or species). Under this 

definition, an acute impact can occur after just one event; 

Chronic severity of impact is defined as an impact that will eventually have severe consequences if it 

occurs with sufficient frequency and intensity (e.g. where disease levels might build up over time 

eventually leading to levels where high mortality in a population would be recorded); 

Low severity of impact is defined as an interaction that, irrespective of the frequency and magnitude of 

the event(s), never causes high levels of mortality within a given population, or never results in the loss 

of habitat or change in its typical species or functioning; 

NB It was assumed that the severity of pressure impacts on BC were the same across all activities that 

caused the pressure. 
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Figure 4: Detailed model structure/process used to combine data matrices in second stage of study (incorporating habitat- and BC-specific information ς see 

text for details) 
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2.4. Scope: m odel inputs/components  

As outlined above, the models that underpin these assessments can be specified across four 

dimensions, two of which relate to the receiving system (aquatic/benthic habitats and biodiversity 

components in the region) and two to anthropogenic perturbations (human activities and resultant 

pressures that occur in the region). 

2.4.1. Habitats  and biodiversity components  

The spreadsheet model was developed to accommodate the 23 MSFD predominant habitat types (Table 

6), and a range of 11 separate biodiversity components (BC), again derived from the MSFD (Table 7). 

Note that, for simplicity, the model assumes an even distribution of BC across each of the habitats (with 

the presence of BC within a given habitat inferred from the (user-ŘŜŦƛƴŜŘύ ΨwŜǎƛƭƛŜƴŎŜΩ Ƴatrix (which 

identifies the resilience of each BC to generic pressures on a habitat-by-habitat basis. Entries in this 

matrix are taken to indicate the association of a BC with a specific habitat, whilst null entries (i.e. blanks) 

are taken to indicate that the BC is not associated with the habitat. 

Table 6: Aquatic and benthic habitats (MSFD predominant habitats) considered within the model 

# Habitat 

1 Littoral rock and biogenic reef 

2 Littoral sediment 

3 Shallow sublittoral rock and biogenic reef 

4 Shallow sublittoral coarse sediment 

5 Shallow sublittoral sand 

6 Shallow sublittoral mud 

7 Shallow sublittoral mixed sediment 

8 Shelf sublittoral rock and biogenic reef 

9 Shelf sublittoral coarse sediment 

10 Shelf sublittoral sand 

11 Shelf sublittoral mud 

12 Shelf sublittoral mixed sediment 

13 Upper bathyal rock and biogenic reef 

14 Upper bathyal sediment 

15 Lower bathyal rock and biogenic reef 

16 Lower bathyal sediment 

17 Abyssal rock and biogenic reef 

18 Abyssal sediments 

19 Reduced salinity water 

20 Variable salinity (estuarine) water 

21 Marine water: coastal 

22 Marine water: shelf 

23 Marine water: oceanic 
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Table 7: Biodiversity Components (BC) considered with the model 

# Biodiversity Component 

1 Phytoplankton 

2 Zooplankton 

3 Macroalgae/Angiosperms 

4 Benthic invertebrates (sessile) 

5 Benthic invertebrates (motile) 

6 Fish (pelagic) 

7 Fish (demersal) 

8 Cephalopods 

9 Marine mammals 

10 Reptiles 

11 Birds 

 

2.4.2. Marine a ctivities  

A range of 84 marine activities are considered, disaggregated from 18 generic activity sectors (Table 8). 

Whilst the generic model allows key activity sectors (those contributing most to the overall levels of 

pressure) to be identified, the subdivision of each sector into individual activities enables users to 

identify management options specific to particular activities rather than whole sectors. Note that, as the 

model is intended to be applicable across a wide geographic range, certain sectors or specific activities 

may not be applicable for particular regions. 
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Table 8: List of marine activities (sectors and detail) ς modified from Koss et al., 2011a 

Sector Specific activity 

Aquaculture (including 
marine biotechnology 
based on aquaculture) 

Fin-fish - construction/installation of infrastructure 

Fin-fish - operational 

Macro-algae - construction/installation of infrastructure 

Macro-algae - operational 

Shellfish - construction/installation of infrastructure 

Shellfish - operational 

Fishing Benthic trawls and dredges - operation 

Benthic trawls and dredges - mooring/anchoring 

Benthic trawls and dredges - general 

Nets (fixed/set/gillnets/other nets/lines) - set up/recovery 

Nets (fixed/set/gillnets/other nets/lines) - operational 

Nets (fixed/set/gillnets/other nets/lines) - general 

Pelagic trawls - operations 

Pelagic trawls - mooring/anchoring 

Pelagic trawls - general 

Potting/creeling - set up/recovery 

Potting/creeling - operational 

Potting/creeling - general 

Suction/hydraulic dredges - operations 

Suction/hydraulic dredges - mooring/anchoring 

Suction/hydraulic dredges - general 

Shipping Mooring/anchoring/beaching/launching 

General
2
 

Renewable energy Wind farms - construction - installation/decommissioning of turbines on seafloor 

Wind farms - operational (active cables laying on seafloor, moving turbines) 

Wave energy - construction, cable laying, decommissioning 

Wave energy - operational 

Tidal sluices - construction 

Tidal sluices - operational 

Tidal barrages - construction 

Tidal barrages - operational 

Non-renewable energy (oil, 
gas and hydro) 

Oil and Gas -exploration, construction, decommissioning 

Oil and Gas - operational 

Hydro - operational 

Power stations (land-based, but coastal) - construction 

Power stations (land-based, but coastal) - operational 

Non-renewable energy 
(nuclear) 

Power stations (land-based, but coastal) - construction 

Power stations (land-based, but coastal) - operational 

Telecommunications Communication cables - laying cables 

Communication cables - active/operational 

Aggregates Maerl - extraction of substrate 

Maerl - disposal of spoil/waste 

Rock/Minerals - coastal quarrying - extraction of substrate 

Rock/Minerals - coastal quarrying - disposal of spoil/waste 

Sand/gravel aggregates - extraction of substrate 

Sand/gravel aggregates - disposal of spoil/waste 

Navigational dredging Capital dredging - extraction of substrate 

Capital dredging - disposal of spoil/waste 

Maintenance dredging - extraction of substrate 

Maintenance dredging - disposal of spoil/waste 

Table continued over Χ  

                                                           
2
 Normal vessel transit 
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Sector Activity 

Coastal Infrastructure 

Artificial reefs - construction 

Artificial reefs - operational 

Beach replenishment - operational 

Culverting lagoons - construction 

Culverting lagoons - operational 

Marinas and dock/port facilities - construction 

Marinas and dock/port facilities - operational 

Land claim - construction 

Land claim - operational 

Coastal defence - sea walls/breakwaters/groynes - construction 

Coastal defence - Sea walls/breakwaters/groynes - operational 

Land-based Industry Industry with discharges into rivers and coastal waters - operational 

Agriculture 
Deforestation 

General
3
 

Tourism/recreation 

Recreational angling 

Boating/yachting/diving/water sports - mooring/anchoring/beaching/launching 

Boating/yachting/diving/water sports - general 

Public beach - general 

Tourist resort - construction 

Tourist resort - operational 

Military 

Operations (specific to activity but can include: seismic activities, sonar) 

Mooring/anchoring/beaching/launching 

General 

Research 

Operations 

Mooring/anchoring/beaching/launching 

General 

Desalination Operational 

Waste water treatment Operational 

Harvesting/collecting 

Bait digging 

Seaweed and saltmarsh vegetation harvesting 

Bird eggs 

Shellfish hand collecting 

Peeler crabs (boulder turning) 

Curios 

 

2.4.3. Marine p ressures 

A method of translating human activities into ecosystem specific pressures, together with a measure of 

ecosystem sensitivity to those pressures, is required to determine human impacts on ecosystem 

components (habitats or BC) (e.g. Stelzenmüller et al., 2010). In order to achieve this, clear definition 

and consistent use of the term ΨpressureΩ is required. 

Martins et al. (2012) state that pressures are Ψhuman actions that can induce environmental changeΩ and 

are usually associated with actions with the potential to cause damage or degradation. The World 

Resources Institute (2009) database of ecosystem services defines pressure as Ψbiophysical influences 

that act directly on ecosystems and the biodiversity they harbourΩ. Pressures are differentiated from 

                                                           
3
 ΨƴƻǊƳŀƭΩ ŀǊŀōƭŜ ŀƴŘ ƭƛǾŜǎǘƻŎƪ ŦŀǊƳƛƴƎ ǇǊŀŎtices, including the use of (natural and artificial) fertilisers 
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direct drivers in that they are the biophysical representation of human actions that directly impact 

ecosystems for example, emissions or waste discharges. This definition is broadly consistent with that of 

Pirrone et al. (2005) and Robinson et al. (2008) both of whom define pressure as Ψthe mechanism 

through which an activity has an effect on any part of an ecosystemΩΦ However, despite the similarity of 

these definitions, many pressures that may be identified as being relevant to the marine environment 

(e.g. marine mineral mining, marine dumping, water abstraction) are, more accurately, representative of 

activities (sensu Robinson et al., 2008). For the purpose of this study the definition of pressure 

promoted by Robinson et al. (2008) (which helps make clear the distinction between activities, 

pressures and impacts where these three terms have previously been used interchangeably) is adopted. 

Impacts are the consequences of pressures where a change occurs that is different to that expected 

under natural conditions. Irrespective of the precise definition that is adopted, it is recognised that: 

pressures can be physical, chemical or biological; the same pressure may be caused by a number of 

different discrete activities; and different discrete pressures may potentially impact on a single given 

receptor (habitat or biodiversity component). In this sense, the activity-pressure-state change chains 

that are considered by the proposed model are actually a series of many-to-many relationships and, 

consequently, any underlying model needs to account for a multitude of discrete Ψactivity-pressure-

receptorΩ ŎƘŀƛƴǎ όe.g. Knights et al., 2013). 

Lists of marine pressures are provided by several authors (including Eastwood et al., 2005; Robinson et 

al., 2008; EC, 2008). Such lists were collated and updated, producing a list consistent with that being 

used in the ODEMM project (e.g. Koss et al., 2011b). Only the direct (linear) effects of pressures (cause 

by human activities) on habitats and BC are considered, although it is acknowledged that additional 

indirect effects can play an important role in the functioning of an ecosystem (Montoya et al., 2006), 

whilst many responses are non-linear (Duarte et al., 2008). 

With the exception of pressures falling under the general theme of climate change, these pressures 

predominantly relate to anthropogenic activity and, according to Atkins et al. (2011), are representative 

ƻŦ ΨŜƴŘƻƎŜƴƛŎ όǿƛǘƘƛƴ-ǎȅǎǘŜƳύ ƳŀƴŀƎŜŘ ǇǊŜǎǎǳǊŜǎΩΦ aŀƴŀƎement of such pressures needs ultimately to 

ōŜ ǳƴŘŜǊǘŀƪŜƴ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ΨŜȄƻƎŜƴƛŎ ǳƴƳŀƴŀƎŜŘ ǇǊŜǎǎǳǊŜǎΩΣ ǿƘƛŎƘ Ƴŀȅ ƛƴŎƭǳŘŜ ǘƘƻǎŜ ŦŀƭƭƛƴƎ ǳƴŘŜǊ 

the theme of climate change, isostatic/eustatic change, volcanic or seismic activity. Pressures acting at a 

large scale require different responses to those adopted for localised pressures and, consequently, the 

management of such pressures require separate consideration to the management of local pressures. 

The models developed here principally consider a suite of 22 endogenic managed pressures (Table 9); 

whilst it is acknowledged that marine systems are also subject to a number of exogenic unmanaged 

pressures (see, for example, the listing provided as Table 10) the current models do not consider the 

impacts of such pressures. The models developed here consider all the essential pressures featuring in 



 

19 

the MSFD along with a limited number of additions (but see Elliot et al., 2014 and Patricio et al., 2014 

for further potential additions, such as visual disturbance and aesthetic pollution). 

Table 9: List of manageable pressures considered in the current study 

Pressure Description 
Listed in 
MSFD 

Smothering  By man-made structures/ disposal at sea V 

Sealing/substratum loss 

Sealing by permanent construction (coastal defences/wind turbines), 
change in substratum due to loss of key physical/biological features, 
replacement of natural substratum by another type (e.g. sand/gravel 
to mud) 

V 

Changes in siltation 
Change in concentration of suspended solids in the water column 
(dredging/run-off) 

V 

Abrasion 
Physical interaction of human activities with the seafloor/seabed 
flora and fauna causing physical damage (e.g. trawling) 

V 

Selective extraction of non-
living resources 

Aggregate extraction/removal of surface substrata V 

Underwater noise Shipping/acoustic surveys V 

Marine Litter Litter V 

Thermal regime changes 
Temperature change (average, range, variability) due to thermal 
discharge (local)  

V 

Salinity regime changes 
Salinity change (average, range, variability) due to thermal 
constructions affecting water flow (at local scale) 

V 

Introduction of synthetic 
compounds 

Pesticides, anti-fouling chemicals, pharmaceuticals V 

Introduction of non-synthetic 
compounds 

Heavy metals, hydrocarbons V 

Introduction of radionuclides Radionuclides V 

Nitrogen and phosphorus 
enrichment 

Input of nitrogen and phosphorus (e.g. fertiliser, sewage) V 

Input of organic matter 
Input of organic matter (industrial/sewage effluent, agricultural run-
off, aquaculture, discards, etc.)  

V 

Introduction of microbial 
pathogens 

Introduction of microbial pathogens V 

Introduction of non-
indigenous spp. and 
translocations 

Through fishing activity/netting/aquaculture/shipping V 

Selective extraction of species 
Removal and mortality of target (e.g. fishing) and non-target (e.g. by 
catch, cooling water intake) species 

V 

Death or injury by collision 
Caused by impact with moving parts of a human activity (ships, 
propellers, wind turbines) 

x 

Barrier to species movement 
Obstructions preventing natural movement of mobile species. 
Barrages, causeways, wind turbines etc. along migration routes.  

x 

pH changes 
Change in pH (mean, variation, range) due to run-off/change in 
freshwater flow etc. (local) 

x 

Change in wave exposure 
Change in size, number, distribution and/or periodicity of waves 
along a coast due to man-made structures (local) or climate change 
(large scale) 

x 

Water flow rate changes 
Change in currents (speed, direction, variability) due to man-made 
structures (local) 

x 
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Table 10: Examples of exogenic unmanaged pressures (not directly considered within the scope of this 

study) 

Pressure Description 
Listed 

in MSFD 

Thermal regime change 
Temperature change (average, range, variability) due to climate 
change (large scale) 

x 

Salinity regime change 
Temperature change (average, range, variability) due to climate 
change (large scale) 

x 

Emergence regime change 
Change in natural sea level (mean, variation, range) due to climate 
change (large scale) and isostatic rebound 

x 

Water flow rate changes 
Change in currents (speed, direction, variability) due to climate 
change (large scale) 

x 

pH changes 
Change in pH (mean, variation, range) due to climate change (large 
scale), volcanic activity (local) 

x 

Change in wave exposure 
Change in size, number, distribution and/or periodicity of waves 
along a coast due to climate change (large scale) 

x 
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3. Matri x linkages: MS Excel Spreadsheet structure  

3.1. First stage (generic) assessment  

3.1.1. Overview  

As indicated in Figure 3, the first stage (generic) assessment involves the combination of four separate 

matrices, which describe: the spatial extent of each activity relevant to the study area (ὃὉ), the 

frequency of each activity (ὃὊ), the degree to which the pressure footprint extends beyond the activity 

footprint (ὖὉὅȟ), and the level of (generic) impact that arises from each pressure (ὋὍὖȟ). These 

matrices are combined to calculate values for ὋὍȟ, the generic impact due to pressure (ὴ) arising from 

activity (ὥ): 

ὋὍȟ = ὃὉ ὃὊ ὖὉὅȟ ὋὍὖȟ 

Values for ὋὍȟ can then be summed across pressures to derive a series of indices, ὋὍ, which indicate 

the relative contribution made by each activity to the overall impact of marine pressures that potentially 

arise in the region: 

ὋὍ ὋὍȟ 

where (for the current project) ὖ, the total number of pressures considered, takes a value of 84. The 

effects of pressures are assumed to be additive and are all given equal weighting: no allowance is made 

for synergistic or antagonistic effects. 

3.1.2. Spreadsheet entries and outputs  

Note that all of the data entry worksheets (tabs) in the MS Excel spreadsheet that has been developed 

to run the models are coloured red. Within these tabs, areas for data input are shaded red. All other 

areas are write-protected to prevent inadvertent corruption of the underlying calculation algorithms. 

¢ƘŜ ŦƛǊǎǘ ǘŀō όΨLƴǇǳǘǎ ς !9Σ !CΣ DLtΩύ holds the entries for three of the matrices: ὃὉ, ὃὊ and ὋὍὖȟ. The 

ǎŜŎƻƴŘ ǘŀō όΨLƴǇǳǘǎ ς t9/Ωύ ƘƻƭŘǎ ŜƴǘǊƛŜǎ ŦƻǊ ǘƘŜ ὖὉὅȟ matrix. 

ThŜ ǘƘƛǊŘ ǘŀō όΨDŜƴŜǊƛŎ ƻǳǘǇǳǘǎΩύΣ ǿƘƛŎƘ ƛǎ ŎƻƭƻǳǊŜŘ ǇǳǊǇƭŜΣ provides initial outputs. 

3.1.3. Data entry tab ôInputs ð AE, AF, GIPõ 

Values for ὃὉ are held within a 1 (column) by 84 (row) matrix (cells E3:E86) on the first tab. Each entry 

refers to a specific activity. Valid entries are restricted to the numbers 0, 1, 2, 3, 4 and 5 (based on Table 

1); blank cells are accepted (and are handled as zero values, indicating where an activity does not occur 

within the region). 
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Values for ὃὊ are held within a second 1 (column) by 84 (row) matrix (cells F3:F86) on the first tab. 

Each entry refers to a specific activity. Valid entries are restricted to the numbers 0, 1, 2, 3 and 4 (based 

on Table 2); blank cells are accepted (and are handled as zero values, indicating where an activity does 

not occur within the region). 

Values for ὋὍὖȟ are held within a 22 (column) by 84 (row) matrix (cells G3:AB86) on the first tab. Each 

entry refers to a specific activity-pressure combination. Valid entries are restricted to the numbers 0, 1, 

2, 3 and 4 (based on Table 3); blank cells are accepted (and are handled as zero values, indicating where 

an activity does not give rise to a pressure). 

3.1.4. Data entry tab ôInputs ð PECõ 

Values for ὖὉὅȟ are held within a 22 (column) by 84 (row) matrix (cells E3:Z86) on the second tab. 

Each entry refers to a specific activity-pressure combination. Valid entries are restricted to the numbers 

0, 1 and 1.1; blank cells are accepted (and are handled as zero values, indicating where an activity does 

not give rise to a pressure). 

3.1.5. First stage (generic) assessment outputs ôGeneric outputsõ 

The first stage (generic) outputs are presented on the third tab (coloured purple). 

An index of the total resultant impact, ὋὍ, (i.e. ὋὍȟ values summed across pressures) attributable to 

each activity is shown (column F). 

Values for ὋὍ are effectively dimensionless (or, at least, they have no readily apparent units associated 

with them). Consequently, their usefulness lies not in their absolute value, but in their relative 

magnitude (although a theoretical maximum value can be assigned to each pressure/activity 

combination). The relative importance of each activity is indicated by the values shown in column G on 

the third tab, where the total resultant impact per activity is expressed as a percentage of the total 

across all activities. These percentage values provide a ready indication of the contribution made by 

each individual activity to the overall impact that results from human activities in the region. 

.ȅ ǎŜƭŜŎǘƛƴƎ ǘƘŜ Ψ{ƻǊǘΩ ōǳǘǘƻƴ όƎǊŜȅ ōǳǘǘƻƴ ƻƴ ƎǊŜŜƴ ōŀŎƪƎǊƻǳƴŘύ ǘƘŜ ƭƛǎǘ ƻŦ ŀŎǘƛǾƛǘƛŜǎ Ŏŀƴ ōŜ ǎƻǊǘŜŘ ǘƻ 

help identify those that appear to contribute the most to the overall range of impacts seen. The list of 

ŀŎǘƛǾƛǘƛŜǎ Ŏŀƴ ōŜ ǊŜǎŜǘ ǘƻ ƛǘǎ ƻǊƛƎƛƴŀƭ ƻǊŘŜǊ ōȅ ǎŜƭŜŎǘƛƴƎ ǘƘŜ ΨwŜǎŜǘΩ ōǳǘǘƻƴΦ 

When sorted, the final column (column I) presents the cumulative percentage of total impact accounted 

for by different activities. This enables the user to more easily appreciate the relative importance of 

each marine activity. For example, the user can see which activities should be considered in the second 

(detailed) assessment stage (e.g. how many activities should be considered in order to account for a 
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given percentage (say 90%) of the overall total impact seen in the region, or what percentage of the 

overall level of impact is covered by considering just the top 10 or top 15 activities). 

3.2. Second stage (detailed) assessment  

3.2.1. Overview  

As indicated in Figure 4, the second stage (detailed) assessment involves the combination of five 

separate matrices, describing: the spatial extent of each activity relevant to each habitat within the 

study area (ὃὌὛὕȟ), the frequency of each activity (ὃὊ), the degree to which the pressure footprint 

extends beyond the activity footprint (ὖὉὅȟ), the resilience of BC in different habitats (ὙὬȟὄὅ) and the 

degree of impact of individual pressures on BC (ὈέὍȟ ). 

These five matrices are combined to calculate values for Ὅȟ ȟȟ, the generic impact on biodiversity 

component (ὄὅ) within habitat (Ὤ), due to pressure (ὴ) arising from activity (ὥ), according to: 

Ὅȟ ȟȟ = ὃὌὛὕȟ ὃὊ 0%#ȟ Ὅὖȟȟ   

(where Ὅὖȟȟ  is defined as a function of ὈέὍȟ   and ὙὄὅȟὬ - the value of ὍὖὬȟὴȟὄὅ being taken from a 

lookup table, Table 5). 

Individual values for Ὅȟ ȟȟ can then be summed across (for example) habitats (Ὤ) and pressures (ὴ) to 

indicate the impact of each activity on each BC: 

Ὅȟ Ὅȟ ȟȟ  

where (for the current project) Ὄ and ὖ, the total number of habitats and pressures considered, take 

values of 23 and 84, respectively. 

Similarly, individual values for Ὅȟ ȟȟ can be summed across habitats (h), BC (ὄὅ) and pressures (p) to 

indicate the overall impact of each activity within the region: 

Ὅὥ ὍὬȟὄὅȟὥȟὴ

ὖ

ὴρ

  

3.2.2. Spreadsheet entries and outputs  

As for the first set of tabs (discussed above), the data entry tabs for the second (detailed) stage of the 

model assessment (tabs four to six) are coloured red, and data entry areas on each tab are shaded red. 

Again, all other areas are write-protected to prevent inadvertent corruption of the underlying 

calculation algorithms. 
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¢ƘŜ ŦƻǳǊǘƘ ǘŀō όΨLƴǇǳǘǎ ς !I{hΩύ ƘƻƭŘǎ ǘƘŜ ŜƴǘǊƛŜǎ ŦƻǊ ǘƘŜ ὃὌὛὕȟ ƳŀǘǊƛȄΦ ¢ƘŜ ŦƛŦǘƘ ǘŀō όΨLƴǇǳǘǎ ς 

wŜǎƛƭƛŜƴŎŜΩύ ƘƻƭŘǎ ǘƘŜ ŜƴǘǊƛŜǎ ŦƻǊ ǘƘŜ ὙὬȟὄὅ matrix. TƘŜ ǎƛȄǘƘ ǘŀō όΨLƴǇǳǘǎ ς 5ƻLΩύ ƘƻƭŘǎ the entries for the 

ὈέὍȟ  matrix. 

Inputs for the !& ƳŀǘǊƛȄ ŀǊŜ ǘŀƪŜƴ ŦǊƻƳ ŜƴǘǊƛŜǎ ǇǊƻǾƛŘŜŘ ƻƴ ǘƘŜ ŦƛǊǎǘ ǘŀō όΨLƴǇǳǘǎ ς AE, AF, GIP), whilst 

inputs for the 0%#ȟ ƳŀǘǊƛȄ ŀǊŜ ǘŀƪŜƴ ŦǊƻƳ ŜƴǘǊƛŜǎ ǇǊƻǾƛŘŜŘ ƻƴ ǘƘŜ ǎŜŎƻƴŘ ǘŀō όΨLƴǇǳǘǎ ς PE/ΩύΦ 

CƛƴŀƭƭȅΣ ǘƘŜ ǎŜǾŜƴǘƘ ǘŀō όΨ5ŜǘŀƛƭŜŘ ŎŀƭŎǳƭŀǘƛƻƴǎΩύΣ ǿƘƛŎƘ ƛǎ ŎƻƭƻǳǊŜŘ ōƭǳŜΣ ǇǊƻǾƛŘŜǎ ǘƘŜ ŘŜǘŀƛƭŜŘ ƻǳǘǇǳǘǎ 

(individual values for Ὅȟ ȟȟ). 

3.2.3. Data entry tab ôInputs ð AHSOõ 

Values for the ὃὌὛὕȟ matrix are entered into a 23 (column) by 84 (row) matrix (cells E3:AA86) on the 

fourth tab. Valid entries are restricted to the numbers 0, 1, 2, 3 and 4 (reflecting the overlap between 

each activity and habitat combination, according to the classification shown as Table 4). Blank cells are 

accepted (and are handled as zero values, indicating where an activity does not overlap with a particular 

habitat). 

The final two columns of this tab present ') (an index of the total resultant impact due to each activity, 

summed across pressures) (column AC) and the cumulative percentage of total resultant impact 

accounted for by different activities (column AD). These data are taken from the first stage (generic) 

outputs and are provided to help the user to more easily appreciate the relative importance of each 

marine activity. 

It is this matrix (ὃὌὛὕȟ) that provides the detailed information to the second stage assessment. It is 

recognised that, even though they are based on expert judgement rather than the interrogation of 

empirical data, providing estimates for each activity and habitat combination (a total of 1,932 entries) is 

likely to be a relatively intensive process. As certain activities (as shown by the first (generic) 

assessment) may contribute little or nothing to the overall level of impact caused through resultant 

ǇǊŜǎǎǳǊŜǎ ƛǘ ƛǎ ƴƻǘ ǎǘǊƛŎǘƭȅ ƴŜŎŜǎǎŀǊȅ ǘƻ ŎƻƳǇƭŜǘŜ ŀƭƭ Ǌƻǿǎ ƻŦ ǘƘƛǎ ƳŀǘǊƛȄΦ .ȅ ǎŜƭŜŎǘƛƴƎ ǘƘŜ ΨRe-order based 

on overall generic pressuresΩ ōǳǘǘƻƴ όƎǊŜȅ ōǳǘǘƻƴ ƻƴ ƎǊŜŜƴ ōŀŎƪƎǊƻǳƴŘύ ǘƘŜ ƭƛǎǘ ƻŦ ŀŎǘƛǾƛǘƛŜǎ Ŏŀƴ ōŜ 

sorted to promote those identified in the first stage (generic) assessment as appearing to contribute the 

most to the overall range of impacts seen. The list of activities can be reset to its original order by 

ǎŜƭŜŎǘƛƴƎ ǘƘŜ ΨwŜǎŜǘΩ ōǳǘǘƻƴΦ 

In practical terms therefore, once the rows have been sorted according to the ὋὍ values in column AC 

όōȅ ǳǎƛƴƎ ǘƘŜ ŀǳǘƻƳŀǘƛŎ ǊƻǳǘƛƴŜǎ ŎŀƭƭŜŘ ōȅ ǘƘŜ ΨRe-order based on overall generic pressuresΩ ōǳǘǘƻƴύ ǘƘŜ 

user may focus attention on the activities at the top of the list. 
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3.2.4. Data entry tab ôInputs ð Resilienceõ 

Values for the ὙὬȟὄὅ matrix are entered into an 11 column (BC) by 23 row (habitats) matrix (cells 

C3:M25) on the fifth tab. Each entry refers to the resilience of a given ὄὅ within a specific habitat. As 

noted earlier, resilience is here defined as the likely rate of recovery of a biodiversity component (ὄὅ) 

following exposure to generic pressures - ὙὬȟὄὅ takes one of four possible values: High (likely recovery 

period <2 years), Medium (likely recovery period >2 years but <10 years), Low (likely recovery period 

>10 years but <100 years) or None (no recovery likely, or recovery period in excess of 100 years). Valid 

entries to this matrix are restricted to letters L, M, H and N (reflecting the generic resilience of BC in 

different habitats). Blank cells are accepted (and are taken as indicating those BC that do not occur 

within specific habitats). 

3.2.5. Data entry tab ôInputs ð DoIõ 

Values for the ὈέὍȟ  matrix are entered into an 11 column (BC) by 22 row (pressures) matrix (cells 

C3:M24) on the sixth tab. Each entry refers to the likely severity of the impact on each BC due to each 

pressure that is considered. In each case, the degree of impact is defined as: 

¶ Acute (a severe impact over a short duration); 

¶ Chronic (an impact that will eventually have severe consequences if it occurs with sufficient 

frequency and intensity); or 

¶ Low (an interaction that, irrespective of the frequency and magnitude of the event(s), will not 

cause high levels of mortality within a given population, or result in the loss of habitat or change 

in its typical species or functioning). 

²ƘŜǊŜ ŀ ./ ƛǎ ƴƻǘ ǎŜƴǎƛǘƛǾŜ ǘƻ ŀ ǇǊŜǎǎǳǊŜΣ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ƛƳǇŀŎǘ ƛǎ ǊŜŎƻǊŘŜŘ ŀǎ ΨbƻƴŜΩΦ 

It was assumed that the severity of pressure impacts on BC were the same across all activities that 

caused the pressure. 

Valid entries to this matrix are restricted to letters A, C, L and N (reflecting the generic resilience of BC in 

ŘƛŦŦŜǊŜƴǘ ƘŀōƛǘŀǘǎύΦ .ƭŀƴƪ ŎŜƭƭǎ ŀǊŜ ŀŎŎŜǇǘŜŘ όōǳǘ ŀǊŜ ŀǎǎǳƳŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ ΨbΩ Ǿalues). 

3.2.6. Second stage (detailed) assessment outputs ôDetailed calculationsõ 

The second stage (detailed) outputs are presented on the seventh tab (coloured blue). 

Indices representing the total resultant impact (Ὅȟ ȟȟ) of each pressure (ὴ) caused by each activity 

(ὥ), acting on each biodiversity component (ὄὅ) within each habitat (Ὤ) are presented (column F). 

Values for Ὅȟ ȟȟ are effectively dimensionless and their usefulness lies not in their absolute value, but 

in their relative magnitude. 
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3.3. Output processing  

As described above, the first stage (generic) assessment was used to derive estimates of ὋὍ, the 

relative overall impact caused by pressures associated with each activity. These ὋὍ estimates were then 

used to identify the most important activities (in terms of impact) within each case study area. The 

second stage (detailed) assessment made use of more detailed information on this subset of selected 

activities to derive estimates of Ὅȟ ȟȟ. 

In practice, the application of the (second stage assessment) models presented in this report is intended 

to be focussed on specific habitats ς such as those found to be failing to attain GES. In this way, those 

human activities that are likely to be having the highest impact on impacted habitats, and which could 

therefore be usefully considered for management, can be identified. 

In the absence of information on GES compliance a simple assessment framework has been proposed 

and adopted in order to provide a set of example outputs (Figure 5). 

 

Figure 5: Assessment framework for reviewing the relative importance of pressure impact links 

Overall, the model considers a total of 84 activities, 22 pressures, 23 habitats and 11 BC, the 

spreadsheet model initially calculates a total of 467,544 separate Ὅȟ ȟȟ values. These Ὅȟ ȟȟ values 

were aggregated and assessed according to the above framework. 

CƻǊ ŜŀŎƘ ǊŜƎƛƻƴ ǳǎŜŘ ŀǎ ŀ ŎŀǎŜ ǎǘǳŘȅΣ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ŦƛǊǎǘ ǇǊƻǾƛŘŜǎ ŀ ΨǎǘŀƴŘŀǊŘƛǎŜŘΩ ƭƛǎǘ ƻŦΥ 

¶ habitats that are exposed to the highest cumulative levels of pressure (i.e. the most potentially 

impacted habitats); and 

¶ BC that are exposed to the highest cumulative levels of pressure (i.e. the most potentially 

impacted BC). 

This approach identifies the main activities and the main pressures that bring about the main potential 

impacts on habitats and BC, and so provides an indication of those key areas where management may 
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potentially be applied (either to mitigate for key pressures or to control and reduce the occurrence of 

potentially damaging activities). 

The approach also enable for emerging pressures and associated impacts that have been overlooked 

either due to data deficiency or lack of knowledge to be singled-out and inform local-to-global policy 

and practice. 
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4. Case study  outputs  

4.1. Production of outputs  

The proposed model was applied to five case studies: the Baltic Sea, Black Sea (covering both Bulgarian, 

BG, and Ukrainian, UKR, waters), Mediterranean Sea and the Southern North Sea. Input data matrices 

were supplied by the project partners. Copies of these data are provided as Annex A.  

In the case of the Baltic and Black Seas (BGR and UKR) the data related to territorial waters plus the 

relevant Exclusive Economic Zone. For the Mediterranean Sea, data was estimated with reference to the 

whole of Mediterranean Sea (irrespective of territoriality), whilst for the Southern North Sea data 

referred to the UK Marine Region (as defined for the assessment of benthic habitats by the HBDSEG 

Feeder report for Charting Progress 2; Defra, 2010). 

Under phase one of the assessment framework (Figure 6) outputs comprising impact indices for each 

activity, pressure, habitat & BC combination (Ὅȟ ȟȟ) were produced using the Excel spreadsheet 

model. 

 

 

Figure 6: Assessment framework ς phase one (highlighted in red) 

 

4.2. Output summaries  

4.2.1. Tabulated outputs  from the first stage (generic) assessment  

The following table (Table 11) presents the calculated ὋὍ values for each activity across each of the 

case study areas. The entries are colour coded to indicate their relative signƛŦƛŎŀƴŎŜΣ ǎƘƻǿƛƴƎ ǘƘŜ ŜƴǘǊƛŜǎΩ 

relative position in the overall distribution of values seen within each study area. 
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For clarity, activities which have no impact (i.e. ὋὍ π) on any of the study areas considered have 

been omitted from the table. 

Table 11: Results of first stage (generic) assessment of the relative impact of activities across study 

areas: calculated ╖╘╪ values 
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Aquaculture (including 
marine biotechnology 
based on aquaculture) 

Fin-fish ς construction/installation of infrastructure 
   

0.009 0.009 

Fin-fish ς operational 
   

0.134 0.134 

Shellfish ς construction/installation of infrastructure 
 

0.014 0.014 0.014 0.011 

Shellfish ς operational 
 

0.051 0.101 0.101 0.101 

Fishing 

Benthic trawls and dredges ς operation 1.158 0.328 0.082 1.638 3.604 

Benthic trawls and dredges ς mooring/anchoring 0.002 0.002 0.003 0.003 0.003 

Benthic trawls and dredges ς general 0.028 0.028 0.028 0.565 0.113 

Nets (fixed/set/gillnets/other nets/lines) ς set up/recovery 0.005 0.003 
 

0.007 0.031 

Nets (fixed/set/gillnets/other nets/lines) ς operational 0.025 0.017 
 

0.502 0.150 

Nets (fixed/set/gillnets/other nets/lines) ς general 0.015 0.010 
 

0.305 0.010 

Pelagic trawls ς operations 0.037 0.221 0.736 0.221 0.294 

Pelagic trawls ς mooring/anchoring 0.001 0.001 0.002 
 

0.002 

Pelagic trawls ς general 0.028 0.169 0.565 0.169 0.019 

Potting/creeling ς set up/recovery 
   

0.001 0.008 

Potting/creeling ς operational 
   

0.024 0.143 

Potting/creeling ς general 
   

0.013 0.051 

Suction/hydraulic dredges ς operations 
   

0.099 0.397 

Suction/hydraulic dredges ς mooring/anchoring 
   

0.005 0.003 

Suction/hydraulic dredges ς general 
   

0.022 0.015 

Shipping 
Mooring/anchoring/beaching/launching 0.098 0.098 0.098 0.098 0.016 

General 0.639 1.598 3.730 1.598 0.639 

Renewable energy 

Wind farms - construction ς (installation or deinstallation of 
turbines on seafloor)     

0.027 

Wind farms ς operational (active cables laying on seafloor, 
moving turbines)     

0.068 

Tidal sluices ς operational 
    

0.114 

Non-renewable energy 
(oil, gas and hydro) 

Oil and gas ς exploration, construction, decommissioning 
 

0.029 
 

0.029 0.116 

Oil and gas ς operational 
 

0.056 
 

0.075 0.452 

Power stations (land-based, but coastal) ς construction 0.059 
  

0.020 
 

Power stations (land-based, but coastal) ς operational 
   

0.054 
 

Non-renewable energy 
(nuclear) 

Power stations (land-based, but coastal) ς operational 
    

0.092 

Telecommunications Communication cables ς laying cables 0.015 0.015 0.015 0.015 0.015 

Aggregates 

Rock/minerals; coastal quarrying ς extraction of substrate 
   

0.083 
 

Rock/minerals; coastal quarrying ς disposal of spoil/waste 
   

0.046 
 

Sand/gravel aggregates ς extraction of substrate 0.036 
 

0.863 0.072 0.863 

Sand/gravel aggregates ς disposal of spoil/waste 0.097 
 

0.626 0.052 0.579 

Navigational dredging 

Capital dredging ς extraction of substrate 0.047 
 

0.054 0.107 0.095 

Capital dredging ς disposal of spoil/waste 0.023 
 

0.023 0.047 0.047 

Maintenance dredging ς extraction of substrate 0.165 
 

0.284 0.095 0.082 

Maintenance dredging ς disposal of spoil/waste 0.093 
 

0.140 0.047 0.047 

Coastal Infrastructure 

Artificial reefs ς construction 0.020 
  

0.020 
 

Artificial reefs ς operational 0.014 
  

0.054 0.054 

Beach replenishment ς operational 0.019 0.019 0.225 0.019 
 

Culverting lagoons ς construction 
  

0.104 0.017 
 

Culverting lagoons ς operational 
  

0.459 0.077 
 

Marinas and dock/port facilities ς construction 0.095 0.024 0.356 0.143 0.024 
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Sector Activity 
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Marinas and dock/port facilities ς operational 0.140 0.070 2.100 0.840 0.140 

Land claim ς construction 
   

0.022 0.022 

Land claim ς operational 
   

0.053 0.315 

Coastal defence; sea walls/breakwaters/groynes ς construction 0.087 0.327 0.327 0.022 0.044 

Coastal defence; sea walls/breakwaters/groynes ς operational 0.054 0.813 0.813 0.325 1.898 

Land-based Industry 
Industry with discharges into rivers and coastal waters ς 
operational 

0.156 0.938 0.938 0.703 0.938 

Agriculture General 0.125 0.146 2.191 0.438 0.382 

Tourism/recreation 

Recreational angling 0.018 0.012 0.018 0.082 0.014 

Boating/yachting/diving/water sports ς mooring/anchoring/ 
beaching/launching 

0.010 0.030 0.046 0.046 0.008 

Boating/yachting/diving/water sports ς general 0.052 0.155 0.232 0.232 0.039 

Public beach ς general 0.048 0.359 0.538 0.538 1.195 

Tourist resort ς construction 0.035 0.070 0.175 0.070 
 

Tourist resort ς operational 0.063 0.630 0.946 0.378 0.042 

Military 

Operations (specific to activity but can include: seismic activities, 
sonar) 

0.018 
 

0.212 0.026 0.106 

Mooring/anchoring/beaching/launching 0.008 
 

0.098 0.012 0.008 

General 
 

0.014 0.330 0.041 0.028 

Research 

Operations 0.006 0.004 0.004 0.008 0.004 

Mooring/anchoring/beaching/launching 0.001 0.000 0.001 0.002 0.001 

General 
 

0.009 0.009 0.019 0.009 

Desalination Operational 
   

0.067 
 

Waste water 
treatment 

Operational 0.154 1.021 2.552 0.925 0.154 

Harvesting/collecting 

Bait digging 
   

0.026 0.026 

Seaweed and saltmarsh vegetation harvesting 
    

0.014 

Shellfish hand collecting 
 

0.058 0.087 0.015 0.015 

Peeler crabs (boulder turning) 
   

0.015 0.005 

Curios 
   

0.002 0.001 

Values falling in the bottom 20% of (non-zero) values seen in the study area (i.e. the lowest quintile of 

the distribution) are shaded in blue. Entries shaded in green fall within the second quintile, whilst those 

shaded orange and red fall in the third and fourth quintiles respectively. Entries shaded in purple fall 

within the top quintile (i.e. they are amongst the highest 20% of values seen within the study area) 

 

4.2.2. Tabulated outputs from the second stage (specific) assessment  

Outputs from the second stage (specific) assessment for each case study are presented below. 

Initially, the individual estimates of impact for each combination of habitat, BC, activity and pressure 

(Ὅȟ ȟȟ) were summed to derive an indication, for each study area, of the relative magnitude of the 

overall impact associated with each activity and with each pressure type. These derived values are 

presented below as Table 12 and Table 13, respectively. For clarity, zero values have been omitted from 

these tables.  
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Table 12: Overall (total) impact associated with individual activities 

Sector Activity 
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Aquaculture (including 
marine biotechnology 
based on aquaculture) 

Fin-fish ҍ operational         2.74 

Shellfish ҍ operational   1.19 2.39   2.10 

Fishing 

Benthic trawls and dredges ҍ operation 15.61 4.89 6.32 32.13 119.72 

Benthic trawls and dredges ҍ general       27.57   

Nets (fixed/set/gillnets/other nets/lines) ҍ set up/recovery       1.07   

Nets (fixed/set/gillnets/other nets/lines) ҍ operational       4.64 5.70 

Nets (fixed/set/gillnets/other nets/lines) ҍ general       7.10   

Pelagic trawls ҍ operations   4.21 8.80 3.77 17.63 

Pelagic trawls ҍ general   8.82 36.19     

Potting/creeling ҍ operational         0.49 

Shipping 
Mooring/anchoring/beaching/launching 1.60 1.72       

General 66.50 22.45 54.00 49.83 24.53 

Renewable energy 

Wind farms - operational (active cables laying on seafloor, moving 
turbines) 

        7.42 

Tidal sluices ҍ operational         0.97 

Non-renewable energy 
(oil, gas and hydro) 

Oil and gas ҍ exploration, construction, decommissioning         1.29 

Oil and gas ҍ operational         8.95 

Non-renewable energy 
(nuclear) 

Power stations (land-based, but coastal) ҍ operational         1.30 

Aggregates 
Sand/gravel aggregates ҍ extraction of substrate     5.35   17.56 

Sand/gravel aggregates ҍ disposal of spoil/waste 1.50   1.53   2.42 

Navigational dredging 
Maintenance dredging ҍ extraction of substrate 1.66         

Maintenance dredging ҍ disposal of spoil/waste  1.28         

Coastal Infrastructure 

Artificial reefs ҍ operational         1.18 

Culverting lagoons ҍ operational     0.77     

Marinas and dock/port facilities ҍ construction 1.24         

Marinas and dock/port facilities ҍ operational 3.08 10.30 23.25 17.16 1.64 

Land claim ҍ operational         0.62 

Coastal defence; sea walls/breakwaters/groynes ҍ construction 1.24 0.38       

Coastal defence; sea walls/breakwaters/groynes ҍ operational 0.78 8.62 4.25 4.68 4.93 

Land-based Industry Industry with discharges into rivers and coastal waters ҍ operational 3.49 35.01 19.20 14.34 3.71 

Agriculture General 13.32 5.81 24.02 10.13 3.76 

Tourism/recreation 

Boating/yachting/diving/water sports ҍ general 23.66 4.79       

Public beach ҍ general 1.58 6.16 17.27 6.08 0.24 

Tourist resort ҍ operational 1.95 6.79 3.98 9.77   

General   0.65 5.03     

Waste water treatment Operational 3.33 51.73 35.95 25.71 3.12 

Values falling in the bottom 20% of non-zero values seen in the study area (i.e. the lowest quintile of the 

distribution) are shaded in blue. Entries shaded in green fall within the second quintile, whilst those 

shaded orange and red fall in the third and fourth quintiles respectively. Entries shaded in purple fall 

within the top quintile (i.e. they are amongst the highest 20% of values seen within the study area) 
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Table 13: Overall (total) impact associated with individual pressures 

Pressure 
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Smothering 4.02 3.21 5.50 7.06 15.91 

Sealing/substratum loss 3.30 0.77 1.74 4.77 18.48 

Changes in siltation 12.86 16.32 18.12 19.64 20.94 

Abrasion 3.37 2.69 5.50 6.17 14.38 

Selective extraction of non-living resources 2.21 0.59 0.79 4.16 14.45 

Underwater noise 3.02 3.68 7.37 6.64 20.20 

Marine Litter 21.58 16.18 31.35 24.00 8.36 

Thermal regime changes 1.06 10.46 8.87 6.20 1.09 

Salinity regime changes 3.07 11.29 12.39 7.73 1.85 

Introduction of synthetic compounds 20.96 18.58 30.53 23.38 10.91 

Introduction of non-synthetic compounds 20.90 18.20 28.03 21.10 10.42 

Introduction of radionuclides 0.97 3.59 2.78 1.46 3.28 

Nitrogen and Phosphorus enrichment 1.37 5.85 5.83 3.98 3.00 

Input of organic matter 7.92 10.71 14.64 11.21 23.76 

Introduction of microbial pathogens 13.58 16.65 27.74 16.70 6.79 

Introduction of non-indigenous spp. and translocations 15.45 11.74 19.92 18.26 4.90 

Selective extraction of species 2.72 4.29 11.56 16.96 33.92 

Death or injury by collision 
    

4.43 

Barrier to species movement 
   

2.30 3.42 

pH changes 2.30 9.28 8.40 6.40 1.31 

Change in wave exposure 0.26 2.71 1.43 1.52 2.63 

Water flow rate changes 0.86 6.69 5.79 4.33 7.62 

Values falling in the bottom 20% of non-zero values seen in the study area (i.e. the lowest quintile of the 

distribution) are shaded in blue. Entries shaded in green fall within the second quintile, whilst those 

shaded orange and red fall in the third and fourth quintiles respectively. Entries shaded in purple fall 

within the top quintile (i.e. they are amongst the highest 20% of values seen within the study area) 

 

Subsequently, the five most impacted habitats and BC in each study area were identified by summing 
Ὅȟ ȟȟ estimates across all contributory activities and pressures for each habitat and BC in turn ς as 

outlined in phase two of the assessment framework (Figure 7). These outputs are presented as Table 14 
and Table 15, respectively. For clarity, zero values have been omitted. Also, habitats and pressures that 
did not affect the most impacted habitats or BC in any of the study areas have been omitted from the 
tables. 
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These data are also presented graphically as series of figures within Annex B. Figure 9 to Figure 13 show 

the relative contribution made by each activity to the impacts seen by the five most impacted habitats, 

whilst Figure 14 to Figure 18 show the relative contribution of different pressures. Similarly, Figure 19 to 

Figure 23 show the relative contribution made by each activity to the impacts seen by the five most 

impacted BC, whilst Figure 24 to Figure 28 show the relative contribution made by each pressure to the 

impacts seen by the most impacted BC. 

 

 

Figure 7: Assessment framework ς phase two (highlighted in red) 
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Table 14: Most impacted habitats 

Habitat 
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Littoral rock and biogenic reef 
 

10.55 
 

14.96 
 

Littoral sediment 
 

15.51 20.01 14.96 8.78 

Shallow sublittoral rock and biogenic reef 3.85 13.88 0.64 17.22 
 

Shallow sublittoral coarse sediment 8.80 15.55 21.86 17.22 18.14 

Shallow sublittoral sand 13.99 15.55 25.54 17.22 18.44 

Shallow sublittoral mud 4.17 15.55 21.32 17.22 15.28 

Shallow sublittoral mixed sediment 12.28 15.55 22.27 20.25 15.49 

Shelf sublittoral rock and biogenic reef 2.39 1.28 
 

7.89 
 

Shelf sublittoral coarse sediment 4.25 2.03 
 

7.89 16.63 

Shelf sublittoral sand 13.27 2.03 
 

19.40 13.67 

Shelf sublittoral mud 6.52 2.03 
 

19.40 8.95 

Shelf sublittoral mixed sediment 4.06 2.03 
 

19.40 12.32 

Upper bathyal rock and biogenic reef 
   

0.94 
 

Upper bathyal sediment 
   

0.94 
 

Lower bathyal rock and biogenic reef 
   

0.21 
 

Lower bathyal sediment 
   

0.21 
 

Abyssal rock and biogenic reef 
   

0.21 
 

Abyssal sediments 
   

0.21 
 

Reduced salinity water 19.97 5.78 13.80 
  

Variable salinity (estuarine) water 20.43 5.78 13.95 
 

8.49 

Marine water: coastal 16.08 38.22 55.82 8.33 44.96 

Marine water: shelf 11.74 9.59 35.19 8.33 50.87 

Marine water: oceanic 
 

2.60 17.89 1.58 
 

Shaded cells indicate the five highest overall levels of impact seen in each study area 
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Table 15: Most impacted BC 

Biodiversity component (BC) 
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Phytoplankton 4.86 4.65 9.60 0.98 4.82 

Zooplankton 4.94 4.28 8.90 0.91 4.81 

Macroalgae/angiosperms 9.62 24.27 25.46 43.91 18.31 

Benthic invertebrates (sessile) 19.34 28.34 27.11 45.16 33.09 

Benthic invertebrates (mobile) 17.38 23.25 25.00 42.06 28.14 

Fish (pelagic) 17.92 13.93 30.72 2.87 16.98 

Fish (demersal) 46.17 42.27 60.68 67.29 58.32 

Cephalopods    2.76 19.81 

Marine mammals 5.69 8.94 18.76 2.64 15.67 

Reptiles  7.45 21.39 2.98 16.49 

Birds 15.86 16.13 20.67 2.41 15.58 

Shaded cells indicate the five highest overall levels of impact seen in each study area 

 

Under phase three of the assessment framework (Figure 8) the relative contributions of each activity 
and pressure to the overall the impacts that have been estimated for the most affected habitats and BC 
(i.e. the shaded components in Table 14 and Table 15) were calculated (Table 16 to Table 19). For clarity, 
zero values have been omitted from these tables. Also, habitats and pressures that did not contribute to 
the effects on the most impacted habitats or BC in any of the study areas have been omitted from the 
tables. 

 

Figure 8: Assessment framework ς phase three (highlighted in red) 
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Table 16: Relative levels of impact of activities on top five affected habitats 

Sector Activity 
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Aquaculture (including 
marine biotechnology 
based on aquaculture) 

Fin-fish ς operational 
    

0.94 

Shellfish ς operational 
 

1.02 1.67 
 

0.72 

Fishing 

Benthic trawls and dredges ς operation 3.72 0.88 4.82 26.75 23.17 

Benthic trawls and dredges ς general 
   

22.93 
 

Nets (fixed/set/gillnets/other nets/lines) ҍ set up/recovery 
   

0.41 
 

Nets (fixed/set/gillnets/other nets/lines) ς operational 
   

1.80 2.71 

Nets (fixed/set/gillnets/other nets/lines) ς general 
   

2.76 
 

Pelagic trawls ς operations 
 

1.13 7.53 
  

Pelagic trawls ς general 
 

2.41 31.83 
  

Potting/creeling ς operational 
    

0.23 

Shipping 
Mooring/anchoring/beaching/launching 0.45 1.57 

   
General 11.86 13.57 38.45 19.59 0.84 

Renewable energy Tidal sluices ς operational 
    

0.30 

Non-renewable energy 
(nuclear) 

Nuclear power stations (land-based, but coastal) ς operational 
    

0.69 

Aggregates 
Sand/gravel aggregates ҍ extraction of substrate 

  
5.35 

 
4.91 

Sand/gravel aggregates ҍ disposal of spoil/waste 0.66 
 

1.53 
 

0.66 

Navigational dredging 
Extraction of substrate 0.83 

    
Disposal of spoil/waste 0.57 0.00 0.00 0.00 

 

Coastal Infrastructure 

Artificial reefs ς operational 
    

0.22 

Culverting lagoons ς operational 
  

0.61 
  

Marinas and dock/port facilities ς construction 0.40 
    

Marinas and dock/port facilities ς operational 0.82 7.02 4.94 4.90 0.49 

Land claim ς operational 
    

0.62 

Coastal defence - sea walls/breakwaters/groynes ς construction 0.40 0.25 
   

Coastal defence - sea walls/breakwaters/groynes ς operational 0.22 5.01 0.33 1.34 4.93 

Land-based Industry Discharges into rivers and coastal waters ς operational 0.91 15.92 9.12 4.10 1.48 

Agriculture General 0.46 4.50 9.54 1.85 1.00 

Tourism/recreation 

Boating/yachting/diving/water sports ς general 2.88 2.95 
   

Public beach ς general 0.59 4.54 9.97 1.74 0.24 

Tourist resort ς operational 0.70 4.14 2.33 2.79 
 

Military General 
 

0.65 3.28 
  

Waste water treatment Operational 1.17 34.86 29.38 4.70 1.24 

Shaded cells indicate the ten highest overall levels of impact from individual activities seen in each study 

area 
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Table 17: Relative levels of impact of pressures on top five affected habitats 

Pressure 
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Smothering 1.29 1.99 3.69 4.38 3.89 

Sealing/substratum loss 0.93 0.19 1.52 3.97 4.07 

Changes in siltation 3.14 9.65 10.57 8.21 5.33 

Abrasion 1.03 1.66 3.05 3.70 3.58 

Selective extraction of non-living resources 0.56 0.11 0.60 3.46 2.95 

Underwater noise 0.80 2.13 4.57 3.25 2.50 

Marine Litter 3.52 9.21 20.68 10.88 0.70 

Thermal regime changes 0.31 6.31 4.93 1.48 0.43 

Salinity regime changes 0.38 6.96 6.31 1.76 0.62 

Introduction of synthetic compounds 3.41 10.96 20.33 9.79 1.62 

Introduction of non-synthetic compounds 3.42 10.61 19.89 8.96 1.47 

Introduction of radionuclides 0.37 1.63 1.75 0.42 0.91 

Nitrogen and Phosphorus enrichment 0.20 3.28 3.73 0.80 0.26 

Input of organic matter 1.38 6.46 9.77 4.57 4.16 

Introduction of microbial pathogens 1.85 9.83 18.35 6.69 0.63 

Introduction of non-indigenous spp. and translocations 2.75 7.41 13.84 8.40 0.46 

Selective extraction of species 0.63 1.08 9.97 10.91 5.34 

Death or injury by collision 
    

0.07 

Barrier to species movement 
   

0.89 0.71 

pH changes 0.36 5.68 4.99 1.49 0.47 

Change in wave exposure 0.07 1.56 0.22 0.43 2.24 

Water flow rate changes 0.23 3.71 1.90 1.24 2.96 

Shaded cells indicate the five highest overall levels of impact from individual pressures seen in each 

study area 

 

  



Deliverable 1.2: Report on sea-specific matrices of pressure-impact links 

38 

Table 18: Relative levels of impact of activities on top five affected BC 

Sector Activity 
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Aquaculture (including 
marine biotechnology 
based on aquaculture) 

Fin-fish ҍ operational 
    

1.36 

Shellfish ҍ operational 
 

1.01 1.94 
 

1.02 

Fishing 

Benthic trawls and dredges ҍ operation 10.03 4.24 6.11 32.13 56.69 

Benthic trawls and dredges ҍ general 
   

27.57 
 

Nets (fixed/set/gillnets/other nets/lines) ҍ set up/recovery 
   

1.07 
 

Nets (fixed/set/gillnets/other nets/lines) ҍ operational 
   

4.64 3.50 

Nets (fixed/set/gillnets/other nets/lines) ҍ general 
   

7.10 
 

Pelagic trawls ҍ operations 
 

1.52 3.21 1.00 1.60 

Pelagic trawls ҍ general 
 

3.48 18.14 
  

Potting/creeling ҍ operational 
    

0.21 

Shipping 
Mooring/anchoring/beaching/launching 1.09 1.08 

   
General 22.39 17.44 25.30 48.73 3.64 

Renewable energy 

Wind farms ҍ operational (active cables laying on seafloor, moving 
turbines)     

1.23 

Tidal sluices ҍ operational 
    

0.25 

Non-renewable energy 
(oil, gas and hydro) 

Oil and gas ҍexploration, construction, decommissioning 
    

0.40 

Oil and gas ҍ operational 
    

2.18 

Non-renewable energy 
(nuclear) 

Nuclear power stations (land-based, but coastal) ҍ operational 
    

0.48 

Aggregates 
Sand/gravel aggregates ҍ extraction of substrate 

  
5.35 

 
6.49 

Sand/gravel aggregates ҍ disposal of spoil/waste 0.99 
 

1.20 
 

0.86 

Navigational dredging 
Extraction of substrate 1.16 

    
Disposal of spoil/waste 0.84 

    

Coastal Infrastructure 

Artificial reefs ҍ operational 
    

0.63 

Culverting lagoons ҍ operational 
  

0.72 
  

Marinas and dock/port facilities ҍ construction 0.64 
    

Marinas and dock/port facilities ҍ operational 1.30 8.94 19.41 17.16 0.41 

Land claim ҍ operational 
    

0.35 

Coastal defence - sea walls/breakwaters/groynes ҍ construction 0.64 0.35 
   

Coastal defence - sea walls/breakwaters/groynes ҍ operational 0.43 7.03 3.08 4.68 3.03 

Land-based Industry Discharges into rivers and coastal waters ҍ operational 1.49 24.75 16.77 14.34 1.71 

Agriculture General 2.93 3.46 18.12 7.64 1.51 

Tourism/recreation 

Boating/yachting/diving/water sports ҍ general 8.98 4.66 
   

Public beach ҍ general 0.75 4.77 14.20 6.08 0.14 

Tourist resort ҍ operational 0.92 6.62 3.35 9.77 
 

Military General 
 

0.23 2.99 
  

Waste water treatment Operational 1.56 44.68 29.10 19.49 1.48 

Shaded cells indicate the ten highest overall levels of impact from individual activities seen in each study 

area 
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Table 19: Relative levels of impact of pressures on top five affected BC 

Pressure 
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Smothering 2.84 2.84 5.03 7.06 9.29 

Sealing/substratum loss 2.04 0.72 1.68 4.77 8.97 

Changes in siltation 6.60 13.98 12.86 19.06 10.36 

Abrasion 2.27 2.35 4.99 6.17 8.22 

Selective extraction of non-living resources 1.34 0.54 0.77 4.16 6.82 

Underwater noise 1.60 2.25 5.36 6.03 5.71 

Marine Litter 5.92 12.12 19.25 23.74 1.18 

Thermal regime changes 0.48 8.41 7.43 5.52 0.46 

Salinity regime changes 0.93 8.89 10.15 6.68 0.74 

Introduction of synthetic compounds 7.41 14.04 18.81 21.90 2.85 

Introduction of non-synthetic compounds 7.40 13.83 16.81 19.62 2.67 

Introduction of radionuclides 0.54 2.54 2.48 1.46 1.08 

Nitrogen and Phosphorus enrichment 0.57 4.47 4.08 3.12 0.82 

Input of organic matter 3.55 8.62 10.79 9.64 9.02 

Introduction of microbial pathogens 3.12 12.47 16.87 15.40 1.12 

Introduction of non-indigenous spp. and translocations 6.39 9.31 13.07 17.49 1.23 

Selective extraction of species 1.64 2.12 5.84 15.85 11.59 

Death or injury by collision 
    

0.79 

Barrier to species movement 
   

2.30 0.95 

pH changes 0.94 7.47 6.94 5.57 0.71 

Change in wave exposure 0.15 2.17 1.04 1.52 1.55 

Water flow rate changes 0.42 5.12 4.73 4.33 3.05 

Shaded cells indicate the five highest overall levels of impact from individual pressures seen in each 

study area 
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5. Conclusions and recommendations  

5.1. Conclusions  

5.1.1. The bas is for assessment  

The requirements for marine assessments are based on several main drivers: 

¶ a plethora of international, EU and regional commitments and aspirations for healthy seas and 

productive oceans (including, inter alia, the Convention on Biological Diversity, various regional 

sea conventions, the Marine Strategy Framework Directive); 

¶ the need to include spatial management and elements of prioritisation in conservation planning 

(e.g. EU MSP, Micheli et al., 2013); 

¶ the desire to employ the ecosystem approach in the management of human activities (e.g. 

UNEP/MAP 2012); and 

¶ the need to develop principles of integrated monitoring and large scale approaches for effective 

and cost efficient assessment and implementation of management strategies (Zampoukas et al., 

2013). 

Whilst this set of drivers has led to the development of a variety of relevant tools, such development has 

been against the backdrop of various challenges (Borja, 2014, Borja et al., 2014). Throughout, data 

availability has dictated the adoption of one of two possible approaches; a data-dependent geospatial 

ǇƭŀƴƴƛƴƎ ǊƻǳǘŜ ƻǊ ŀ ΨōŜǎǘ ŀǾŀƛƭŀōƭŜ ŘŀǘŀΩΣ ŜȄǇŜǊǘ ƻǇƛƴƛƻƴ ǊƻǳǘŜΦ 

5.1.2. The DEVOTES model 

There are numerous conceptual and methodological tools available that can be applied to marine 

assessment (e.g. DPSIR/DAPSW(I)R and other related frameworks), although tasks such as the 

assessment of cumulative impacts of human pressures are usually supported through the application of 

spatially explicit tools (e.g. Stelzenmüller et al., 2010, 2012). A recent EU project (MESMA) focused on 

the monitoring and evaluation of spatially managed areas (SMA) and the mapping and assessment of 

ecosystem components and human pressures. A series of nine European case studies were showcased 

by MESMA (Stelzenmüller et al., 2012) and the uǎŜ ƻŦ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ƳŀƴŀƎŜƳŜƴǘ Ψǘƻƻƭ ōƻȄΩ ŦƻǊ {a! - 

combining science and governance, within an over-arching assessment framework that includes a 

geodata portal with pressure and impact maps ς was explored. There are, however, numerous regional 

examples of the spatial data approach of overlapping threats with habitats and activities (e.g. Coll et al., 

2012) with perhaps the most recent and data intensive being the one developed for JNCC for UK marine 

regions (Barnard et al., 2015). The latter uses spatial data for a range of activities and relates these to 
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pressures and impacts through a series of interlinked matrices. Another recent exposure-effect 

approach for assessing ecosystem-wide risks from human activities (Knights et al., 2015) is 

demonstrated for four regional seas based on a pressure assessment (Robinson et al., 2013) and a set of 

matrices linking activities, pressures and biodiversity components (Koss et al., 2011, Knights et al., 

2013). This latter approach is based on expert knowledge and categorical data (e.g. the extent of 

activities and resulting pressures are recorded as widespread, local or site specific rather than as 

quantitative estimates of area). The aim of the work was to evaluate the risk of an adverse ecological 

impact from current human activities on a suite of ecological components and, once impacted, the time 

required for recovery to pre-impact conditions should those activities subside. Whilst the DEVOTES 

approach presented in this deliverable is also based on a qualitative expert judgment assessment of 

impact chains and shares some of the background matrices and linkage thinking outlined by Knights et 

al., 2015, it embodies a different paradigm and is based on an alternative fundamental framework. 

Methodologically, the DEVOTES model allows for increased precision in inputs (and hence confidence in 

outputs) over that seen for other approaches. For example, categories used to define the spatial overlap 

of habitats and human marine activities in the DEVOTES approach allow for overlap to be recorded in six 

classes; whilst the resulting potential for impact due to any such overlap can be assigned to one of five 

classes. In addition, the model (through the introduction of the PEC factors) effectively weights certain 

pressures, allowing them to impact across a larger footprint than the activity they originate from (e.g. 

extent of noise or litter on the environment arising from shipping is modelled to spread/dissipate 

beyond the shipping lanes). 

The major differences, however, lie in: the use of expert judgement; the two-stage approach that 

underlies the modelling; and the scalability of application. 

¶ By relying on expert judgement rather than empirical data, the model not only avoids potential 

pitfalls in areas where detailed spatial habitat data are not available (e.g. in parts of the 

Mediterranean Sea and the Black Sea) but also permits scenario modelling, presenting a robust 

framework for combining existing information on the sensitivity of species/habitats allowing 

predictions of ecosystem status to be generated from manipulated scenarios. For example, 

expert judgement on how climate change (or the application of management options) might 

affect the spatial distribution of human marine activities can be used to model different 

scenarios. With particular regard to climate change, judgement on the likely changes in the 

resilience of biodiversity components in different habitats, or the degree of impact of pressures 

on biodiversity components, can be accommodated. Equally, changes in factors such as thermal 

regimes, the incidence of non-indigenous species, or changes in the extent of coastal defence 

works (sea walls and or breakwaters) can also be considered. 
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¶ The first generic stage of the modelling (analogous to a high level threat risk-assessment 

approach) identifies the most damaging activities and pressures based on expert judgement. 

This removes the need for the collation of detailed data for activities that, ultimately, are likely 

to contribute only a relatively small amount to any overall impacts seen. The need for more 

ŘŜǘŀƛƭŜŘ ŜȄǇŜǊǘ ƧǳŘƎŜƳŜƴǘ Ŏŀƴ ŜŦŦŜŎǘƛǾŜƭȅ ōŜ ŘƛǊŜŎǘŜŘ ǘƻǿŀǊŘǎ ŀ ǎǳōǎŜǘ ƻŦ ΨǇǊƛƻǊƛǘȅΩ ŀŎǘƛǾƛǘƛŜǎΦ 

¶ Finally, the model can be applied at a range of scales (e.g. from smallςscale local embayments, 

through marine basins and up to regional seas or portions thereof). 

The modelling approach that has been adopted here is holistic, in the sense that not only does it 

encompass all seabed types (rather than a selected subset of habitat types) but it also integrates across 

the full suite of extant activities and pressures. Overall, the model considers a total of 84 activities, 22 

pressures, 23 habitats and 11 Biodiversity components (BC), initially calculating a linkage network 

describing a total of 467,544 separate impact values. Whilst the generic model allows key activity 

sectors (those contributing most to the overall levels of pressure) to be identified, the subdivision of 

each sector into individual activities enables users to identify management options specific to particular 

activities rather than whole sectors. At the same time, the model structure allows particular emphasis to 

be placed on specific habitats, where the management of activities and pressures can potentially bring 

about substantial beneficial changes in their status (e.g. shifting from unfavourable to good 

conservation status). In addition to consideration of impacts on habitats, emphasis is also given to the 

likely levels of impact experienced by biodiversity components, again allowing subsequent measures 

and actions to be directed where risk for harm is greater. The approach also enables new pressures and 

associated impacts that have, to date, been overlooked - either due to data deficiency or lack of 

knowledge - to be easily included in future assessments of cumulative impact.  

The linked matrices that underpin the model are based on the generalised response of ecosystems to 

given stressors. However, as the degree of impact will, inter alia, depend on the history of exposure to 

activities and pressures (leading, for example, to different degrees of habitat deterioration) local 

knowledge can be taken into consideration in the first stage of the model, leading to the selection of the 

most affected habitats and priority biodiversity components. Thus the model framework is able, whilst 

being applied at pan-European scale, to identify and prioritise sectors and pressures that are of region-

specific concern - as demonstrated by the tabular and graphical representation of the results in the 

Deliverable. 

Application of the model has necessitated a number of assumptions and there are, inevitably, a number 

of limitations to the approach. For example, only the direct (linear) effects of pressures on habitats and 

biodiversity components are considered, despite the fact that indirect effects can play an important role 
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in the functioning of an ecosystem (e.g. Montoya et al., 2006), while many of the responses that result 

may be non-linear (Duarte et al., 2008). 

Although the method considers a suite of 22 endogenic managed pressures, it is acknowledged that 

marine systems are also subject to a number of exogenic unmanaged pressures and these are not taken 

into consideration. 

The model assumes that cumulative risk is additive; in practice interactions may be additive, synergistic 

or antagonistic but our ability to predict the type of interaction that will occur is limited as the 

interaction of multiple stressors on marine ecosystems is poorly understood (Crain et al., 2008). As a 

result, the method may over- or under-estimate the cumulative risk depending on the set of stressors 

occurring in the selected study region. 

5.1.3. The DEVOTES model outputs 

The DEVOTES model has been successfully trialled on a series of five case studies and the outputs 

presented in this deliverable. 

Due to time constraints it has not been possible to undertake a detailed review of these outputs but, in 

overview, the ƻǳǘǇǳǘǎ ŀǊŜ ƛƴ ƎŜƴŜǊŀƭ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ŀǳǘƘƻǊǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŎǳǊǊŜƴǘ 

environmental states and challenges as seen at the level of major regional resources (e.g. UNEP/MAP 

2012, Black Sea Commission SoE, 2009 and the recently revised version). 

5.2. Further work  

As it is currently presented, the model does not require estimates of the spatial extent of habitat types. 

The absence of this information means that, within the model and its outputs, all habitats are effectively 

considered with equal weighting. This situation reflects the application of the MSFD, where the extent 

of a habitat is not of primary concern but the status of each habitat (with respect to the attainment of 

GES) is of fundamental importance. 

However, one of the challenges for European Regional Seas lies in the alignment of the sustainable use 

of marine resources with the maintenance of ecosystem health and functioning, as demanded by the 

MSFD, while the ecosystem-based MSP approach (EU Directive, 2014) requires robust estimates of the 

risks of adverse effects of cumulative human pressures on the marine environment at meaningful 

ecological scales (Stelzenmüller et al., 2015). 

A possible future step to address this demand would be to marry the expert judgement assessment with 

quantitative (e.g. GIS-based) measures of habitat extent which would allow more accurate application of 

the models, especially in circumstances where there is a high degree of spatial variability of habitat 

(when assessed at a relatively small scale). 
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Finally, Stelzenmüller et al. (2015) suggest that uncertainty should be recognised and constructively 

handled for any risk assessment framework. In line with this, the modelling approach outlined here 

could usefully be coupled with assessments of the uncertainty associated with each set of model inputs 

so as to provide a more balanced and informative set of outputs when applied to specific case studies. 
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ANNEX A INPUT DATA 

A.1 Introduction 

The following tables present the inputs that have been used in the current study to support each of the 

case studies. 

For each of the five case study areas the initial (expert judgement) data for: 

activity extent, ὃὉ; 

activity frequency, ὃὊ; 

generic impact potential, ὋὍὖȟ; 

pressure extent coefficient, ὖὉὅȟ; 

activity-habitat spatial overlap, ὃὌὛὕȟ; 

resilience, Ὑȟ ; and 

degree of impact, ὈέὍȟ  

that have been used with the proposed models are presented. 
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A.2 Activity extent, activity frequency and generic impact potential 

Table 20: Input matrices for Baltic Sea case study; ═╔╪, ═╕╪, and ╖╘╟▬ȟ╪ 
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aquaculture-based 
marine biotech) 

Fin-fish - construction/installation of infrastructure 
  

2 1 2 2 
 

1 2 
  

1 1 
     

1 
     

Fin-fish - operational   1  3 1  2 2   3 3  2 4 4 2    1   
Macro-algae - construction/installation of infrastructure   2 1 2 2  1 2   1 1            
Macro-algae - operational   1  1 1  2 2   2   3 2 2 2 1      
Shellfish - construction/installation of infrastructure   2 1 2 3  1 2   1 1      2      
Shellfish - operational 

  
1 

 
3 1 

 
2 2 
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4 4 2 

      

Fishing 

Benthic trawls and dredges - operation 3 3 1 
 

4 4 1 3 
       

2 
  

4 
     

Benthic trawls and dredges - mooring/anchoring 1 3 1  1 1  1                 
Benthic trawls and dredges - general 1 3       3   1 3    1 1 1      
Nets (fixed/set/gillnets/other nets/lines) - set up/recovery 1 3 1   1  2                 
Nets (fixed/set/gillnets/other nets/lines) - operational 1 3              2   4  1    
Nets (fixed/set/gillnets/other nets/lines) - general 1 3 
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Pelagic trawls - operations 1 3 
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Pelagic trawls - mooring/anchoring 1 3 1   1  1                 
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Renewable energy 
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Coastal Infrastructure 

Artificial reefs - construction 1 1 4  3 4  3                 
Artificial reefs - operational 1 1   1                  4 4 
Beach replenishment - operational 1 1 4  4   3               2  
Culverting lagoons - construction 

  
3 2 4 2 

 
3 

                
Culverting lagoons - operational 

    
1 

    
3 4 

           
2 4 

Marinas and dock/port facilities - construction 1 4 3 4 3 4  3                 
Marinas and dock/port facilities - operational 1 4   3 1  3 3 1 2 3 3    3 4      4 
Land claim - construction   4 4 3 3  2                 
Land claim - operational                       4 4 
Coastal defence - sea walls/breakwaters/groynes - construction 1 4 4 4 3 2 

 
3 

                
Coastal defence - Sea walls/breakwaters/groynes - operational 1 4 

  
1 

                 
4 4 

Land-based Industry Industry with discharges into rivers and coastal waters - operational 1 4   3    1 3 3 4 4 1 3 2 2     4  1 

Agriculture 
Deforestation                         
General 1 3   3      4 4 2  4 4 4     2   

Tourism/recreation 

Recreational angling 1 4   1 1  1 2          2      
Boating/yachting/diving/water sports - 
mooring/anchoring/beaching/launching 1 4   1 1  2               2  
Boating/yachting/diving/water sports - general 1 4       3   2 2   2  3       
Public beach - general 1 4 1   1  1 4       3         
Tourist resort - construction 1 3 2 1 3 2  2 2   1 1          2  
Tourist resort - operational 1 3 1 

 
2 

   
4 

  
1 1 

 
1 3 4 

    
1 

  

Military 
Operations (specific to activity but can include: seismic activities, sonar) 1 2 

 
1 2 

  
2 

   
2 2 2 

      
2 

   
Mooring/anchoring/beaching/launching 1 2 1  2 2  1                 
General         2   1 3    3 3       

Research Operations 1 3 1  1 1 1 1           1      
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Mooring/anchoring/beaching/launching 1 3    1  1                 
General 

           
1 1 

   
1 3 

      
Desalination Operational 

    
1 

    
3 4 2 1 

  
2 

     
2 

  
Waste water 
treatment 

Operational 1 4 
  

3 
    

3 4 2 2 
 

4 4 4 1 
   

1 
  

Harvesting/collecting 

Bait digging   2  3 2             2      
Seaweed and saltmarsh vegetation harvesting 

  
2 1 2 2 

            
2 

   
1 

 
Bird eggs 

  
1 

  
1 

            
2 

     
Shellfish hand collecting   2  2 2             2      
Peeler crabs (boulder turning)   2  1 2             2      
Curios      1             1      
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Table 21: Input matrices for Black Sea (BG) case study; ═╔╪, ═╕╪, and ╖╘╟▬ȟ╪ 
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Aquaculture (inc. 
aquaculture-based 
marine biotech) 

Fin-fish - construction/installation of infrastructure     2 1 2 2   1 2     1 1           1           
Fin-fish - operational     1   3 1   2 2     3 3   2 4 4 2       1     
Macro-algae - construction/installation of infrastructure     2 1 2 2   1 2     1 1                       
Macro-algae - operational     1   1 1   2 2     2     3 2 2 2 1           
Shellfish - construction/installation of infrastructure 1 1 3 1 2 3   1 2     1           2 1           
Shellfish - operational 1 2 1   3 1   2 2     2       4 4 2             

Fishing 

Benthic trawls and dredges - operation 2 2 1 2 4 4 1 3               2     4           
Benthic trawls and dredges - mooring/anchoring 1 2       1   1                                 
Benthic trawls and dredges - general 1 3             3     1 3       1 1 1           
Nets (fixed/set/gillnets/other nets/lines) - set up/recovery 1 2           2                                 
Nets (fixed/set/gillnets/other nets/lines) - operational 1 2                           2     4   1       
Nets (fixed/set/gillnets/other nets/lines) - general 1 2             3     1             1   1       
Pelagic trawls - operations 2 3           3             1 2     4           
Pelagic trawls - mooring/anchoring 1 3           1                                 
Pelagic trawls - general 2 3             3     1 3       1 1 1           
Potting/creeling - set up/recovery               1                                 
Potting/creeling - operational                               2     4           
Potting/creeling - general                 3                   1           
Suction/hydraulic dredges - operations     3 2 4 4   4               2     4           
Suction/hydraulic dredges - mooring/anchoring     1   1 1   1                                 
Suction/hydraulic dredges - general     1           2     1 3       1 1             

Shipping 
Mooring/anchoring/beaching/launching 2 4 1   2 2   1                                 
General 3 4     3       4     1 4       2 4             

Renewable energy 

Wind farms - construction - installation/deinstallation of turbines on 
seafloor     4 4 3 4   2       2 1             1         
Wind farms - operational (active cables laying on seafloor, moving 
turbines)               4                       4 1     3 
Wave energy - construction, cable laying, decommissioning     3 2 1 3   1       1 1             1         
Wave energy - operational         3                             1 1   4 4 
Tidal sluices - construction     4 4 3 4   2       1 1                       
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Tidal sluices - operational         3           2                 3 4   4 4 
Tidal barrages - construction     4 4 3 4   2       1 1                       
Tidal barrages - operational         3           3                 3 4   4 4 

Non-renewable 
energy (oil, gas and 
hydro) 

Oil and Gas -exploration, construction, decommissioning 1 1 4 2 3 4 1 2       1 4             2         
Oil and Gas - operational 1 3     1       3     2 4     1 1     3       2 
Hydro - operational         1     1     1                   4     4 
Power stations (land-based, but coastal) - construction     4 4 3 2 1 1 1     1                         
Power stations (land-based, but coastal) - operational         1         4 1 1 2                     3 

Non-renewable 
energy (nuclear) 

Power stations (land-based, but coastal) - construction     4 4 3 2 1 1 1     1                         
Power stations (land-based, but coastal) - operational         1         4 1 1 2 4                   4 

Telecommunications 
Communication cables - laying cables 1 1 3 1 2 3   2 3                     1         
Communication cables - active/operational 1 1                                             

Aggregates 

Maerl - extraction of substrate     2 4 4 4 4 4               1     1         1 
Maerl - disposal of spoil/waste     3 4 4     2               1                 
Rock/Minerals - coastal quarrying - extraction of substrate     2 4 3 4 4 2       1 1 1                   1 
Rock/Minerals - coastal quarrying - disposal of spoil/waste     3 4 3     2                                 
Sand/gravel aggregates - extraction of substrate     2 4 4 4   4       1 3 2   2               1 
Sand/gravel aggregates - disposal of spoil/waste     3 4 4     2       1 3 2   2                 

Navigational 
dredging 

Capital dredging - extraction of substrate     2 4 4 4 4 4       3 3 2   3               4 
Capital dredging - disposal of spoil/waste     3   4     2       3 3 2   2                 
Maintenance dredging - extraction of substrate     2 4 4 4 4 4       3 3 2   3                 
Maintenance dredging - disposal of spoil/waste     3   4     2       3 3 2   2                 

Coastal Infrastructure 

Artificial reefs - construction     4   3 4   3                                 
Artificial reefs - operational         1                                   4 4 
Beach replenishment - operational 1 1 4   4     3                             2   
Culverting lagoons - construction     3 2 4 2   3                                 
Culverting lagoons - operational         1         3 4                       2 4 
Marinas and dock/port facilities - construction 1 1 3 4 3 4   3                                 
Marinas and dock/port facilities - operational 1 2     3 1   3 3 1 2 3         3 4           4 
Land claim - construction     4 4 3 3   2                                 
Land claim - operational                                             4 4 
Coastal defence - sea walls/breakwaters/groynes - construction 3 1 4 4 3 2   3                                 
Coastal defence - Sea walls/breakwaters/groynes - operational 3 4     1                                   4 4 

Land-based Industry Industry with discharges into rivers and coastal waters - operational 2 4     3       1 3 3 4 4 1 3   2         4   1 
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Agriculture 
Deforestation                                                 
General 1 4     3           2 4 2   4 4 4         2     

Tourism/recreation 

Recreational angling 1 2     1 1   1 2                   2           
Boating/yachting/diving/water sports - 
mooring/anchoring/beaching/launching 2 2     1 1   2                             2   
Boating/yachting/diving/water sports - general 2 2             3     2 2     2   3             
Public beach - general 3 2 1     1   1 4             3                 
Tourist resort - construction 2 1 2 1 3 2   2 2     1 1                   2   
Tourist resort - operational 3 2 1   2       4       1   1 3 4         1     

Military 

Operations (specific to activity but can include: seismic activities, sonar)       1 2     2       2   2             2       
Mooring/anchoring/beaching/launching     1   2 2   1                                 
General 1 1             2     1 3       3 3             

Research 

Operations 1 2 1   1 1   1                     1           
Mooring/anchoring/beaching/launching 1 1           1                                 
General 1 2                   1         1 3             

Desalination Operational         1         3 4 2 1     2           2     
Waste water 
treatment Operational 2 4     3         4 4 2 2   4 4 4 1       1     

Harvesting/collecting 

Bait digging     2   3 2                         2           
Seaweed and saltmarsh vegetation harvesting     2 1 2 2                         2       1   
Bird eggs     1     1                         2           
Shellfish hand collecting 2 2     2 2                         2           
Peeler crabs (boulder turning)     2   1 2                         2           
Curios           1                         1           
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Table 22: Input matrices for Black Sea (UKR) case study; ═╔╪, ═╕╪, and ╖╘╟▬ȟ╪ 
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Aquaculture (inc. 
aquaculture-based 
marine biotech) 

Fin-fish - construction/installation of infrastructure 
  

2 1 2 2 
 

1 2 
  

1 1 
     

1 
     

Fin-fish - operational 
  

1 
 

3 1 
 

2 2 
  

3 3 
 

2 4 4 2 
   

1 
  

Macro-algae - construction/installation of infrastructure 
  

2 1 2 2 
 

1 2 
  

1 1 
           

Macro-algae - operational 
  

1 
 

1 1 
 

2 2 
  

2 
  

3 2 2 2 1 
     

Shellfish - construction/installation of infrastructure 1 1 3 1 2 3 
 

1 2 
  

1 
     

2 1 
     

Shellfish - operational 1 4 1 
 

3 1 
 

2 2 
  

2 
   

4 4 2 
      

Fishing 

Benthic trawls and dredges - operation 1 3 1 2 4 4 1 3 
       

2 
  

4 
     

Benthic trawls and dredges - mooring/anchoring 1 4 
   

1 
 

1 
                

Benthic trawls and dredges - general 1 3 
      

3 
  

1 3 
   

1 1 1 
     

Nets (fixed/set/gillnets/other nets/lines) - set up/recovery 
       

2 
                

Nets (fixed/set/gillnets/other nets/lines) - operational 
               

2 
  

4 
 

1 
   

Nets (fixed/set/gillnets/other nets/lines) - general 
        

3 
  

1 
      

1 
 

1 
   

Pelagic trawls - operations 3 4 
     

3 
      

1 2 
  

4 
     

Pelagic trawls - mooring/anchoring 1 4 
     

1 
                

Pelagic trawls - general 3 4 
      

3 
  

1 3 
   

1 1 1 
     

Potting/creeling - set up/recovery 
       

1 
                

Potting/creeling - operational 
               

2 
  

4 
     

Potting/creeling - general 
        

3 
         

1 
     

Suction/hydraulic dredges - operations 
  

3 2 4 4 
 

4 
       

2 
  

4 
     

Suction/hydraulic dredges - mooring/anchoring 
  

1 
 

1 1 
 

1 
                

Suction/hydraulic dredges - general 
  

1 
     

2 
  

1 3 
   

1 1 
      

Shipping 
Mooring/anchoring/beaching/launching 2 4 1 

 
2 2 

 
1 

                
General 5 4 

  
3 

   
4 

  
1 4 

   
2 4 

      

Renewable energy 

Wind farms - construction - installation/deinstallation of turbines on 
seafloor   

4 4 3 4 
 

2 
   

2 1 
      

1 
    

Wind farms - operational (active cables laying on seafloor, moving 
turbines)        

4 
           

4 1 
  

3 

Wave energy - construction, cable laying, decommissioning 
  

3 2 1 3 
 

1 
   

1 1 
      

1 
    

Wave energy - operational 
    

3 
              

1 1 
 

4 4 
Tidal sluices - construction 

  
4 4 3 4 

 
2 

   
1 1 

           
























































































































