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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 vigispoke software (developed using MS Excel) to run the

models.

The physical, chemical and biological componeatsnarine systers are linked by manynterrelated
processesvhich are, in turn, affected by a wide rangehafman activities The cumulativeimpacts of

such activities will vargccording ta(inter alia)the intensity, number andboth the spatial and temporal
scales of the associated pressurgfe study and management of marine systems therefore requires
information on the links between these hum activities andi KS WLINE 6 f ScYirat€msioK I
effects on structure, functioning and biodiversity, across different regional seas in a changing world.
Within a wider framework oRisk Assessmemind Risk Managementthe process oRisk Assessment

(i.e. determininghe causeand consequencef marine problems) requires that risks bemmarisel and
explaired, allowinga problem to be deconstructethiefore each aspects assessed, prioritised and

addressed.

To help address such Risk égsnent requirements in circumstances where the availability of empirical
data is limited a simple twstage model has been developed and is described here. Outputs from the
model - assessments of the relative impact of a range of anthropogenic pressadetha contribution

made by different human marine activitieare presented.

Within DEVOTE®art of the overarching objective for work package WiB1lo determine the relative
contribution of human pressures to the status/changes of biodiverstiist recognisinghe challenges

of shifting baselinesinder climate changeconditions 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 mel described herdirectly addresses these elements of the objective.

Many examples of activity impact studiase based on a SIG#¥pe approachUnlike mostexamplesof
geospatially derivedpressure assessmemnodels in the literature this current SICAbased study
employs relatively largscale data derived from expert judgement, rather than relying on ssaalle
(Glsderived) data. This avoids one of the drawbacks often encountered in attempts to nibdel
impacts of marine pressures brought about lbyiman activity that of data availability. More
importantly, the approach adopted here allows for scenario testing,wihich expert judgement
regarding future marine conditions can be entered to the mlotteprovide predictive outputg; an
approach whichdsters adaptive management addition, the model can be applied across a range of

spatialscales.

- NJ
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Model outputs for five case studies across the EINE Ay ISy SNIf [ INBSYSyi
understanding of current environmental states and challengessseen at the level of major regional
resources In this context, the model iassumed to perform coherently, and its adoption and further

development should be encouraged.

The model outputs provide a basis for identifythgse activitieswithin a defired marine region or area
that are mostresponsible for potential impacten Marine Strategy Framework Directivé1$FD
predominant habitat typesHaving identified those activities likely to be responsible for failures to
achieve Good Environmental Sta{@ES) within the implementation of théASFD, focussed

consideration cathen be given tathe development omanagement options for selected activities.

The approach developed here allows the incorporation of information derived from expert judgement,
makirg it readily applicable to situations where empiri¢@étailed geo-spatial information on habitat

type and distributiorare not available.

Whilst recognising the value of expert judgemettite model provides an initial (generic) assessment
that subsequetly 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 judgementfadgibates its application to
hypothetical or projected scenarios, such as those associated with-{aeeae) instances of elevated

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

Recommendationfor further refinement ancapplication of the model are provided.
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1. Introduction

1.1. Objectives

2 AG0KAY 59xh¢9{3> (GKS 2@SNINOKAy3a 202SOGABS F2N 4+
OKIy3aSQ A& G2 RSGSN¥YAYS (GKS NBtFGAGBS O2y (NAOdziA
biodiversity, our current understanding anchonitoring adequacy, and the challenges of shifting
baselinesunder climate changeconditions Within this high level objective, Specific Objective 1.1 is to
W5STAYS YR RSNAGS YSOKIyAaAavya FyR (G22fta F2N SgI

z A A =

prea adzNBad 2y O0A2RAGSNEBAGET G(G23a3SUKSNI gAGK (K STFFSOI

The marine system isighly complex its physical, chemical and biological componebésng linked by

many interrelated processesWhilst a wide range dfiuman activities exert pressusen this complex
environment their cumulativeimpacts will varyaccording to(inter alia)the intensity, number andboth

the spatial and temporal scales of the associated press(Besthet al., 2014) There is an increasing

need to demonstrate, quantiffand 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 &nd S WLINE 6 fis&cYiii Q (G K I
terms ofeffects 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 (Cormielet al., 2013). To support this procesgnceptual 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, prioritisadd addressed (Elliott, 2002n terms of Risk Management, these
modelsprovide the basis for communicating messagemanagers 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 activitiesttare likely to contribute most to failures to
achieve Good Environmental Sta{@ES) within the implementation of tidarine Strategy Framework
Directive (MSFD3gllowingconsiderationto be given todeveloping and applying strategicanagement

optionsfor selected activities.

In support ofSpecific ®jectivel1.1, the current report (D1.2) has been produced to descrénad link,
seaspecific matrices of pressuimpactrelationships Work on this was based on Tasks 1.1.1 and 1.1.2,
and on existing actity-pressureimpact chains. The resultantodel,which allowshe effects ofmoving

baselineqdue, for exampleto climate changgto be incorporated,has been developed and ajmgd to
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five case study areas across fdtmropean seasBaltic Sea BlackSea(including both Bulgarian and

Ukrainian areasMediterraneanSeaandthe Southern North Sea

1.2. Contributions to this deliver able

Work on this deliverable was initially led by MBASUand aninitial approach was presented at the San
Sebastian Annual Meetin(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-MASU, were use collect the equired 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 judgemestgpported byregional knowledge and published

information.

Following the withdrawal oMHI-NASU from the DEVOTES partnership during,2B&4levelopment of
MS Excebasedmodels andsoftware toolsand associated reportindpas beencompletedby University
of Hull, with support from IEBAS and HCMR.

1.3. Background

Thisreport O2 NNB & LJR2yRa (2 5-spdrific niainced Jaf Nafessudmpact dirkks and
representswork undetaken under &sks 1.1.1and1.1.20f the DEVOTES projethis documenbutlines
the structure of a model that focuses pressuresand impacts dsingfrom activities in a specific area
This isbased on an underlying assumption of causality, whewenanmarine (and, in some instances,
terrestrial or aerial)activities exertpressureson the (marine) environment whichin turn can induce
changes inthe state/quality of natural resources (and so lead to impacts on human welfare). In
presenting this structurea model of interlinked matricess presented,describingpressureimpact
linkagesand consequential effects omarine biodiversity Themodel allows for an assessment of the
relative importance of differen{manageable) human marinaressuresin terms of their impacon a
rangeof marine biodiversity components. It also allows for the consequentehanges irthe extent
and intensity ofpressures and in the sensitivity ofbiodiversity components to pressures, that are

expected dudo climate changeo be assessed.

The framework of marine management promoted by DEVQ3 pesented inDEVOTEBeliverable
D1.1(Smithet al, 2014)with several MSFD worked examples onmir-PressureSate change (P9
chains. A more recent addition to the framework is adding clarityabgountng for the separation
between activities and pressures within a risk assessment and risk management framewotk (Ell
2014). The latter suggests that tlmiginal DPSIRDriversPressuresState changémpactsResponses)

framework is modified ta DAPSI(W)Ramework (Figurel) in which the overarching Drivers result in

2
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Activities which then lead to Pressures, as mechanisms of change. These in turn lead ¢heBigés on
the natural gstem which, if unchecked, lea Impacts(on societal Welfare Theselmpactsthen
require societalResponsego be madeto in some wayameliorate the effects oDrivers, Activities and

Pressuregand so reduce the incidence $fate Changes and Impacts on Weljare

Work under this DEVOTES deliverable is focussed on an assessment of the ARtesBasesState
ChanggAPSghain from tle overall DAPSI(W)R framewdskown as red ifrigurel).

[ o 4

<

3 o

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

Figurel: Simplified DAPSI(W)R framewo(kfter Barnard & Elliott, 2015)

Although only relatively simpléctivitiesPressuresState Change clivas are being considered, it is
recognised that tiempts to model large aquatic systemgose the risk of becoming quickly
overwhelmedby the range of attendantata describinginter alia the states of fisheries and other
agents, the many species, physical habitats and communities present, and the ecological processes

binding them all togethe(Cotteret al., 2015) A pragmaticstrategyto avoid this potential risks to:

1 decide policy gals for the aquatic system
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1 use a comprehensive screening processdmove thoseactivitiesthat poseleast risk to the

achievement of those goaland

1 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 pertir(€tteret al., 2015). One such screening
process is aualtative risk assessmenhethod known asgcale intensity andconsequenceanalysi€2

(SICA) (e.g. Smidt 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 Haiddy 2007).

A SICAtyle 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 understandinthefpotential 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 & Fuijita, 2013). Coupled with this, data on
where human activities occur in the marine environment are varied and uneven (Ollarkay et al.,

2015).The ideal dataset igecent, recorded with tempral resolution that is able to reflect the natural
variability of the biodiversity componentspatially preciseand with high resolution has spatial
coverage consistent with the study aresnd has an associated measure of relative intenStychdeal
RFGFasSia NS Ay NBIFIftAdGes 2FGSy t+FO1Ay3 FyR Fye
necessarily include dated activity data relating to different timescales and ranges. However, despite
these limitations, cumulative effects assessmehéwe the potential to inform conservation planning

and ecosystenbased management (Cladhurray et al, 2015)F Yy R KSf LJ Y238 OFNRYQ

point.

Althoughecosystemevel policy goals reflect a growing scientific consensus on the importance of multi
species interactions and systdevel processesin the marine environment straightforward
measurements of ecosystem condition arten beyond the reach of current sciencehis is especially
true with regard to the range of geographic scales and thiemift aspects of marine biodiversity that
may be involved. To provide a flexible and readily applicable solutienapproach adopted here is
based on the use of data derived from expert judgeméormal systematic processes to obtain
judgements on scigific questions, to the exclusion of personal or social values and prefereticeah

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

but is also dsirable, andexpertsmay be approachegrecisely beause of their expertise, not because

4



they are able to avoid the use of judgemdBarnard & Boyes, 2013 xpert judgement also facilitates
assessmerst to be performed relatively rapidly, and alloigr scenario modelling (e.g. for climate

change) to beeadilyundertaken.

The approach that has been developé@re enables the(first stage)high level, generiassessment of
the relative importance oflifferent activity sectors, and of individual activities within each seatathin

a givenarea (egionalseg.

Subsequently, gsecond stagenore detailed assessment can be undertaken focussing on the most
significant activities This incorporates information on (for example, tkpatial extentof activities
relative to different habitats together with infamation on the potential for impacton specific
biodiversity components The outputs from this second stage can be analysed in several ways including,
for example, an assessment of the relatiegerall impacton particular biodiversity components

(integraed across all activities and pressures) to be undertaken.
The goproach has a number of novel aspect

1 the time/resource savingwo--stage approach in choosing the most severe pressures in

accordance with a risk analysis framework
1 the handling of some dhe diffuse pressures by allowing for different footpringsmd

1 the totally transparent matrix and model environment embedded in a easy to viotel

worksheetwithout the need for speciated software
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2. Model structure

2.1. Framework and constraints

Themethods usedn this reportare based on the underlying assumption that multipleessure impacts

can be effectivelynvestigatedusinga spatial modellingapproachin conjunction with consideration of

the footprints of particular activiesand their ovelap with habitatsor specific biodiversity components

Whilst this approach does not consider additpgynergisticor antagonistic effectbetween pressures, it

KFa ySOSNIKSt Saa LINE A RéRative knpadd | 3 (et RFSgodl levely dzY 6 S
(e.g.Halpernet al., 2008)and a regionalEuropeai) level (e.g.Collet al., 2012; Andersenet al.,, 2013
Korpinenet al,, 2013 Micheliet al, 2013 Knightset al., 2015. The incidence of peer reviewed studies

such as these is taken as beifigdzF FTA OASYy G G2 O2y Of dzRS GKI G GKS

approach can be supported.

The approachusedhereto identify dominant pressures in EU regional employs methgidslar to those
outlined (for example) by Stelzenitier et al. (2010),within the EUfunded ODEMM(Options for
Delivering Ecosystefmased Marine Management) projedRobinson & Knights, 2018nd, more
recently, in an assessment of the relative importance of pressuiisg@rfrom marine activities in UK
marine regions (Barmd et al., 2015. However, an important distinction here is that the inputs for the
model are generated not from the gexpatial analysis of GIS datasets, but frogomlitative expert
judgementof APSchains relating to a series of linked matricéss notedabove, 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 specidsstribution and the spatial scale and extent of human marine activities).

The underlying model (sdeigure2) employs expert judgement at a number of levels, set within a SICA
(Scale, Intensity and Consequence Analgsis Smithet al., 2007)framework. Initially, conceptualised
relationships between marine pressures and habitats are described. The extent of marine pressures,
relative to the occurrence of habitat® A ®Sd (§ KS W{ Od thef detenihed ladBisi a dzNB 2
information is then combined withS&a G A YIF 1Sa 2F (GKS GSYLRNIt TFNBI dzS
LINE RdzOS Iy AYRAOF(G2N)I 2F fA(1Ste STFSOGa Ay GSN¥a
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Conceptualise pressureeceptor relationship
Identify activity and pressure footprints

Scale
Identify spatial overlap of activity and
(habitat) receptor
Quantify activity intensity and receptor sensitivity }Intensity
Assign relative impact significance to each potential
for each activitypressurereceptor interaction Consequenct

Figure2: Schematic of underlying modelling processith reference to stages withifSICA approach

To assist the elicitation of expert judgement in an efficient manner, the modelling apptaescbeen

developed based on two distinct phases:

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

that give rise to the most significant levels of pressaire]

1 Specificmodelling ¢ to apply a habitatspecific approach focussed on the maactivities

identified by the generic model.

These two models argescribedbelow.

2.2. Generic model

Within a regional sea or other defined study artee Generic Impact;O'@Q, of each activity and
pressure combinatiomn the overall receiving systermdefined by the relationshipetween a series of

matrices
"Jp=! % ! & 0 %#E ) D where

0 O, the activity extent isthe spatialextent of a given activitya§ within a regional sea (or other

defined studyarea) anddefinedasper Tablel.
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Tablel: Definition of values foractivity extent,= g

Classification % area (or length of coastline) within region that is Value ofactivity

code spatially coincident with activity 4 extent,= g
0 ®=0 0.000
1 0 <w<5 0.025
2 5 <w<25 0.150
3 25 <w<50 0.375
4 50 <w<75 0.625
5 75 <® 0.875

0 "Qthe activity frequency isthe frequency of repeat occurrences of an activily, (values fordo "Care
defined as pefable2 (below):

Table2: Definition of values foractivity frequency = 3.

Classification Activity occurs continually or Value ofactivity
code repeatedly for a cumulative period of: frequency, = 3
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

0 ‘0§, the pressure extent coefficienindicates the degree to which the footprint of a pressum)(
extends beyond the footprint of the activity) that producesit. 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 whilstbeing confined to within the footprint of other#\ value ford ‘O G, , relevant to the area

being studied, is provided by the user for each pressatiévity combination. Adefault value of 1lis

used where the pressure footpritig believed to be equalent to the activity footprint, whilst a value of
1.1lisused where the pressure footprims believed to exted beyond the activity footprintWithin the

model this effectively identifies the moudiffuse pressuresNull values fod ‘O § (i.e. blark cells within

the 0 ‘O ¢ matrix) are used to identify were, for the region being studied, the activity does not give rise

to the pressure.

"O'0p, the generic impact potentialisa variablein the range @1, defined as pefable3.



5@

Table3: Definition of values for generic impact potentia, E_&F

Value ofgeneric

Classification ~ Overall potential for a generic impact on habitats and biodiversity

) .. D impact potential,
code components due to a given pressure arising from a givetidiy pactp

€ EZE
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 agigure3.
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. ™
Activity extent -
activity] (AE.) N
> Generic activity intensitvl -
activity| (GAI,)
Activity frequency -
activity] (AF;) Generic pressure IeveII pressure \
J >

activity| (GPL,»)

Pressure extent coefficients| pressure
activity] (PEC,z)

Generic impact potentiall pressure

activityl (GIP,2)

Key:
Metric used within modell Metric sub-level {matrix column header)
Sub-level of metric (matrix row header}l Symbology used
a: activity
p: pressure

Red text: metrics derived from expert judgement
Black text: metrics derived through modelling process

Figure3: Generic model structure/process uséd combine data matricesn 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 Imp@xt,;, of a pressuref], on a
biodiversity componentf @ within a habitat,"Q is defined bythe relationship between a series of

matrices:
Q F=00%Yp 0O "Ofﬁﬁ , where

0 "O"Yp, the activity-habitat spatial overlapisthe degree ofspatial coincidence gverlap between a
given activiy () and a giverhabitat type (Q - 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 identifyingd "O"Yp values for this subset. Valuésr 60 "O"Y§ are recordedin relation tosix broad

classesdefined as peiTable4:

Table4: Definition of values forActivity-habitat spatial overlap= 17 { 4

Classification % area (or length of coastline)f given habitatthat is Value of activityhabitat
code spatially coincident with activity 49 spatial overlap=7 { 4k
0 ®w=0 0.000
1 0 <(®<5 0.025
2 5 <(<25 0.150
3 25 <¢H<50 0.375
4 50 << 75 0.625
5 75 <® 0.875

0 "Qthe activity frequency isthe frequency of repeat occurrences of an activity {defined asfor the

generic modelTable2, above).

0 ‘O, the pessure extent coefficientis a factor indicating thedegree to which the footprint of a
pressure fj) extends beyond the footprint of the activitg)(that causes ifvalues are as for the generic

model, above)

'Ot , the mpact potential,is a variablein the range @1, defined as a function of ¢hDegree of
Impact O£ {0) of a pressurery) on a biodiversity componen® (9 and the generic Resiliencdy(gd)
of the biodiversity component within each habitat typg€) ¢ the value of’Oﬁqﬁ sis taken from a lookup

table (Tableb):

11
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Table5: Lookup table for values of impact potential coeﬁicien#(ll;gﬂ 7

Degree of impact,

Acut 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:

Y ¢ resilience is thelikely rate of recovery of a biodiversity component (BC) following exposure to
generic pressures Y« § takes one of four possible values: High2(§ears likely recovery period),
Medium (2 to 10 years likely recovery period), Low-100 years likely recovery period) or None (no

recovery likely)and

O¢ {0, the degree of impact,s the generic degree of impact of a pressurg on a biodiversity
component § § (accounting for thecurrent statusof the biodiversity componentvithin the region)-
0O¢ O takes one of four possible valuescute, Chronic, Low or None (based orRobinsonet al,

2011},

The relationship betweethe matrices that make uthe generic model is shown in the model structure

presented ag-igured.

! Acute severity of impads defined as a severe impact over a short duration, e.g. (for spexibigh
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 aftesf one event;

Chronic severity of impa@s 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 higiortality in a population would be recorded);

Low severity of impads 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 resultsasghe |

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.

12
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Activity/habitat spatial overlap| habitat
activity | (AHSOy, .)

Activity intensitvl habitat
activity|  (Aly,»)
Activity frequency - \
activity] (AF.) > Pressure Ievell habitat
activity x pressurel (PLhsp)
Pressure extent coefficientsl pressure
acti\.'ityl (PEC,2) Pressure Ievell habitat x BC
7 activity x pressurel (PLhgcs,p)
r
Presence/absence (from R) BC
habitat] (PAsch)
Resilience of biodiversity componentsl BC ") > Impactl habitat x BC
habitat| (Rac) activity x pressure| (Inpc.p)
Resilience| habitat
L BC| (Risc)
> Impact patentiall habitat x BC
pressurel (IPhscn)
Degree of impact| pressure
BC| (Dolyzc)
Key:
Metric used within madell Metric sub-level (matrix column header)
Sub-level of metric (matrix row header)l Symbology used
h: habitat
a: activity
p: pressure

BC: biodiversity component

Red text: metrics derived from expert judgement
Black text: metrics derived through modelling process

Figure4: Detailed model structure/process usetd combine data matricesn second stage of study (incorporating habitaind BGspecific informationg see

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

As outlined above, he modet that underpinthese assessments can be specified acrfms
dimensions two of which relate to the receiving system (aquatic/benthiabhats and kodiversity
componentsin the regior) and two to anthropogenic perturbations (humattivities andresultant

pressureghat occur in the regiohn

2.4.1. Habitats and biodiversity components

The spreadsheet model was developed to accommotiae23 MSFD predominartiabitat types(Table
6), and a range of 11 separate biodiversity components, @)n derived from the MSHDable7).

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 @& T A Y SRUO  WinixS(@hich A Sy O
identifies the resilience of each BC to generic pressures on a hdlyitabitat basis. Entries in this

matrix are taken to indicate the association of a BC with a specific habitat, whilst null én&ibkank9

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

Table6: Aquatic and benthic hbitats (MSFD predominant habitats)onsidered within the model

# Habitat

1 Littoral rock and biogenic reef

2 Littoral sediment

3 Shallow sublittoral rocknd 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 sublittoraband

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 Abyssakediments

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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Table7: BiodiversityGComponents(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

Arange 0f84 marine activities are consideredisaggregatedrom 18 generic activity sectorélable8).
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 activetiedles usergo
identify management options specific to particukativities rather than whole sectors. Note that, as the
model is intended to be applicable across a wide geographic range, certain sectors or spigiliiesa

may not be aplicable for particular regian
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Table8: List ofmarine activities (sectors and detaif) modified from Kos<t al., 2011a

Sector Specific ativity

Aquaculture (including Finfish - construction/installation of infrastructure
marine biotechnology Finfish - operational
based on aguaculture) Macro-algae- construction/installation of infrastructure

Macro-algae- operational
Shellfish- construction/installation of infrastructure
Shellfish- operational

Fishing Benthic trawls and dredgesperation
Benthic trawlsand dredges mooring/anchoring
Benthc trawls and dredgesgeneral
Nets (fixed/set/gilinets/othe nets/lines)- set up/recovery
Nets (fixed/set/gillnets/other nets/lines)operational
Nets (fixed/set/gillets/other nets/lines) general
Pelagic trawls operations
Pehgic trawls mooring/anchoring
Pelagic trawls general
Poting/creeling- set up/recovery
Potting/creeling- operational
Potting/creeling- general
Suctiorthydraulic dredges operations
Suction/hydratic dredges mooring/anchoring
Sucton/hydraulic dredges general

Shipping Mooring/anchoring/beaching/launching
General
Renewable energy Wind farms- construction- installation/decommissioningf turbines on seafloor

Wind farms- operational (activeeables laying on seafloor, moving turbines)
Wave energy construction, cable laying, decommissioning
Wave energy operational
Tidal sluices construction
Tidal sluices operational
Tidal barragesconstruction
Tidal barrages operational
Non-renewable energyoil, Oil and Gasexploration, construction, decommissioning
gas and hydro) Oil and Gasoperational
Hydro- operational
Power stations (landbased, but coastabconstruction
Power stations (lantbased, but coastaboperational

Nonrenewable energy Power stations (landbased, but coastabconstruction
(nuclear) Power stations (lantbased, but coastaboperational
Telecommunications Communication cableslaying cables

Communication cablesactive/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 aggregate®xtraction of substrate

Sand/gravel aggregateslisposal of spoil/waste
Navigational dredging Capital dredging extraction of substrate

Capital dredging disposal of spoil/waste

Maintenance dredgingextraction of substrate

Maintenance drelging- disposal of spoil/waste

Table continued ovex

2 Normal vessel transit
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Artificial reefs- construction
Artificial reefs- operational
Beach replenishmentoperational
Culverting lagoonsconstruction
Culvertinglagoons- operational
Coastal Infrastructure Marinas and dock/port facilitiesconstruction
Marinas and dock/port facilitiesoperational
Land claim construction
Land claim operational
Coastal defencesea walls/breakwaters/groynesconstruction
Coastabefence- Sea walls/breakwaters/groyne®operational

Landbased Industry Industry with discharges into rivers and coastal watesperational
Aariculture Deforestation
9 General

Recreational angling
Boating/yachting/diving/watesports- mooring/anchoring/beaching/launching
Boating/yachting/diving/water sportsgeneral
Public beach general
Tourist resort construction
Tourist resort operational
Operations (specific to activity but can include: seisaciivities, sonar)
Military Mooring/anchoring/beaching/launching
General
Operations
Research Mooring/anchoring/beaching/launching
General
Desalination Operational
Waste water treatment Operational
Bait digging
Seaweed andaltmarsh vegetation harvesting
Bird eggs
Shellfish hand collecting
Peeler crabs (boulder turning)
Curios

Tourism/recreation

Harvesting/collecting

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 orBQ (e.g. Stelzenmilleret al., 2010. In order to achieve this, clear definition

and consistent use of the terfressuréls required.

Martinset al. (2012) state that pressures auman actions that can induce environmental chaixgel
are usually associated with actions with the potential to cause damage or degrad&henWorld
Resources Institute (2009) database of ecosystem services defines pressbiephagsical influences

that act directly on ecosystems and the biodiverdiityy harbouf Pressures are differentiated from

SYy 2NN EQ FNFOES | yides, ihchdig the @aot (nafutalvdtiayif@ial)Liakiliss
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direct drivers in that they are the biophysical representation of human actions that directly impact
ecosystemdor example, emissiaor waste discharge This definition is broadly consistent with that of
Pirrone et al. (2005) and Robinsoet al. (2008) both of whom define pressure asthe mechanism
through which an activity has an effect on any part of an ecosyQtéowever, despite the similarity of
these definitions, many pressurdéisat may beidentified as being relevant to the marine environment
(e.g.marine mineral mining, marine dumpingater abstraction are, more accuratelyrepresentative of
activities (sensuRobinsonet al., 2008). For the purpose dthis study thedefinition of pressue
promoted by Robinsonet al. (2008) (which helps makeclear the distinction between activities,

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

Impacts are the consequences of pressures where a chaogarothat is different to that expected
under natural conditionslrrespective of the precise definition that is adopted, it is recognised that:
pressures can be physical, chemical or biologite same pressurenay becaused by a number of
different discrete activities and differentdiscrete pressuresmay potentiallyimpact on asingle given
receptor (habitat or biodiversity componenthn this sense, the activifgressurestate change cham
that are considered by the propodenodel areactually a sdes of manyto-many relationshipsand,
consequently, any underlying modekedsto account for a multitude of discret&ctivity-pressure
receptolQ O Kel:gKpfightsebal,, 2013)

Lists of marine pressures are provided by several authors (inclidistyvoodet al., 2005; Robinsomt

al.,, 2008 EC,2008) Such lists were collated and updated, producing a list consistent with that being
used in the ODEMM project (e.g. Ketsal, 201D). Only the direct (linear) effects of pressurgause

by human atvities) on habitats andBC are consideredalthough it is acknowledged that additional
indirect effects can play an important role in the functioning of an ecosystem (Morgbgh, 2006),

whilst manyresponses are netinear (Duarteet 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 Atkinal. (2011), are representative

2T WSYR23IABFAOSYE A WKY K IS R eneNBf SuchdpeSsar€sdeedslulyirhaily to

0SS dzy RSNI I 1Sy Ay (KS O2yGSEG 2F WSE23SyA0 dzy Yl yl
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 tmmteagement of local pressures.

The models developed here principatignsider a suite of 22ndogenic managed pressuregaple9);
whilst it is acknowledged thatarine systems are also subject to a numbergrbgenicunmanagel
pressures (see, for example listing provided a3able10) the current models do not consider the

impacts of suclpressuresThe models developed here consider all the essential pressures featuring in

18



the MSFDalong with a limited number oddditions (but seetlliot et al., 2014 and Patricioet al., 2014

for further potentialadditions such as visual disturbance and aesthetic pollution).

Table9: List of manageable pressuresnsidered in the current study

o Listed in
Pressure Description MSED
Smothering By manmade structures/ disposal at sea \%

Sealing by permanent construction (coastal defences/wind turbin
change in substratum due to loss of key physical/biological featur

Sealing/substratum loss replacement of natural substratum another type (e.g. sand/grave v

to mud)
L Change in concentration of suspended solids in the water columr

Changes in siltation : \%

(dredging/ruroff)
. Physical interaction of human activities with the seafloor/seabed

Abrasion : . : \%
flora and fauna causing physickElmage (e.g. trawling)

SQIectNe extraction of non Aggregate extraction/removal of surface substrata \%

living resources

Underwater noise Shipping/acoustic surveys \%

Marine Litter Litter V

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

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

Introduction ofsynthetic Pesticides, antfoulingchemica$, pharmaceuticals Vv

compounds

Introduction of nonsynthetic Heavy metals, hydrocarbons Vv

compounds

Introduction ofradionuclides Radionuclides V

Nitrogen andphosphorus . -

enrichment Input of nitrogen and phosphorus (e fgrtiliser, sewage) \%

Input of organic matter Input of organic mgtter (industrial/sewage effluent, agricultural +ui Vv
off, aquaculture, discards, etc.)

Introduction of microbial Introduction of microbial pathogens Vv

pathogens

Introduction of non

indigenous spp. and Through fishing activity/netting/aquaculture/shipping Vv

translocations

Selective extraction of specie Removal a|_’1d mortall_ty of target (fe.g. fishing) and #target (e.g. by Vv
catch, cooling water intake) species

Death or injury bycollision Caused by m_1pact w!th moving parts of a human activity (ships, «
propellers, wind turbines)

. . Obstructions preventing natural movement of mobile species.

Barrier to species movement . : o X
Barrages, causeways, wind turbines etc. along migration routes.

oH changes Change in pH (mean, variation, range) due to-offichange in «
freshwater flow etc. (local)
Change in size, number, distribution and/or periodicity of waves

Change in wave exposure  along a coast due to mamade structures (local) alimate change X
(large scale)

Water flow rate changes Change in currents (speed, direction, variability) due to fmeade «

structures (local)
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Tablel0: Examples of exogenic unmanagedessuregnot directly considered within the scope of this

study)
o Listed
Pressure Description in MSED
Thermal regime change Temperature change (average, range, variability) due to climate
change (large scale)
Salinity regime change Temperature change (averagange, variability) due to climate «
change (large scale)
. Change in natural sea level (mean, variation, range) due to clima
Emergence regime change . : X
change (large scale) and isostatic rebound
Water flow rate changes Change in currents (speed, dirextj variability) due to climate x
change (large scale)
pH changes Change in p}(i"nean', yarlatlon, range) due to climate change (largt x
scale), volcanic activity (local)
Change in wave exposure Change in size, number, distribution and/or periodicityvaives «

along a coast due to climate change (large scale)
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3. Matri x linkages: MS Excel Spreadsheet structure
3.1. Hrst stage (generic) assessment

3.1.1. Overview

As indicated irFigure3, the first stage (generic) assessment involves the coatioin of four separate
matrices, which describe: the spatial extent of each activity relevant to the study ar&y, (the
frequency of each activity("Q, the degree to which the pressure footprint extends beyond the activity
footprint (0 O, ), and the level of (generic) impact that arises from each press@®©p). These
matrices are combined toalculate values folOQ, the generic impact due to pressung) (@rising from
activity ©):

"0Q=00 60 00§ "OOP

Values fofO"Q can then be summedcross pressures to derive a series of indid@%) which indicate
the relative contribution made by each activity to the overall impact of marine pressures that potentially

arise in the region:
00 0'Q

where (for the current project), the total number of pressures considered, takes a value ofTBé.
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 allof the data entryworkshees (tabs) in the MS Excel spreadsheet that has been developed
to run the modelsare coloured red. Within these tabs, areas for data input are shaded red. All other

areas are writgprotected to prevent inadvertent corruption of the underlying calculation algorithms

¢KS FANRG! @10 ! chillds yhe i for three of the matrice8: O, 6 "Cand"0"Op. The

dSO02yR (EtO9 /OWL YRBIIRAD G matik.Sa F2NJ GKS

TS GKANR G106 O0WDSYSNRO 2 grvididriniiatoitputsg KA OK A& O2f 2 dzN
313. Data entry dAaEb OAFnp udlisPo

Values ford ‘Oare held within a 1 (column) by 84 (row) matrix (cellsEB8)on the first tab Each entry
refers to a specific activiti/alid entries are restricted to the numbedsl, 2, 3 4 and Ybased orlable
1); blank cells are acceptedr(d are handled as zero valu@slicating where an activity does not occur

within the region).
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Values ford "Oare held within a second 1 (column) by 84 (row) matrix (celis&&3on the first tab
Each entry refers to a specific activitalid entries are restricted to the numbers 0, 1, 2, 3 and 4 (based
on Table2); blank cells are acceptedr(d are handled as zero valuésdicating where an activitdoes

not occur within the region).

Values forO'Op are held within a 22 (column) by 84 (row) matrix (cells G3:AB8@he first tab Each
entry refers to a specific activigressure combinatioriValid entries are restricted to the numbers 0, 1,
2,3 and 4 (based omable3); blank cells are acceptedr(d are handled as zero valu@sjicating where

an activity does nogive rise to a pressuje
314.Data entry adPaEbCOO Il nput s

Values ford ‘O ¢ are held within a 22 (column) by 84 (row) matrix (cells E3:AB8he second tab
Each entry refers to a specific activiizessure combination. Valid entries are restricted to the numbers
0, 1 and 1.1; blank cells are accepted (and are handled as akmsy indicating where an activity does

not give rise to a pressure).

3.1.5. First stage (generic) assessment out puts 6 Generic outputsao
The first stage (generic) outputs are presented loa third tab (coloured purple).

An index of the total resultanimpact "CO, (i.e. "'OQ valuessummed across pressuesttributable to

each activityis shown (column F).

Values forOCare effectively dimensionless (or, at least, they have no readily apparent units associated
with them). Consequently, their usefulreedies not in their absolutezalug but in their relative
magnitude (although a theoreticalmaximum value can beassigned to eachpressuréactivity
combination) The relative importance of each activity is indicated by the values shown in column G

the third tab, where the total resultantimpact per activityis 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 overathpactthat resulisfrom human activitiesn the region.

. & aStSOGAYy3 (GKS W{2NIQ odzitd2y o03aINBe odzitdzy 2y
help identify those that appear to contribute the most to the overall rangérgfactsseen. The lisof
FOGADGAGASAE OFly 06S NBaSdG G2 AdGa 2NRAIAYyLFE 2NRSNI o@
When sorted, hhe final columncolumn ) presents the cumulative percentage of totalpactaccounted

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

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

(detailed assessment stag@.g.how many activities should be considered in order to account for a
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given percentagdsay 90%) of theverall totalimpact seen in the region, or what percentage of the

overall level ofmpactis covered by considering just the top 10 or top 15 activities).

3.2. Second stage (detailed) assessment

3.2.1. Overview

As indicated inFigure 4, the second stage (detailed) assessment involves the combinatidiveof
separate matrices, desciily the spatial extent of each activity relevant &ach habitat within the
study area@ "O"Yg), the frequency of each activito "Q, the degree to which the pressure footprint
extends beyond the activity footprinD('O ¢ ), theresilience of BC in different habitaf¥; 9 and the

degree of impact of individual pressures on BE ({0 ).

Thesefive matrices ae combined to calculate values f&@;, y, the generic impacbn biodiversity

component § § within habitat {Q, due to pressurery) arising from activityc), according to

QG fp =0 OYH 670 0 %% Ol

(where"Ol ; is defined as a function @£ jO and'Ys 4o- the value Oflogh}lﬁs gbeingtaken from a
lookup table Tableb).

Individual alues forQ; i can then be summedcross (for example) habitat§)(andpressuresrf) to

indicatethe impact ofeach activityon eachBC:

Gy G hR

where (for the current projectjOand 0, the total number ofhabitats andpressuresconsidered, take

values of 23 and84, respectively

Similarly,individualvalues forQ;  can be summed across habitats (h), B&(and pressures (p) to
indicate the overall impact of each activity within the region:

v

Q G i

nop
3.2.2. Spreadsheet entries and outputs

As for the first set of tabs (discussed aboub data entry tabsor the second (detailed) stage of the
model assessment (tabs four to sate coloured red, and data entry areas on each tab are shaded red.
Again, dl other areas are writgrotected to prevent inadvertent corruption of the underlying

calculation algorithms.
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¢ KS F2dzNT Kg!lil{oh BOWLKAIRE (&KBYEBYIHINRISED TS (KST i K
wSAAEASYOSQUu K2iBamatixkKBR SS¥ & RE & &6 B & KO thekefiiddkiar dhe
0¢ O matrix.

Inputs forthe! &Y GNRE | NB GF 1Sy FNRBY Sy i NAAEAAFLGNE, @il R 2
inputs forthe0 %# Y GNRAE NB GF 1Sy FTNRBY Sy{iNARSRE QINE® A RSR

CAylffes G(KS aSOSyik (1o oWsSGiIAtSR OLfOdA GAz2y

(individual values folQ, 75 ).

323. Data entry aAMBO6| nput s

Values forthe 6 "O"Yp matrix are entered intoa 23 (column) by 84row) matrix (cells EBA86)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 showmlasle4). Bank cells are
accepted (and are handled as zero values, indicating where an activity does not overlap with a particular
habitat).

The finaltwo columrs of this tab present ) (an index of the total resultant impact due to each activity,
summed across pregees) (column AC) anthe cumulative percentage ofotal resultant impact
accounted for by different activitiecolumn AD) These data are taken from the first stage (generic)
outputs and areprovidedto help the user to more easily appreciate the relaivmportance of each

marine activity.

It is this matrix @ "O"Y§) 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 tota/3¥2lentries) is

likely to be a relatively intensive process. As certain activities (as shown by the first (generic)
assessmentjnay contribute little or nothing to the overallevel of impact caused through resultant
LINBaadz2NBa AG Aa y2id adNAOGfe&e ySOSaal RéordérBased2 Y LI ¢
on overall generic pressur®s o6 dzi G2y o063INBe& odzidz2zy 2y 3INBSy ol O]
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
aSt SOGAYy3a (KS wwSasSiQ odzidz2y o

In practical termsherefore, once the rows have been sorted according to"@évalues in column AC

660& dzaAy3d GKS | dzii 2 YIRéokdé basa dmioveyaf geneficipfeds®aR 6 oz (1 @ K8 ¥

user may focus attention on the activities at the top of the list.
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324. Data entry dRaebs idlinepnuctesd

Values for the'Yq s matrix are entered into a 11 column (BG by 23 row (habitat§ matrix (cells
C3:M25) on the fifth tah Each entry refers tthe resilience of a give@ dwithin a specific habitatAs

noted earlier, resilienceis here defined athe likely rate of recovery of a biodiversity componeatd
following exposure to generic pressureY stakes one of four possible values: High (likely recovery
period <2 year$, Medium (likely recovery perib>2 years bukl0 year$, Low (likely recovery perio

>10 years bukl00 year¥ or None (no recovery likelpr recovery period in excess of 100 ygav&lid
entriesto this matrix are restricted to letters L, N§ and N(reflecting thegenericresilience of BC in
different habitats). Blank cells are accepted (and are taken as indicating those BC that do not occur

within specific habitats).
325.Data entry dDeobl 661 nput s

Values for theéO ¢ {0 matrix are entered into a 11 column (BQ by 22 row (pressure} 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:
1 Acute(a severe impact over a short duratip

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

frequency and intensity or

1 Low (an interaction that, irrespective of the frequency and magnitude of the event(dl)not
causehigh levels of mortality vifiin a given population, oresultin the loss of habitat or change

in its typical species or functionipg

pufi
w»

2KSNB | ./ Aa y2G aSyairuagsS G2 | LINBaadaNB:z GKS
It was assumed that the severity of pressure impacts onvBfe 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
RATFSNBYUG KFroAdGrdaoe . fFyl OStfaaues) I OOSLIISR 606 d:
326. Second stage (detailed) assessment outputs

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

Indices representing the total resultant impadD{ ) of each pressurenj caused ¥ each activity

(&, acting on each biodiversity componeidt ¢ within each habitat’Q are presented (column F).

Values fofG, j are effectively dimensionlesndtheir usefulness lies not in their absolutalue but

in their relativemagnitude
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3.3. Output processing

As described above, thfirst stage (generic) assessment was used to derive estimaté®Qfthe
relative overall impact caused by pressures associated with each activity. Ti@sgtimates were then

used to identify he 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 &, .

In practice, the applation of the (second stage assessment) models presented in this report is intended
to be focussed on specific habitagssuch as those found to be failing to attain GES. In this way, those
human activities that are likely to be having the highest immactimpacted habitats and which could

therefore be usefully considered for managemerdn be identified

In the absence of information on GES compliaacgmple assessment framewohias beenproposed

andadopted in order to provide a set of example outp(Fsgureb).

Derive impact indices for each Selectredion v input dat
activity, pressure, habitat & BC e
combination

R I
Integrate across activities &
pressures to identify principal

impacted (key) habitats & BC

Identify top five
impacted habitats

Identify top five
impacted BC

Filter results and integrate : 3 : 3

across key habitats & BC to Identify top Identify top Identlfy top Identlfy top
id " - 1 contributory contributory contributory contributory
identify main contributory activities pressures activities pressures

activities & pressures

Figure5: Assessmentrimework forreviewingthe 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 sepd€ater ; values. Thes&, i values

were aggregated and assessed accordintpéocabove framework.

C2NJ S OK NBIA2Yy dzaSR & | OFra&as$S addRes GKA& | LILINE

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

impacted habitats); and

1 BC that are exposetb 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 tkesareas 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 enabfer emerging pressures and associated impacts that have beeriooked
either due to data deficiency or laack knowledge to be singledut and inform locato-global policy

and practice
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4. Case study outputs

4.1. Production of outputs

The proposed model was applied fod case studies: the Baltic Sea, Black @esering both Bulgarian,
BG, andUkrainian UKR, waters)Mediterranean Sea and the Southern North Saput data matrices

were supplied by the project partners. Copies of these data are providadraex A.

In the case of the Baltic and Black SeasRB@d UKR) the data related to territorial waters plus the
relevant Exclusive Economic Zone. For the Mediterranean Seaydatastimated withreferenceto the
whole of MediterraneanSea (irrespective of territoriality) whilst for the Southern North Sedata
referred to the UKMarine Regionas defined for the assessment of benthic habitats by the HBDSEG
Feeder report for Charting Progress 2; Defra, 2010

Under phase one of the assessment framewoRig(re6) outputs comprisingimpact indices for each

activity, pressure, habitat & BC combinati¢®;, ) were producedusing the Excel spreadsheet

model
Derive impact indices for each — v inout dat
activity, pressure, habitat & BC e A e
combination

Integrate across activities &
pressures to identify principal
impacted (key) habitats & BC

Identify top five Identify top five

impacted habitats impacted BC

1 1 1 1
Identify top Identify top ‘ Identify top ‘ Identify top ‘

across key habitats & BC to
identify main contributory
activities & pressures

contributory contributory contributory contributory

Filter results and integrate
activities pressures activities pressures

Figure6: Assessment framework phase one (highlighted in red)

4.2. Output summaries

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

The following table {able11) presents the calculate®®Ovalues for each activitgcross each of the
case study areas. The entries are colour coded to indicate their relative $ignOl y OS> aK2 g Ay 3

relative position in the overall distribution of values seen within each study area.
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For clarity, activities which have no impact (f®@O 1) 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: calculateg, =‘gvalues

Activity

S
n
c
=
A
o
=z
=
=
(7]
<
=
>
o
n

Mediterranean Sea

Black Sea (BG)
Black Sea (UKR)

Baltic Sea

Finfish ¢ construction/installation of infrastructure

Aquaculture (including

marine biotechnology Finfishcoperationa_ll _ _ _ 0.134 0.134
Shellfish¢ construction/installation of infrastructure 0.014 0.014 0.014 0.011
based on aquaculture - -
Shellfish¢ operational 0.051 0.101 0.101 0.101
Benthic trawls and dredgesoperation 1.158 0.328 0.082 1.638 3.604
Benthic trawls and dredgesmooring/anchoring 0.002 0.002 0.003 0.003 0.003
Benthic trawls and dredgesgeneral 0.028 0.028 0.028 0.565 0.113
Nets (fixed/set/gilinets/other nets/lines) set up/recovery 0.005 0.003 0.007 0.031
Nets (fixed/set/gilinets/other nets/lines) operational 0.025 0.017 0.502 0.150
Nets (fixed/set/gilinets/other nets/lines) general 0.015 0.010 0.305 0.010
Pelagic trawlg operations 0.037 0.221 0.736 0.221 0.294
Fishing Pelagic trawlg mooring/anchoring 0.001 0.001 0.002 0.002
Pelagic trawlg general 0.028 0.169 0.565 0.169 0.019
Potting/creelingg set up/recovery 0.001 0.008
Potting/creelingg operational 0.024 0.143
Potting/creelingg general 0.013 0.051
Suction/hydraulic dredges operations 0.099 0.397
Suction/hydraulic dredges mooring/anchoring 0.005 0.003
Suction/hydraulic dredgesgeneral 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

Wind farms- constructiong (installation or deinstallation of

. 0.027
turbines on seafloor)
Renewable energy  Wind farmsg operational (active cables laying on seafloor, 0.068
moving turbines) '
Tidal sluiceg operational 0.114
Oil andgas¢ exploration, construction, decommissioning 0.029 0.029 0.116
Nonrenewable energ) Oil andgasc operational 0.056 0.075 0.452
(oil, gas and hydro) Power stations (lanthased, but coastal) construction 0.059 0.020
Power stations (lantbased, but coastal) operational 0.054
Non-renewable €Ne1Y bower stations (lantbased, but coastal) operational 0.092
(nuclear)
Telecommunications Communication cableslaying cables 0.015 0.015 0.015 0.015 0.015
Rockiminerals coastal quarrying, extraction of substrate 0.083
Aggregates Rockiminerals coastal quarrying; disposal of spoil/waste 0.046
Sand/gravel aggregat@&sextraction of substrate 0.036 0.863 0.072 0.863
Sand/gravel aggregatesdisposal of spoil/waste 0.097 0.626 0.052 0.579
Capital dredging extraction of substrate 0.047 0.054 0.107 0.095
Navigational dredgingCapital dredging, dis_posal of spoil/waste 0.023 0.023 0.047 0.047
Maintenance dredging extraction of substrate 0.165 0.284 0.095 0.082
Maintenance dredging disposal of spoil/waste 0.093 0.140 0.047 0.047
Artificial reefsg construction 0.020 0.020
Artificial reefsg operational 0.014 0.054 0.054
Beach replenishmerg operational 0.019 0.019 0.225 0.019
Coastal Infrastructure - -
Culverting lagoong construction 0.104 0.017
Culverting lagoong operational 0.459 0.077
Marinas and dock/port facilitieg construction 0.095 0.024 0.356 0.143 0.024
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o ]

. T & 2

0) vz = =

ia) ) o )

. ~ = pd

Activity © o © 8 p

n N N T 3]

£ %5 3 3 5

T & = e 3

m [oa} m > n
Marinas and dock/port facilities operational 0.140 0.070 2.100 0.840 0.140
Land claint, construction 0.022 0.022
Land claint, operational 0.053 0.315

Coastal defencesea walls/breakwaters/groynesconstruction = 0.087 0.327 0.327 0.022 0.044
Coastal defengesea walls/breakwaters/groynes operational 0.054 0.813 0.813 0.325 1.898
Industry with discharges into rivers and coastal waters

Landbased Industry 0.156 0.938 0.938 0.703 0.938

operational
Agriculture General 0.125 0.146 2.191 0.438 0.382
Recreational angling 0.018 0.012 0.018 0.082 0.014

Boating/yachting/diving/water sportg mooring/anchoring/

. . 0.010 0.030 0.046 0.046 0.008
beaching/launching

Tourism/recreation  Boating/yachting/diving/water sportg general 0.052 0.155 0.232 0.232 0.039
Public beaclt general 0.048 0.359 0.538 0.538 1.195
Tourist resortc construction 0.035 0.070 0.175 0.070
Tourist resort; operational 0.063 0.630 0.946 0.378 0.042
Operations (specific to activity but can include: seismic activit 0.018 0212 0.026 0.106
Military sonar_) - - -
Mooring/anchoring/beaching/launching 0.008 0.098 0.012 0.008
General 0.014 0.330 0.041 0.028
Operations 0.006 0.004 0.004 0.008 0.004
Research 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 Operational 0.154 1.021 2.552 0.925 0.154
treatment
Bait digging 0.026 0.026
Seaweed and saltmarsh vegetation harvesting 0.014
Harvesting/collecting 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% @ionzero)values seen in the study area (i.e. the lowest quintile of
the distribution) are shaded iblue. Entries shaded igreenfall within the second quintile, whilst those
shadedorangeand red fall in the third and fourth quintiles respectively. Entries shadegurple 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 ea®d study are presented below.

Initially, the individual estimates of impact for each combination of habitat, BC, activitypeegbsure

(G ri) 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 a3ablel2 and Tablel3, respectivelyFor clarity, zero values have been omitted from

these tables.

30



Tablel2: Overall(total) impact associated with individual activities

«
~ 3 8
4 (9}
—~ X c =
" e 2 g S
Activity < &) < c z
3] @ P © =
(0] (] n o @
g ¥ 3 5 5
T o 8 ) 3
M [oa} m S 0
Aquaculture (including Finfisht operational 2.74
marine biotechnology ] .
based on aquaculture) Shellfisht operational 1.19 2.39 2.10
Benthic trawls and dredgdsoperation 15.61 4.89 6.32 32.13 119.72
Benthic trawls and dredgdsgeneral 27.57
Nets (fixed/set/gillnets/other nets/lined) set up/recovery 1.07
Fishi Nets (fixed/set/gillnets/other nets/lined) operational 464 5.70
ishin
9 Nets (fixed/set/gillnets/other nets/lines) general 7.10
Pelagic trawl$ operations 421 880 3.77 17.63
Pelagic trawl$ general 8.82 36.19
Potting/creelingb operational 0.49
o Mooring/anchoring/beaching/launching 1.60 1.72
Shipping
Genera 66.50 22.45 54.00 49.83 24.53
Wind farms- operational (active cables laying on seafloor, moving 742
Renewable energy turbines) '
Tidal sluice$ operational 0.97
Nonrenewable energy Oil andgasb exploration, construction, decommissioning 1.29
(oil, gas and hydro) Oil andgastb operational 8.95
Non-renewable energy Power stations (lantbased, but coastab operational 1.30
(nuclear)
Sand/gravel aggregatésextraction of substrate 5.35 17.56
Aggregates - -
Sand/gravel aggregatésdisposal of spoil/waste 1.50 1.53 2.42
L . Maintenance dredging extraction of substrate 1.66
Navigational dredging - - - -
Maintenance dredging disposal of spoil/waste 1.28
Artificial reefsb operational 1.18
Culverting lagoonk operational 0.77
Marinas and dock/port facilitiek construction 1.24
Coastal Infrastructure  Marinas and dock/port facilitieb operational 3.08 10.30 23.25 17.16 1.64
Land claint operational 0.62
Coastal defencesea walls/breakwaters/groyndsconstruction 1.24 0.38
Coastal defengesea walls/breakwaters/groyneis operational 0.78 8.62 425 468 4.93
Landbased Industry Industry with discharges into rivers and coastal wateoperational 349 35.01 19.20 14.34 3.71
Agriculture General 13.32 5.81 24.02 10.13 3.76
Boating/yachting/diving/water sportk general 23.66 4.79
. . Public beact general 158 6.16 17.27 6.08 0.24
Tourism/recreation - -
Tourist resort operational 195 6.79 3.98 09.77
General 0.65 5.03
Waste water treatment Operational 3.33 51.73 35.95 2571 3.12

Values falling in the bottom 20% pbn-zerovalues seen in the study area (i.e. the lowest quintile of the
distribution) are shaded ifblue. Entries shaded igreenfall within the second quintile, whilst those
shadedorangeand red fall in the third and fourth quintiles respectively. Entries shadegurple fall

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

31



Deliverable 1.2Report on seaspecific matrices of pressureémpact links

Tablel3: Overall(total) impact associatedvith individual pressures

g & 8

O v c =

& 3 § 5

Pressure S © © 8 =

T L ¢ g 2

s & 8 3 3

s} [} [} P N
Smothering 402 321 550 7.06 1591
Sealing/substratum loss 330 0.77 174 477 18.48
Changes in siltation 12.86 16.32 18.12 19.64 20.94
Abrasion 337 269 550 6.17 14.38
Selective extraction of neliving resources 221 059 0.79 4.16 14.45
Underwater noise 3.02 368 7.37 6.64 20.20
Marine Litter 2158 16.18 31.35 24.00 8.36
Thermal regime changes 1.06 1046 8.87 6.20 1.09
Salinityregime changes 3.07 1129 1239 7.73 1.85
Introduction ofsynthetic compounds 20.96 18.58 30.53 23.38 10.91
Introduction of nonsynthetic compounds 20.90 18.20 28.03 21.10 10.42
Introduction of radionuclides 097 359 278 146 3.28
Nitrogen andPhosphorus enrichment 137 585 5.83 398 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 nonindigenous spp. and translocations 15.45 11.74 19.92 1826 4.90
Selective extraction of species 272 429 1156 16.96 33.92
Death or injury by collision 4.43
Barrier to species movement 230 342
pH changes 230 928 840 6.40 131
Change in wave exposure 026 271 143 152 263
Water flow rate changes 086 6.69 579 433 7.62

Values falling in the bottom 20% nén-zerovalues seen in the study area (i.e. the lowest quintile of the
distribution) are shaded iblue. Entries shaded igreenfall within the second quintile, whilst those
shadedorangeand red fall in the third and fourth quintiles respectively. Entries shadegurple 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 atedywere identified by summing

‘O, r i estimates across all contributory activities and pressures for each habitat and BC drasirn
outlined in phase two of the assessment framewdflg(re7). These outputs are presented dablel4
andTablel5, respectivelyFor 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 omitteth&o
tables.
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These data are also presented graphically as series of figures within Arrig9 to Figurel3 show
the relative contribution made by each activity to the impacts seen by the five most impacted habitats,
whilst Figurel4to Figurel8 show the relative contribution of different pressures. SimilaRigurel9to
Figure23 show the relative contribution made by each activity to the impacts seen by the five most
impacted BC, whilgtigure24 to Figure28 show the relative contribution made by each pressurétie

impacts seen bthe most impacted BC.

Derive impact indices for each Select region, supply input data
activity, pressure, habitat & BC matrices and run models
combination

Integrate across activities &

. - s Identify top five Identify top five

%epz%:gzs (}(oe;/(:)Iehne:gylt aﬂgngflg%l impacted habitats impacted BC
1 1

Filter results and integrate ' l ' l
across key habitats & BC to Ident_n‘y top Ident'lfy top Ident_lfy top Ident_n‘y top
id if . T contributory contributory contributory contributory
' e_m_| _y m;un contrioutory activities pressures activities pressures
activities & pressures

Figure7: Assessment framework phase two (highlighted in red)
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Tablel4: Mostimpacted habitats

e & P
Habitat o S e 3 =
2 & = 2 3
Littoral rock and biogenic reef 10.55 14.96
Littoral sediment 15.51 20.01 14.96 8.78
Shallow sublittoral rocknd 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
Shelfsublittoral 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
Abyssalock and biogenic reef 0.21
Abyssal edimerts 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 indicathe five highest overall levels of impasten in each study area

34



Tablel5: Most impacted BC

© «

— o) [0}

— o 0 n

(O] X [ =

o Z 2 8 5

Biodiversity component (BC) s o o § %

(] (] (] o ()

L % % = =

= < < 3 3

m m m b= n
Phytoplankton 4.86 4.65 9.60 0.98 4.82
Zooplankton 4.94 4.28 8.90 0.91 481
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 indicathe five highest overall levels of impasten in each study area

Under phase three of the assessment framewdrigre8) 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 Trablel4 and Tablel5) were calalated (Tablel6to Tablel9). For clarity,

zero values have been omitted from these tables. Also, habitats and pressures that did not contribute to
the effectson themost impacted habitats or BC in any of thedy areas have been omitted from the

tables.

Derive impact indices for each
activity, pressure, habitat & BC
combination

Select region, supply input data
matrices and run models

Integrate across activities &
pressures to identify principal impacted habitats
impacted (key) habitats & BC

Identify top five

Identify top five

impacted BC

Filter results and integrate

aCross key habitats & BC to Identify top Identify top Identify top Identify top
e . I contributory contributory contributory contributory
identify main contributory activities pressures activities pressures

activities & pressures

Figure8: Assessment framework phase three (highlighted in red)
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Tablel6: Relative levels of impact of activities on top five affected habitats

Sector Activity

o
n
c
=
A
o
=z
c
=
(7]
<
=
>
o
n

Black Sea (BG)
Black Sea (UKR)
Mediterranean Sea

Baltic Sea

Aquaculture (including  Fin-fish ¢ operational 0.94
marine biotechnology
based on aquaculture) Shellfishq operational 1.02 167 0.72
Benthic trawls and dredgesoperation 3.72 088 4.82 26.75 23.17
Benthic trawls and dredgesgeneral 22.93
Nets (fixed/set/gillnets/other nets/linesh set up/recovery 0.41
o Nets (fixed/set/gillnets/other nets/linesy operational 1.80 271
Fishing Nets (fixed/set/gillnets/other nets/linesy general 2.76
Pelagic trawls; operations 1.13 7.53
Pelagic trawls; general 241 31.83
Potting/creelingq operational 0.23
Shipping Mooring/anchoring/beaching/launching 045 1.57
General 11.86 13.57 38.45 19.59 0.84
Renewable energy Tidal sluices; operational 0.30
g?;lrs :r()ewable ENeIY  Nuclear power stations (larbased, but coastal) operational 0.69
Aggregates Sand/gravel aggregatésextraction of substrate 5.35 491
Sand/gravel aggregatésdisposal 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
Artificial reefsg operational 0.22
Qulverting lagoong operational 0.61
Marinas and dock/port facilities construction 0.40
Coastal Infrastructure  Marinas and dock/port facilities operational 082 7.02 494 490 0.49
Land claimg operational 0.62
Coastal defence sea walls/breakwaters/groynesconstruction 040 0.25
Qoastal defence sea walls/breakwaters/groynesoperational 0.22 501 033 134 4093
Landbased Industry Discharges into rivers and coastal watersperational 091 1592 9.12 410 148
Agriculture General 0.46 450 954 185 1.00
Boating/yachting/diving/water sportg general 2.88 2.95
Tourism/recreation Public beach general 059 454 997 174 0.24
Tourist resortc operational 0.70 414 233 279
Military General 0.65 3.28
Waste water treatment Operational 117 3486 29.38 4.70 1.24

Shaded cells indicathe ten highest overall levels of impafrom individual activitieseen in each study

area
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Tablel7: Relative levels of impact of pressures top five affected habitats

g & 3

Pressure 8 s s 8 E

e =< = = Z
Smothering 129 199 369 438 3.89
Sealing/substratum loss 093 019 152 397 4.07
Changes in siltation 3.14 965 1057 8.21 5.33
Abrasion 103 166 3.05 370 3.58
Selective extraction of naliving resources 056 011 0.60 346 295
Underwater noise 0.80 213 457 325 250
Marine Litter 352 921 20.68 10.88 0.70
Thermal regime changes 031 631 493 148 043
Salinity regime&hanges 038 696 6.31 176 0.62
Introduction ofsynthetic compounds 341 1096 20.33 9.79 1.62
Introduction of nonsynthetic compounds 3.42 10.61 19.89 8.96 1.47
Introduction of radionuclides 037 163 175 042 091
Nitrogen and Phosphorus enrichment 020 328 373 080 0.26
Input of organic matter 138 646 977 457 4.16
Introduction of microbial pathogens 185 9.83 1835 6.69 0.63
Introduction of nonindigenous spp. and translocations 275 741 13.84 840 0.46
Selective extraction of species 0.63 1.08 9.97 1091 5.34
Death or injury by collision 0.07
Barrier to species movement 0.89 0.71
pH changes 036 568 499 149 047
Change in wave exposure 0.07 156 022 043 224
Water flow rate changes 023 371 190 124 296

Shaded cells indicatthe five highest overall levels of impafiom individual pressures seen in each

study area
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Tablel18: Relative levels of impact of activities on top five affected BC

Sector Activity

o
n
c
=
A
o
=z
c
=
(7]
<
=
>
o
n

Black Sea (BG)
Black Sea (UKR)
Mediterranean Sea

Baltic Sea

Aquaculture (including  Fn-fisht, operational 1.36
marine biotechnology
based on aquaculture) Shellfishb operational 101 194 1.02
Benthic trawls and dredgdsoperation 10.03 4.24 6.11 32.13 56.69
Benthic trawls and dredgdsgeneral 27.57
Nets (fixed/set/gillnets/other nets/linesh set up/recovery 1.07
o Nets (fixed/set/gillnets/other nets/lines} operational 4.64 3.50
Fishing Nets (fixed/set/gillnets/other nets/linesh general 7.10
Pelagic trawls$ operations 152 321 1.00 1.60
Pelagic trawls general 3.48 18.14
Potting/creelingb operational 0.21
Shipping Mooring/anchoring/beaching/launching 1.09 1.08
General 22.39 17.44 2530 48.73 3.64
\an farmshb operational (active cables laying on seafloor, moving 123
Renewable energy turbines)
Tidal sluice$ operational 0.25
Nonrenewable energy Ol andgasbexploration, construction, decommissioning 0.40
(ail, gas and hydro) Oil andgasb operational 2.18
?:f;lr(;a :swable energy Nuclear power stations (larbased, but coastal) operational 0.48
Sand/gravel aggregatésextraction of substrate 5.35 6.49
Aggregates
Sand/gravel aggregatésdisposal of spoil/waste 0.99 1.20 0.86
Navigational dredging Extraction of substrate 1.16
Disposal of spoil/waste 0.84
Artificial reefsb operational 0.63
Qulverting lagoon$ operational 0.72
Marinas and dock/port facilitiels construction 0.64
Coastal Infrastructure  Marinas and dock/port facilitiels operational 130 894 1941 17.16 0.41
Land claimb operational 0.35
Coastal defence sea walls/breakwaters/groyndsconstruction 0.64 0.35
CQoastaldefence- sea walls/breakwaters/groyndsoperational 043 7.03 3.08 468 3.03
Landbased Industry Discharges into rivers and coastal watbrsperational 1.49 24.75 16.77 1434 171
Agriculture General 293 346 18.12 764 151
Boating/yachting/diving/water sporté general 8.98 4.66
Tourism/recreation Public beact general 0.75 477 1420 6.08 0.14
Tourist resortb operational 092 6.62 335 977
Military General 0.23 299
Waste water treatment Operational 156 44.68 29.10 19.49 1.48

Shaded cells indicatte ten highest overall levels of impafrom individual activities seen in each study

area
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Tablel9: Relative levels of impact of pressures on top five affected BC

& 8

) x c =

K m b

o ) 1) g

Pressure o o = E =

0 n 3 5 @

L X =< = =

s & & 3 3

m o o = n
Smothering 284 284 503 7.06 9.29
Sealing/substratum loss 204 072 168 477 8.97
Changes in siltation 6.60 13.98 12.86 19.06 10.36
Abrasion 227 235 499 6.17 822
Selective extraction of nelivingresources 134 054 077 416 6.82
Underwater noise 160 225 536 6.03 571
Marine Litter 592 1212 19.25 23.74 1.18
Thermal regime changes 048 841 743 552 0.46
Salinity regime changes 0.93 889 10.15 6.68 0.74
Introduction of gyntheticcompounds 741 14.04 18.81 2190 2.85
Introduction of nonsynthetic compounds 7.40 13.83 16.81 19.62 2.67
Introduction of radionuclides 054 254 248 146 1.08
Nitrogen and Phosphorus enrichment 057 447 408 312 0.82
Input of organic matter 355 862 10.79 9.64 9.02
Introduction of microbial pathogens 3.12 1247 16.87 1540 1.12
Introduction of nonindigenous spp. and translocations 6.39 931 13.07 1749 1.23
Selective extraction of species 164 212 584 1585 1159
Death or injury byollision 0.79
Barrier to species movement 230 0.95
pH changes 094 747 6.94 557 071
Change in wave exposure 0.15 217 1.04 152 155
Water flow rate changes 042 512 473 433 3.05

Shaded cells indicatthe five highest overall levels ampact 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 basesewrraimaindrivers:

1 a plethora of international, EU and regional commitments and aspirations for healthy seas and
productive oceans (includingyter alig the Convention on Biological Diversity, various regional

sea conventionsthe Marine Strategy Framework Directjye

1 theneed to include spatial management and elements of prioritisation in conservation planning
(e.g. EU MSP, Micheti al., 2013);

1 the desire to employ the ecosystem approach in the management of human activities (e.qg.
UNEP/MAP 2012and

1 theneed to developprinciples of integrated monitoring and large scale approadbesffective
and cost efficienassessment aniinplementation ofmanagement strategieZampouka®t 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, Bogh, 2014). Throughout, data
availability has dictated the adoption of one twfo possible approaches; a datkependent geospatial

LX I yyAy3a NBdziS 2NJ I+ woSad [ @LrAtloftS RFEGEFEQES SELISN

5.1.2. The DEVOTES model

There are numerous conceptual and methodological tools availdide can be applied to marine
assessment(e.g. DPSIR/D?SW(I)R and other related frameworksg)lthough tasks such as the
assessment of cumulative impacts of human pressuresiswallysupported through e application of
spatially explicit tools (e.gstelzenmdlleret al, 2010, 2013. A recent EU project (MBMA) 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 MESMAStelzenmiilleet al, 2012) andthe&S 2F 'y Ay GS3aINI §SR YI-yI 3SY
combining science and governance, within an emmhing assessment framework that includes a
geodata portal with pressure and impact mapwas explored. There are, however, numerous regional
examples othe spatial data approach of overlapping threats with habitats and activities (e.gt@db)!

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

regions (Barnar@t al, 2015). The latter uses spatiatd for a range of activities and relates these to
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pressures and impacts through a series of interlinked matrices. Another recent expdfeoe
approach for assessing ecosystanigde risks from human activities (Knighet al, 2015) is
demonstrated for éur regional seas based on a pressure assessment (Roldhabn2013) and a set of
matrices linking activities, pressures and biodiversity components (&osa$, 2011, Knightst al,
2013). This latter approach is based on expert knowledge and catabalata €.g. the extent of
activities and resulting pressures are recorded as widespread, local or site spattiBc than as
gquantitative estimates of arga The aim othe work was to evaluate the risk of an adverse ecological
impact from current mman activities on a suite of ecological components and, once impacted, the time
required for recovery to prémpact conditions should those activities subsidghilst the DEVOTES
approach presented ithis deliverableis also based on a qualitative expgutigment assessment of
impact chains and shares some of the background matrices and linkage thinkiimgd byKnightset

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

Methodologically, the DEVOTES raballows for increasedprecision in inputsgndhenceconfidence in
outputs) over that seen for other approachdsor examplecategories usetb define the spatial overlap
of habitats and human marine activitiegsthe DEVOTES approatdtow for overlapo be recorded in six
classeswhilst the resultingpotential for impactdue to any such overlapanbe assigned to one of five
classeslIn addition the model(through the introduction of the PEC factors) effectively weigbgstain
pressuresallowing themto impact across darger footprint than the activity they originate from (e.g.
extent of noise or litter on the environment arising from shipping is nledeto spread/dissipate

beyond the shipping lanes).

The major differences, however, lie ithe use of expert judgement; the twstage approach that

underlies the modelling; and the scalability of application.

1 By relying on expert judgement rather than empirical data, the model not only avoids potential
pitfalls in areas where detailed spatial bitat data are not available (e.g. in parts of the

Mediterranean Sea and the Black Sea) but also permits scamadelling presenting a robust
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framework for combining existing information on the sensitivity of species/habitats allowing
predictions of eceystem 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
scenaros. With particular regard to climate changadgementon 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, changesansfacich as thermal

regimes, the incidence of neindigenous species, or changes in the extent of coastal defence

works (sea walls and or breakwaters) can also be considered.
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1 The first generic stage of thmodelling (analogous to a high level threat risksessment
approach) identifies the most damaging activities and puess 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 anyeoall impacts seen. The need for more
RSGFAf SR SELISNI 2dzR3ISYSyid Oly STFFSOGiA@Ste oS
1 Finally, the model can be applied at a range of scales (e.g. fronsoad local embayments,

through marine basins angp to regional seas or portions thereof).

The modelling approach that has been adopted herehdistic, in the sense that not only does it
encompassall seabed typegrather than a selectedubset of habitattypes) but it also integrates across
the full suite of extant activities and pressure@verall, the model considers a total of 84 activities, 22
pressures, 23 habitats and 11 Biodiversity components, (B(iplly calculatinga linkage network
describinga total of 467,544 separatémpact 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 sectorét the same time, the model structudlows particulaemphasis to

be placed on specifibabitats where the management of activities and pressures can potentially bring
about substantial beneficial changes in their aus (e.g. shifting from unfawpable to good
conservation status)in addition to consideration of impacts on habitatsnghasis is also given to the
likely levels of impact experienced kyjodiversity components, agaiallowing subsequentneasures
andactions to be directed where risk for harm is greater. The approach also smehigressures and
associated impacts that hayveo date, been oerlooked - either due to data deficiency or lack of

knowledge- to be easily included in futurassessmerst ofcumulative 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 wikty alia, depend on the history of exposure to
activities and pressures (leadjnfor 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 prioritgiodiversity componentsThusthe model framework is ablewhilst

being applied at paicuropean scaldp identify and prioritse sectorsand pressures that are of region
specific concern as demonstratedby the tabular and graphical representation of the results in the

Deliverable.

Application ofthe model has necessitated a number of assumptions and there are, inevitably, a number
of limitations to the approach-or example, oly the direct (linear) effects of pressures ohabitats and

biodiversity componentsare considereddespite the fact thaindirect effects can play an important role
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in the functioning of an ecosystema.¢. Montoyaet al., 2006), whilemany of the responseshat result

may benon-linear (Duarteet al., 2008).

Although the method considers a suite of Zhdogenic managed pressures, it is acknowledged that
marine systems are also subject to a numb&exogenic unmanaged pressures and these are not taken

into consideration.

The model assumes thatimulative risk is additiven practice mteractions may bedditive, 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 (€train 2008). As a
result, the method may overr underestimate 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 diéverable.

Due to time constraints it has not been possible to undertake a detailed review of these outputa but
overview, the2 dzii Lddzia I NB Ay 3ISySNJI f FaINBSYSyild 6AGK (F
environmental states and challenges as seethatlevel of major regional resources.de UNEP/MAP

2012 Black Sea Commission SoE, 2009 and the recently revised yersion

5.2. FRurther work

As it is currently presented, the model does not require estimates of the spatial extent of habitat types.
The absencef 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 statuseafch habitat (with respect to the attainment of

GES) is of fundamental importance.

However one of thechallenges for Europedregional SeaBesin the alignment of the sustainable use
of marine resources with the maintenance of ecosystem health and ifumiog, as demanded by the
MSFDwhile the ecosystenbbased MSP approadEU Directive, 2014¥quires robust estimates of the
risks of adverse effects of cumulative human pressures on the marine environment at meaningful

ecological scalegStelzenniiller et al., 2015)

A possible future step to address this demand would be to marry the expert judgement assessment with
guantitative (e.g. GH8ased) measures of habitat extent which would allow more accurate application of
the models, especially inircumstances where there is a high degree of spatial variability of habitat

(when assessed at a relatively small scale).
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Finally, Stelzenmilleet al. (2015) suggest thatngertainty should be recogsed and constructively
handled for any risk assessment framewohk 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 provideamore balanced and informative seff outputs when applied to specific case studies.
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ANNEX A INPUT DATA

A.l Introduction

The following tablepresentthe inputs thathave been used in the current stutly support each of the

case studies.

For each of thdive casestudy areashe initial (expert judgement) data for:
activity extent,0 'O,

activity frequencyp "Q

generic impact potentialO"'Op:;

pressure extent coefficient) O ¢ ;

activity-habitat spatial overlap) "O"Yg;

resilience,Y ; ; and

degree of impactD ¢ {0

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

Table20: Input matrices forBaltic Seacase study:= B= and-q E_ﬁ:

Activity

Selective extraction of
non-living resources
Thermal regime changes
Salinity regime changes
Introduction of Synthetic
Introduction of non-synthetic
Introduction of radionuclides
Introduction of microbial
pathogens

Introduction of nor-indigenous
spp. and translocations
Death or injury by collision
Barrier to species movement
Change in wave exposure
Water flow rate changes

Input of organic matter
I Selective extraction of species

Finfish - construction/installation of infrastructure
Finfish - operational

Macro-algae- construction/installation of infrastructure
Macro-algae- operational

Shellfish construction/installation of infrastructure
Shellfish- operational

Benthic trawls and dredgeperation

Benthic trawls and dredgesnooring/anchoring

Benthic trawls and dredgegyeneral

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

Fishing Pelagidrawls - mooring/anchoring

Pelagic trawls general

Potting/creeling set up/recovery 1 1 1

Potting/creeling operational 2
Potting/creeling general 3

Suction/hydraulic dredgesoperations

Suction/hydraulic dredgesmooring/anchoring

Suction/hydraulic dredgesgeneral

Mooring/anchoring/beaching/launching 2 4
General 2 4
Wind farms- construction- installation/deinstallation of turbines on

seafloor

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

Wave energy construction, cable laying, decommissioning

Wave energy operational

Tidal sluices construction

Tidal sluices operational

Tidal barragesconstruction

Tidal barragesoperational

Nonrenewable Oil and Gasexploration, construction, decommissioning

energy (oil, gas and Oil and Gasoperational

hydro) Hydro- operational

= rH changes

Aguaculture (inc.
aquaculturebased
marine biotech)

SR Sealing/substratum loss

NSNS I Marine Litter
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w
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=
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Activity

Introduction of Synthetic
Introduction of non-synthetic
compounds

Introduction of radionuclides
Introduction of nor-indigenous
spp. and translocations
Selective extraction of species
Death or injury by collision
Barrier to species movement

compounds
Nitrogen and Phosphorus

enrichment
Introduction of microbial
Change in wave exposure

Input of organic matter
pathogens

Selective extraction of

S Underwater noise
MMarine Litter

Powerstations (laneébased, but coastaf)construction 3
Power stations (lantbased, but coastaboperational
Nonrenewable Power stations (landbased, but coastab)construction
energy (nuclear)  Power stations (landbased, but coastaboperational
Communication cabledaying cables
Communication cablesactive/operational
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 aggregategxtraction of substrate
Sand/gravel aggregateslisposal of spoil/waste
Capital dredging extraction of substrate
Navigational Capital dredging disposal of spoil/waste
dredging Maintenance dredgingextraction ofsubstrate

Maintenance dredgingdisposal of spoil/waste

Artificial reefs- construction

Artificial reefs- operational

Beach replenishmentoperational

Culverting lagoonsconstruction

Culverting lagoonsoperational
Coastal InfrastructuiMarinas and dock/port facilitiesconstruction

Marinas and dock/port facilitiesoperational

Land claim construction

Land clain operational

Coastabefence- sea walls/breakwaters/groynesconstruction

Coastal defenceSea walls/breakwaters/groynesperational
Landbased IndustryIndustry with discharges into rivers and coastal wateperational

! Deforestation

Agriculture General
Recreational angling
Boating/yachting/diving/watesports-
mooring/anchoring/beaching/launching
Tourism/recreation Boating/yachting/diving/water sportsgeneral

Public beach general

Tourist resort construction

Tourist resort operational

Operations (specific to activity but can include: seismic activities, sc
Military Mooring/anchoring/beaching/launching

General
Research Operations

[l Salinity regime changes

INIRESEM Thermal regime changes
INERINI \Vater flow rate changes
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General
Peeler crabs (boulder turning)
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Curios

Operational
Operational
Bait digging

Desalination
Waste water
treatment
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Table21: Input matrices for Black Sea (BG) case stueyg, = 31 and E_Lh:

Activity

Selective extraction of
non-living resources
Thermal regime changes
Salinity regime changes
Introduction of Synthetic
compounds
Introduction of non-synthetic
compounds
Introduction of radionuclides
Input of organic matter
Introduction of microbial
pathogens
Introduction of nor-indigenous
spp. and translocations

I Selectiveextraction of species
Death or injury by collision
Barrier to species movement
Change in wave exposure
Water flow rate changes

I Sealing/substratum loss

Finfish - construction/installation of infrastructure
Finfish - operational
Aquaculture (inc. - Macro-algae- construction/installation of infrastructure
aquaculturebased -
marine biotech) Macro-algae- operational
Shellfish construction/installation of infrastructure
Shellfish- operational
Benthic trawls and dredge®peration
Benthic trawls and dredgesnooring/anchoring
Benthic trawls and dredgegeneral
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
Fishing Pelagic trawls mooring/anchoring
Pelagic trawls general
Potting/creeling- set up/recovery 1
Potting/creeling- operational 2 4
Potting/creeling- general 3
Suction/hydraulic dredgesoperations
Suction/hydraulic dredgesmooring/anchoring
Suction/hydraulic dredgesgeneral
Mooring/anchoring/beaching/launching 2 4
General 3 4 3 4 1 4 2 4

Wind farms- construction- installation/deinstallation of turbines on
seafloor 4 4 3 4 2 2 1

Wind farms- operational (active cables laying on seafloor, moving
turbines) 4

Wave energy construction, cabléaying, decommissioning 3 2 1 3 1 1 1
Wave energy operational
Tidal sluices construction 4 4 3 4 2 1 1
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Deliverable 1.2Report on seaspecific matrices of pressureémpact links
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Tidal sluices operational 3 2 3 4 4 4
Tidal barragesconstruction 4 4 3 4 2 1 1
Tidal barragesoperational 3 3 3 4 4 4
Oiland Gasexploration, construction, decommissioning 11 4 2 3 4 1 2 1 4 2
Nonrenewable Oil and Gasoperational 1 3 1 3 2 4 1 1 3 2
energy (oil, gas andHydro- operational 1 1 1 4 4
hydro) Powerstations (lanebased, but coastatconstruction 4 4 3 2 1 1 1 1
Power stations (lantbased, but coastaboperational 1 4 1 1 2 3
Non-renewable Power stationgland-based, but coastal)construction 4 4 3 2 1 1 1 1
energy (nuclear)  Power stations (landased, but coastal)operational 1 4 1 1 2 4 4
... Communication cabledaying cables 11 3 1 2 3 2 3 1
Telecommunication:s — - -
Communication cablesactive/operational 1 1
Maerl - extraction of substrate 2 4 4 4 4 4 1 1 1
Maerl - disposal okpoil/waste 3 4 4 2 1
Aggregates Rock/Minerals coastal quarrying extraction of su'bstrate 2 4 3 4 4 2 1 1 1 1
Rock/Minerals coastal quarrying disposal of spoil/waste 3 4 3 2
Sand/gravel aggregatextraction of substrate 2 4 4 4 4 1 3 2 2 1
Sand/gravel aggregateslisposal of spoil/waste 3 4 4 2 1 3 2 2
Capitaldredging- extraction of substrate 2 4 4 4 4 4 3 3 2 3 4
Navigational Capital dredging disposal of spoil/waste 3 4 2 3 3 2 2
dredging Maintenance dredgingextraction of substrate 2 4 4 4 4 4 3 3 2 3
Maintenance dredgingdisposal of spoil/waste 3 4 2 3 3 2 2
Artificial reefs- construction 4 3 4 3
Artificial reefs- operational 1 4 4
Beach replenishmentoperational 1 1 4 4 3 2
Culverting lagoonsconstruction 3 2 4 2 3
Culverting lagoonsoperational 1 3 4 2 4
Coastal InfrastructurMarinas and dock/port facilitiesconstruction 1 1 3 4 3 4 3
Marinas and dock/port facilitiesoperational 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 defencesea walls/breakwaters/groynesconstruction 3 1 4 4 3 2 3
Coastal defenceSea walls/breakwaters/groynesperational 3 4 1 4 4
Landbased IndustryIndustry with discharges into rivers and coastal wataperational 2 4 3 1 3 3 4 4 1 3 2 4 1
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Aariculture Deforestation
9 General 1 4 3 2 4 2 4 4 4 2
Recreational angling 1 2 1 1 1 2 2
Boating/yachting/diving/watesports- s 9
mooring/anchoring/beaching/launching 1 1 2 2
Tourism/recreation Boating/yachting/diving/water sportsgeneral 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
Operations (specific to activity but can include: seismic activities, sc 1 2 2 2 2 2
Military Mooring/anchoring/beaching/launching 1 2 2 1
General 1 1 2 1 3 3 3
Operations 1 2 1 1 1 1 1
Research Mooring/anchoring/beaching/launching 11 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
Bait digging 2 3 2 2
Seaweed and saltmarsh vegetation harvesting 2 1 2 2 2 1
. . _Bird eggs 1 1 2
Harvesting/collectinigy Siiech hand collecting 2 2 2 2 2
Peeler crabs (boulder turning) 2 1 2 2
Curios 1 1
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Deliverable 1.2Report on seaspecific matrices of pressureémpact links

Table22: Input matrices forBlackSea(UKR)case study= g, =3k and '=be

Activity

Selective extraction of
non-living resources
Thermal regime changes
Salinity regime changes
Introduction of Synthetic
compounds
Introduction of non-synthetic
compounds
Introduction of radionuclides
Input of organic matter
Introduction of microbial
pathogens
Introduction of nor-indigenous
spp. and translocations

& Selective extraction of species
Death or injury by collision
Barrier to species movement
Change in wave exposure
Water flow rate changes

I Sealing/substratum loss

Finfish - construction/installation of infrastructure
Finfish - operational
Aquaculture (inc. - Macro-algae- construction/installation of infrastructure
aquaculturebased -
marine biotech) Macro-algae- operational
Shellfish construction/installation of infrastructure
Shellfish- operational
Benthictrawls and dredgesoperation
Benthic trawls and dredgesnooring/anchoring
Benthic trawls and dredgegeneral
Nets (fixed/set/gillnets/othemnets/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
Fishing Pelagic trawls mooring/anchoring
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
Suction/hydraulic dredgesoperations
Suction/hydraulic dredgesmooring/anchoring
Suction/hydraulic dredgesgeneral
Mooring/anchoring/beaching/launching 2 4
General 5 4 3 4 1 4 2 4
Wind farms- construction- installation/deinstallation of turbines on 1
seafloor
Wind farms- operational (active cables laying on seafloor, moving 4 4 1 3
1
1

SIENIENIESIESIES I Marine Litter
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NI Smothering
INIMITNMIEN NN Changes in siltation
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turbines)

Wave energy construction, cable laying, decommissioning 3 2 1 3 1 1 1
Wave energy operational
Tidal sluices construction 4 4 3 4 2 1 1

Renewable energy

w
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