Maritime Spatial Planning: Transboundary Cooperation in the Celtic Seas

Workshop on Cumulative Effects Assessment
and Marine Spatial Planning

Co-funded by the
European Union

AGENCE FRANCAISE n\ h E
s 5 RIODIVERS(TE gnr'u ure, Eavironment
(i BIODIVERSITE .mclﬂunl Affairs

o

B e s 1 BUCC @ (ivirpodt

" Mirg ’ 41 c ha M-«nmm
i tqo'.cu- Cettiote ne




* ¥ &
b ¢
x

m Workshop Overview "
How can Cumulative Effects Assessment methodology
be incorporated in MSP?

9.15-10.15 10.15-11.15
Presentations Roundtable Discussions
Welcome
Sue Kidd, University of Liverpool Strengths and challenges of applying

. CEA in MSP processes
SIMCelt Case Studies

Caitriona Nic Aonghusa, Marine Institute - .
Ireland Possible solutions to challenges

Frédéric Quemmerais, French
Biodiversity Agency

Key messages

CEA Experience from Elsewhere
Adrian Judd, CEFAS, United Kingdom

Maria da Luz Fernandes, University of
Aveiro, Portugal

Stefano Menegon, CNR-ISMAR, Italy




MSP Directive and Cumulative Effects

MSP will contribute to the effective management of marine activities and the sustainable use of
marine and coastal resources, by creating a framework for consistent, transparent, sustainable and

evidence-based decision-making

MSP should apply an ecosystem-based approach .... with the aim of ensuring that the collective
pressure of all activities is kept within levels compatible with the achievement of good environmental
status and that the capacity of marine ecosystems to respond to human-induced changes is not
compromised, while contributing to the sustainable use of marine goods and services by present and

future generations.

The approach will also allow for an adaptive management which ensures refinement and further
development as experience and knowledge increase



How can Cumulative Effects Assessment methodology be
incorporated in MSP?
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How can Cumulative Effects Assessment
methodology be incorporated in MSP?

Roundtable Discussions (45 mins)

* Introductions

* Strengths and challenges of applying CEA in MSP processes
* Possible solutions to challenges

* 3 Key messages

Group Feedback (15mins)

11.15 Coffee Break!!!






* X
* *
*

*

* 4 %

Co-funded by the
European Union

Addressing cumulative effects assessment in Marine
Spatial Planning:
Findings from the SIMCelt Irish Sea case study.

Caitriona Nic Aonghusa, Caoimhin Kelly, Eugene Nixon

Marine Institute
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Assessment of Cumulative Effects in the Irish Sea

* Approach:

[ — Identify and map the human activities, habitats and
conservation area;

— Assess the resulting pressures;
[ - Determine the cumulative effects relevant to
planners.
* QOutputs:

[ - Maps of human activities, receiving environment
(sensitivity) and pressures for the Irish Sea (seabed
disturbance);

— Recommendations on cumulative effects assessment
methodology

* * %
* B
* *

*
* 4k

Co-funded by the
European Union

ﬁ Marine In i



Cumulative Effects Assessment

* A systematic procedure for identifying and
evaluating the significance of effects from
multiple sources and for providing an
estimate of the overall expected impact;

* Multiple legislative drivers for CEA,;

* The aim of CEA for MSP is to provide a
composite of activities, pressures and the
ecosystem in a way that the effects can be
traced back to causal factors

* Lack of clarity on how ‘cumulative effects’
are defined with respect to the
implementation of MSP Directive;
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Source sectors, e.g

* Offshore wind farm construction

+  Coast protectionworks

+ Port / harbour constructionand maintenance

Source activities, e.g.
= Piledriving
= Blasting

Pressure:

S—Q-m—w“;; 7 Is.e.g = Impulsive noise
* Tidal barrage
+ Land reclamation Effects:
+ *  Mortality
* Injury
Source activities, e.g. * Disturbance
* Physical precense Receptors:
*  Marine mammals
Pressure: * Fish
* Barrier to species movement
Source sectors. e.g. i P
= Fishi
e Effects:
Source activities. e.g. + : mj‘;’:':m"
* Pelagic trawls
7 * Disturbance
Receptors:
Pressures. e.g. * Marine mammals
* Extraction of target species * Fish
« Extraction of non-target species (by-catch)
Effects. e.g.
= Mortality
* Injury
* Disturbance
Receptors. e.g.
= Marine mammals
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A Global Review of Cumulative
Pressure and Impact Assessments in
- Marine Environments
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ODEMM Tool

» Options for Delivering Ecosystem Based Marine Management (ODEMM)
is an ecosystem-based marine management tool.

* SIMCelt is using ODEMM Pressure Assessment to '
* Identify the activities causing pressure in the Irish Sea sy

* Prioritise pressures in the Irish Sea. St S N
* Assess sensitivity of receiving environment — '

PRESSURE ASSESSMENT CRITERIA

EXPOSURE/LIKELIHOOD SEVERITY

A
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ODEMM Irish Sea Pressure Assessment

Beam Trawling

Bottom Trawling

Coastal Infrastructure
Dredging
Harvesting/Collecting
Land-based Industry
Military

Non-renewable (oil & gas)
Nuclear

Pelagic Trawling

Potting

Renewable Energy
Research

Shipping
Telecommunications
Tourism/Recreation
Waste Water

Human Activities

Pressures Ecosystem Components

Baleen Whales
Cephalopods
Coastal Pelagic
Demersal Elasmo
Demersal Fish
Littoral Rock & Reef
Littoral Sediment
Pelagic Elasmo
Pelagic Fish

Reptiles

Seabirds

Seals
Shallow Mud
Shallow Rock & Reef
Shallow Sediment
Shelf Pelagic

Shelf Rock & Reef
Shelf Sediment
Toothed Whales

Current Changes
Discards
Emergence Regime
EMF

Incidental Loss
Invasive Species
Litter
Noise
Non-living Resources
Non-synthetic Compounds
Organic Enrichment

pH Changes
Radionuclides

Synthetic Compounds
Thermal Regime
Wave Exposure




Human Activities
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Cumulative Effects Assessment in th Sr
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Pressure Assessment

Seabed disturbance
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Backscatter (INFOMAR)

ODEMM Pressure Assessment tool was used to identify and
weight the interactions between human activities, resultant
pressures and ecological components and helps to determine
which activities to prioritise for management.



Mapping Pressures

rish Sea

Birrmungham

m Abrasion Weighting*

Aquaculture 0.002
®
® o
0.042
0.001
0.004
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Impact Risk relative contribution

0.5

Pressures in NW Study Area

* Each activity was weighted based on an impact risk score
calculated using the ODEMM pressure assessment tool

* The GIS methodology to model pressures was based on Lee
et al. (2010).

*ODEMM Impact Risk Score



Beam trawling Dredging

Mapping Abrasion
Pressure

Shipping All Activities
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Receiving Environment

Predominant Habitat Types

Legend

Predominant Habitat Type
Shaliow sublttoral coarse sediment
Shallow sublittoral mixed sediment
Shallow sublittoral mud

Shallow sublittoral rock and biogenic reef
Shallow sublttoral sand

Shelf sublittoral coarse sadiment
Shelf sublittoral mixed sediment

Shelf sublitoral mud

Shelf sublittoral rock and biogenic reef
Shelf sublittoral sand

Upper bathyal sediment
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Benthic Habitats
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SIMCelt database of MPAs in the Celtic Seas
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Mapping the Sensitivity of the Receiving Environment

Sensitivity of habitats to abrasion in study area

Douglas

Shelf sublittoral sand
Shelf sublittoral rock and biogenic reef
Irish Sea

Shelf sublittoral mud

Shelf sublittoral mixed sediment

Shallow sublittoral sand
Legend
Habitat Sensitivity
Shallow sublittoral rock and biogenic reet Vakie
e
Shallow sublittoral mud N
2 - ow

shallow sublittoral mixed sediment

shallow sublittoral coarse sediment

Cumulative Effects Assessment for MSP needs to consider both the exposure to the activity
and the capacity of the receiving environment to assimilate the pressure.
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Spatial Distribution of the Cumulative Effect
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Cumulative Effects Assessment in the Irish Sea

Irish

Legend

Cumulative Effect
Value

oy High

- Low

| +
Duk

Leaflet | Esri Ocean Basemap
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What have we learnt about CEA in MSP?

* Generating maps to report CEA does not fully address the requirements of MSP;
* Need to consider scale, baseline conditions and temporal changes;

* Addressing Cumulative Effects Assessment in MSP is a process:
* Purpose of the cumulative effects assessment
* Scoping process using ecosystem-based approach

Collation of data

Risk of impact

Environmental Effect

Development scenarios

Reporting and visualising cumulative effects

Identify management options

H' Harine i



How the cumulative impacts approach |
supports Maritime Spatial Planning? | Yorede vz remende:

Fatima L. Alves
The Portuguese Case Study
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AIMS AND STUDY AREA

To adapt a Cumulative Impacts Model

(CIM) for the Portuguese Maritime Space

To analyze to which extent such models

can be used to aid spatial planning

SIMCELT CLOSING CONFERENCE | 29 NOVEMBER 2017
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METHOD

v Adapting a CIM approach (Halpern et al., 2008)

* Mapping activities and uses

* Mapping ecosystems

* Weighing values for each activity-ecosystem pair

v Overlapping the CIM scores with the Portuguese MSP

exercise

* Existent Situation

* Potential Situation

*  MSP Proposal
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v Cumulative Impacts Model (CIM) .
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RESULTS

v'"Number of activities and uses
occurring simultaneously within

each ecosystem
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30%
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offshore ecosystems

Intertidal

mud
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MPA

Activities/ uses
i/ (Total

)
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STRENGTHS AND CHALLENGES

Informs on patterns of impacts

Provides inputs on the ecosystems conditions and carrying capacity (although a DPSIR

analysis is needed)
Informs where reductions in anthropogenic pressures should be an explicit goal
Is a flexible tool that can be used for managing and monitoring the measures already in place

Assists in management scenarios within EBM approach

/ COPING 1
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STRENGTHS AND CHALLENGES

Legend
Nature Conservation
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Common principles for CEA

Risk-based CEA

Consideration of environmental, social and
economic parameters

Incorporation of management measures
(including consideration of effectiveness

Consideration of prevailing and changing
conditions

Aligned with amended Annex Il (2017/845) of
the EC Marine Strategy Framework Directive
(MSFD)

Focus assessment on cumulative effects

Centre for Environment
Fisheries & Aquaculture
Science
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A risk-based approach to cumulatve effect assessments for
marine management
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CEA: Ecosystem / Risk Based Approach

Environment
air, water, sediments, plants
animals = biodiversity
(ecosystem)

L, o"

3 N

/(,@ N <
R lat Sustainable use Prevailing &
&egu| a ory and development _ changed

oliC ¢ i iti

policy of marine ® - conditions
framework %, %, ~_resources (e.g. climate)

— — — — value

Centre for Environment
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Science




Catalogues audit trail of :
. : Considers management
supporting evidence,

measures and their
e.g. strength of the ANV _
linkages Hazard effectiveness
= something
with the
potential to
cause harm

Threat 1
= causal
factors

Consequence 1
= unwanted
events

sialeg

Top Event
= |loss of
control of the
hazard

Threat 2
= causal
factors

Consequence 2
= unwanted
events

slalreq
slaleg
slaleg

Threat 3 Consequence 3

= I \ . = unwanted
o Can add quantification of events

effectiveness of
management measures

Slalled

e IEC 31010:2009 is a supporting standard for ISO 31000 and provides guidance on

Centre for Environment

‘A
! Do . : : \
Fisheries & Aquaculture selection and application of systematic techniques for risk assessment. =&'F ’ CefaS

Science
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Four individual bow tie analyses of OSPAR indicators
are chained together. Seabird abundance is shown to
be linked directly to seabird breeding success which
In turn is linked to bow ties on contaminants in
sediments & biota

Centre for Environment
Fisheries & Aquaculture
Science




Thank you

Questions?

adrian.judd@cefas.co.uk
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quping risk of concomitant effects

Methodological overview and first results
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Co-funded by the
European Union

Objective

Develop tool which can help decision making process and address multi-objective
purposes in the context of MSFD & MSP i) synthesis map of human activities and
pressures ii) assessment of risk of concomitant effects

Develop a methodology and tool able to :

- link activity - pressure - ecosystem component
- run assessment of confidence

- be repeatable



Ecosystem

Human activity

apping

e

Pressur

component
mapping

Risk exposure

Risk of effect

mapping

mapping

mapping

Multi activities
mapping

Relational table
Activity - Pressure
+
Spatial model P=f{A)

Multi pressures

mapping {.}_ = Z P;‘-Ji:' X C; — [PC = Z P,."

1

Baenthic
habitat

Synthesis map of benthic

habitats
CE1

Ex(CE1,AnPi) Risk of multi
exposure mapping

Ex(CE1,A1P1)

Sensitivity table
Habitat — Physical

pressure REF_P}E:{ = RE'Y_R.ER * l_[J.-..;‘_

) 4
nj

Ef(CELALPL) Ef{CEL,AnPI|

Mapping risk of concomitants effect

hetween benthic habitats and physical REFC = Z Z REF P.E
— A4S

pressures
Ef{CEL,P1-Pi) jelk=1



Human activities

Period of

Unit per cell
P available data

Human sector of activity Intensity parameters

. Interannual average quantity of
Aggregate dredging . tons / year 2011-2014
dredged material
Submarine cables Sum of linear cables linear km continuous Physical pressures
Navigational dredging . tons / year 2011-2015
dredged material pr_pl_1 removal of substratum (extraction)
Immersion of dredged Interannual average quantity of
. . tons / year 2005-2013 128 16 Penetration and/or disturbance of the
material dumped material Pr_p2_ Pr_p2_ substrate below the surface of the seabed
Aquaculture (oyster, estimation of maximum quantity of
- : tons unknown 13 Abrasion/disturb f the substrat
mussel) livestock farmlng pr_pl_ rasion/disturbance of the substrate
. L Smothering and siltation rate ch
Benthic trawls Interannual average fishing effort  hours / year 2013-2016 pr_pl_7 (Limg:t)ermg anc siftation rate changes
Bottom nets Interannual average fishing effort  hours / year 2013-2016 or_pl 8 Smothering and siltation rate changes
- - (Heavy)
Bottom longlines Interannual average fishing effort ~ hours / year 2013-2016 pr_p2_1 Physical loss
pr_p2_2 Physical change
Scoubidou Interannual average fishing effort  hours / year 2013-2016
Water flow (tidal current) changes,
pr_p3_1 including sediment transport
L 2013-2016 considerations
Dredge Interannual average fishing effort  hours / year
2013-2016 pr_p3_2 Changes in suspended solids (water clarity)
Maritime transport Number of ship by type Nb of ship/year 2012 .
pr_p3_3 Temperature change (decrease or increase)
pr_p3_4 Salinity change (decrease or increase)




Habitat A5.14 (circalittoral
0,1-10
10-20
20 - 40
I 40-60
B 60-80
Bl 80-100
0%




M Management of de‘lta Analysis
¢ sol.lrcesand WIRRPIng configuration option
T 4 Qgis Excel
- Display GIS layer
- Shaping geographic information UPDATE CONFIGURATION Programmingand
- Modification of GIS layer and table - Relationaltable calculsation
- Map edition -Sensitivity R/ Rstudio
-Activity — pressure
- pressure effect buffer a .
- Modification of GIS layer -Automated analysis
<Addilionof dats - Automated output producing
- Addition of calculation test (dbtableand/or GISlayer)
- Modification of calculation option
database - Modification of code calculation
P";’:ﬂg“‘{sm o RUNNING ASSESSMENT
BRmRLLIR 1) Choosingarea of calculation
-managementand back 1) Choosingcalculation test
up of data 2) Launch R

Non expert user

Expert user



Map of human activities

IMA 1 (Index of Marine Activities n°1 : Sum of marine activities presence at sea) IMA 2 (Index of Marine Activities n°2 : Sum of marine activities intensity at sea)
0 0.00-0.20
1 0.20 - 0.60
2 Cobriinats ystem - WGS 84/ Peudo Mercator % 0.60-1.00 Conrdmale system - WGS 84! Paeuc Mercator
3 Bl 1.00-1.50

11/2017 11/2017
Ml s Bl 1.50-3.17




Map of human activities
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IMA 3 : Index of Marine Activities, clustering of IMA 2 with kmeans method (8 class)
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Nl
l C
c3
c4
I Cs
Bl Cs
c7

Map background : SHOM, IGN, AFB
Coordinate system : WGS 84 / Pseudo Mercator

11/2017




Pressures and Multi pressures map

0 50 100 km
—_—
-8 7 -6

PR_P1_2: pressure penetration and/or disturbance of the substrate

0.000 - 0.070
0.070 - 0.495
B 0.495-0.971
Bl 0.971-3.174

Map background : SHOM. IGN, AFB
Coordinate system : WGS 84 / Pseudo Mercator

112017

Multi Pressure Index: physical pressure

0.0000 - 0.1

Map back d : SHOM, IGN, AFB
0.1-2.3471 C:Erdi:;tgr::s?em : WGS 84 / Pseudo Mercator
2.3471 - 4.4942

12017

Bl 4.4942 - 8.1018
Bl 3.1018 - 23.2657




Multi Pressures Map

PR_P1_1 PR_P1_2
. I
| b [ !
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1 . :
PR_P1_7 PR_P1_8 PR_P2_1
‘ i
. Py
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PR_P2_2 PR_P3_1 PR_P3_2
1 . - ‘ .
PR_P3_3 PR_P3_4 Multi Pressure Index
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i - - L]

kmeans clustering (6 class) of the 12 pressure intensity index
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Risk of concomitant effects

48

Risk of concomitant effect index

0.00-0.10 Map background : SHOM, IGN. AFB
0.10 - 2.00 Coordinate system : WGS 84 / Pseudo Mercator
Percentage of habitat by cell with Sensitivity index not evaluated 2.00 - 3.00 —
Ui-1
=3k Map background : SHOM, IGN, AFB 3.00 - 4.00
Coordinate system : WGS 84 / Pseudo Mercator - 4.00 - 5.00
. 25 - 50
B 50-75 e B 5.00-6.00
I 75 - 100 Bl 6.00-7.00
Bl 7.00-7.69

not evaluated cells (habitat Eunis level 4 sensitivity not available)




Discussion : CEA & MSP

Surface (km?)

4500

4000

3500

3000

2500

2000

1500

1000

500

Risk of concomitant effect index

0.00 - 0.10 Map background : SHOM. IGN, AFB
0.10 - 2.00 Coordinate system : WGS 84 / Pseudo Mercator

2.00 - 3.00 11/2017

LB 3.00-400

B 4.00-5.00

I 5.00-6.00

Il 6.00-7.00

Bl 7.00-769
not evaluated cells (habitat Eunis level 4 sensitivity not available)
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Discussion : CEA & MSP
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{p SIMCelt Closing Conference. Workshop on CEA and MSP
ISMAR Liverpool, 29" November 2017

Advancing Cumulative Effects
Assessment in the Adriatic Sea:

challenges and solutions
~ Stefano Menegon %

CNR-ISMAR Venice, Italy e
University IUAV of Venice

( ADRIPLAN

SUPREME
R

Tools4MSP
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s A work in progress
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- ( ADRIPLAN

EU Project ADRIPLAN

ADRiatic lonian maritime spatial
PLANning, (DG-MARE 2013-2015)
Scale: Adriatic-lonian macroregion

I Ithm are /

Italian National Flagship Project
RITMARE

Ricerca Italiana per il Mare

(2012 — 2016 - 2017)

Scale: local/regional high resolution

] ] I
L= e = B == |
1 1 1

SUPREME

EU Project SUPREME
Supporting maritime spatial
Planning in the Eastern
Mediterranean

(DG-MARE EASME 2017-2018)
Scale: regional / transboundary

- Portodimare

EU Project Portodimare

geoPORtal of TOols & Data for
sustalnable Management of coAstal
and maRine Environment

(ADRION 2018-2019)
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CEA =) d(Ex)

k=1

CEA Model Advancements 0

1 2) effect = Effect exerted
by a Pressure

' (additive, dominant and antagonist stressor effects)

‘ 1) Mecf = Multi effect combination factor

N Additive model

mecf;i.r ef f(Pj, Ex) +

Dominant model

MAX s. ik mecfi ef f(P;, By) )

g=1

N
s
PJ.E;\.) = func} . (( Z’“’-f-.J.A- s(Ls, ﬂ-'-[-e:.j,;\._)}")
g == \A

L

' 3) Rfunc = Response function
" (e.g. Linear, non-Linear, Threshold function)

‘ ' 4) i = Distance Model

" (e.g. gaussian convolution)
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<k CEA Model Advancements

Examples of
response
functions

10

08

06 |

04} ,.-"'I

02} /

0.0 e

E HE 12'E ME W'E wE

Distance model applied to modei of maritifne transport
Original traffic density layer (middle), 10km of influence (right)

12°E



Integration of Land Based Act|V|t|es
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3-D hydrodynamic modelling of nutrient dispersion (organic matter,
nitrogen and phosphorus) and salinity in the Adriatic Sea Basin
SHYFEM - Shallow water Hydrodynamic Finite Model

Urban areas, coastal tourism, catchment areas: 78 rivers, 40 coastal cities
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Geopython standalone library
for rapid prototyping
https://github.com/CNR-ISMAR/tools4msp


https://github.com/CNR-ISMAR/tools4msp

I

m MSP-driven web-platform - Tools4MSP ﬂ

* Community — based collaborative platform
* Integrated tools: Information, Sharing and retrieval, Geovisualization
* Multi-objective tools for MSP

* SDI functionalities
* Conflict score analysis (COEXIST methodology), Cumulative Effects

4
Assessment ADRIPLAN Portal
http://data.adriplan.eu

Esplora Layer Cria Lape
st 120 [ Sy T— wrl *

Step 3: Results Details

Input Dataset
G il 1 - A 2

&
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http://data.adriplan.eu/
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CEA impact chain

Environmental v

Human uses

Aquaculturess Smotherir

o —

mEC rEkile

.....
....

CEA impact chain visualization tool (Sankey diagrams)



CEA Backsourcing (CEA-B) 0

A
CEA-B is an inverse CEA model v
WFG ...._ :‘:j;l‘i;r;c; and Gradn.l_ 5::,.,:-;;: 12*::0' 3 Mamno and Grado 51;;:5'

Iaguons
Py
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- Case Study:

L ceaB U: Marine traffic
| |
o 3 ~ __.|e P:Underwater noise
u:nnrs E: Loggerhead
SHIR Turtles
Pl 0.0
3 1 B o.011s
1213:enna 13" DD : . 14"0'0° lzr:enna : 13“13 o - ::::::
" To identify and quantify sources of
p anthropogenic pressures affecting
) receptors/environmental components
: I Transboundary effects
” spatialization
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Challenges

11515-;».&}*2,??{
@ Knowledge gap
= Three-dimensional and multi-temporal (e.g. seasonality) aspects for source data
and pressures
@ Methodological
=+ Standardized terminology, procedures
= Embedding CEAs in a risk management process
== Direct incorporation of uncertainty and sensitivity assessments
=+ Baseline conditions (GES)
= Model dynamic process
@ Ecological
== Deeper integration of spatio-temporal models (e.g. ecological, hydrodynamic) to
address MISFD descriptors
= [ntegrating the socio-ecological dimension (Ecosystem Services)
@ Related to MSP process
=* From multi-objective to multi-functional (MSP process — driven)
== Acceptability and usability of decision support systems in the science-policy
interface
@ |IT Infrastructure
= |mplement a full operational Infrastructure
== Address EMODNET, Copernicus, INSPIRE operational linkages
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Developing a modelling framework for MSP-oriented cumulative effects assessment:
A case study for the Italian Adriatic Sea
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In preparation

RESEARCH ARTICLE

Addressing uncertainty in modelling
cumulative impacts within maritime spatial

planning in the Adriatic and lonian region

Elena Gissi'**, Stefano Menegon®*, Alessandro Sarretta®, Federica Appiotti'?,
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1SR Working group

Tools4MSP Planning in Complex Environments

CNR-ISMAR Venice, Italy University IUAV of Venice

Andrea Barbanti Federica Appiotti

Daniel Depellegrin Elena Gissi

Giulio Farella Elisabetta Manea

Michol Ghezzo | Denis Maragno

Stefano Menegon
Alessandro Sarretta
Chiara Venier

msp@iuav.it

toolsdmsp@ismar.cnr.it . . .
Modelers, Data Scientists, Environmental

Engineers, Planners, Marine Ecologists ...
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