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Cumula�ve effects assessment for the QSR 2023 (Bow Tie 
Analysis) 
OSPAR Agreement 2023-011 

North-East Atlan�c Environment Strategy 2030, Strategic Objec�ve 7: Ensure that uses of the marine 
environment are sustainable, through the integrated management of current and emerging human 
ac�vi�es, including addressing their cumula�ve impacts. 
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1. Introduction to cumulative effects assessment in the QSR 2023 

The marine environment is a complex system of interac�ng organisms (including humans), their 
ecological traits, their physical environment and societal benefits. Understanding these interac�ons 
and the collec�ve / cumula�ve effects of human ac�vi�es on them is cri�cal for effec�ve management. 
Ar�cle 6 of the OSPAR Conven�on (OSPAR, 1992) requires Contrac�ng Par�es to undertake and publish 
at regular intervals joint assessments of the quality status of the North-East Atlan�c marine 
environment and of its development. Quality Status Reports have been undertaken and published in 
2000 (OSPAR, 2000); 2010 (OSPAR, 2010) with an Intermediate Assessment in 2017 (OSPAR, 2017).  

The OSPAR Commission applies the ecosystem approach to work coherently and holis�cally to meet 
conserva�on and management objec�ves. OSPAR defines the ecosystem approach as “… the 
comprehensive integrated management of human activities based on the best available scientific 
knowledge of the ecosystem and its dynamics, in order to identify and take action on drivers, activities 
and pressures that adversely affect the health of marine ecosystems. The ecosystem approach thereby 
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achieves the sustainable use of ecosystem goods and services and the maintenance of ecosystem 
integrity.” (OSPAR, 2021). 

The OSPAR North-East Atlan�c Environment Strategy 2030 (OSPAR, 2021) describes that “… the 
ecosystem approach takes into consideration cumulative effects and is implemented through a 
continuous cycle of (i) setting and coordinating ecological objectives and associated targets and 
indicators, (ii) ongoing management and (iii) regular updates of ecosystem knowledge, research and 
advice. Monitoring, assessment and adaptive management are essential elements for implementing 
the ecosystem approach.” 

Patricio et al., 2016 undertook a comprehensive review of the history, evolution and wide adoption of 
the DPSIR (Drivers-Pressures-State-Impact-Response) conceptual framework for determining and 
assessing the links between human pressures and state changes in marine and coastal ecosystems. 
Elliot et al., 2017 expanded the framework to describe how Drivers of basic human needs require 
Activities, which lead to Pressures, which can lead to changes in State (environmental impacts on the 
natural system), which lead to Impacts on Ecosystem Services, which in turn influence the Drivers. 
These interrelationships require Responses (as Measures). The complexity of any managed sea area 
in terms of multiple interlinked drivers, activities, pressures, receptors and impacts requires an 
understanding and analyses of the connectivity between these parameters. Judd and Lonsdale (2021) 
describe how a DAPSIR (Drivers-Activities-Pressures-State-Impact-Response) framework embodies all 
components and provides a practical construct to apply the ecosystem approach. 

For the Quality Status Report 2023, OSPAR has introduced a series of thema�c assessments which are 
intended to explicitly apply the ecosystem approach through a DAPSIR framework (OSPAR, 2019). A 
schema is applied (OSPAR, 2019) to guide prac�cal applica�on of the DAPSIR framework in the 
thema�c assessments (Figure 1). Applying the DAPSIR framework ensures that the thema�c 
assessments coherently, consistently and holis�cally consider the interrela�onships between 
environmental, social, economic, management (policy, regulatory, voluntary) causes and 
consequences of change.  

 

Figure 1. Schema describing the framework to underpin thematic assessments, using DAPSIR (adapted from Judd and 
Lonsdale, 2021). The structure of the schema reflects the Bow Tie Analyses embodying the components of the ecosystem 
approach. 

OSPAR defines cumula�ve effects assessment (CEA) as “a systema�c procedure for iden�fying and 
evalua�ng the significance of effects from mul�ple pressures and/or ac�vi�es on single or mul�ple 
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receptors. CEA provides management op�ons, by quan�fying the overall expected effect caused by 
mul�ple pressures and by iden�fying cri�cal pressures or pressure combina�ons and vulnerable 
receptors. The analysis of the causes (source of pressures), pathways, interac�ons and consequences 
of these effects on receptors is an essen�al and integral part of the process.’’ (Judd et al., 2015, adapted 
from Cooper, 2003). 

The cumula�ve effects assessment for the OSPAR QSR 2023 describes these cumula�ve effects for each 
biodiversity theme: pelagic habitats (<hyperlink to TA>); benthic habitats (<hyperlink to TA>); fish 
(<hyperlink to TA>); marine birds (<hyperlink to TA>) and marine mammals (<hyperlink to TA>). 

 

2. Bow Tie Analysis 
The DAPSIR details set out in Figure 1 have been collated and assessed in a Bow Tie Analysis (Cormier 
et al 2018, Cormier et al 2019) for each thema�c assessment to establish the linkages between the 
causes of change (the le�-hand side of the bow �e comprising DAP) to ecosystem state (the knot of 
the bow �e comprising S) and the consequences of change (the right-hand side of the bow �e 
comprising I). The responses were inserted as preventa�ve (le�-hand side of the bow �e) or mi�ga�on 
management measures (right-hand side of the bow �e). 

An advantage of applying Bow Tie Analysis is the iden�fica�on and integra�on of management 
measures (responses) into the diagrams where they have effect, i.e., in the preven�on of impacts 
through managing human ac�vi�es (le�-hand side of the bow �e) or pressures or in mi�ga�ng impacts 
(centre or right-hand side of the bow �e). It was not possible to fully implement this aspect of the 
analyses for the QSR 2023 but this should be a core focus for the ongoing work. 

The DAPSIR are iden�fied through reference to QSR 2023 support materials (dra� indicator, thema�c 
and other assessments); commitee and expert group expert knowledge and scien�fic literature. A 
series of Bow Tie Analysis diagrams were generated (one for each thema�c assessment) from either a 
human ac�vity / pressure or a biodiversity perspec�ve. 

Human Activity / Pressure focused Biodiversity focused 
• Offshore Renewable Energy – in the Human 

Activity Thematic Assessment 
• Offshore Industry 

• Radioactive Substances 

• Underwater Noise 

• Marine Litter 

• Hazardous Substances 

• Eutrophication 

• Non-Indigenous Species 

• Climate Change 

 

• Pelagic Habitats  

• Benthic Habitats  

• Fish  

• Marine Birds  

• Marine Mammals  
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Human Activity Thematic Assessment – Offshore Renewable Energy 

 
Marine Litter Thematic Assessment 

Litter in the 
Marine 

Environment

Marine litter 
Assessment

Extraction of minerals

Measures (prevention)
• Good practice
• Waste management 

legislation
• MARPOL
• New designs for gear to 

reduce loss
• RAP

Input of litter

Agriculture
Physical presence and 

abundance on 
beaches and in the 

water

Spread of NIS present 
on litter

Vector for 
contaminants, 

bacteria & viruses 
present on litter

Entanglement of 
marine fauna

Breakdown and 
leaching into sediment

Breakdown to 
microplastics

• Society’s need for food
• Society’s need for 

energy
• Society’s need for 

health and well-being 
• Society’s needs and 

appreciation of nature 
and biodiversity  

• Society’s need to 
mitigate the effects of 
Climate Change  

• Society’s need to 
adapt to the effects of 
climate change 

• Society’s need to 
become more resilient 
to the effects of 
climate change 

• Society’s need for 
national security  

• Society’s need for 
trade and movement 
of goods 

• Society’s need for 
global communications 

• Society’s need for 
education 

• Society’s need for 
materials 

• Society’s need for 
stable economies 

• Society’s need for 
industrial processes 

Transport - shipping

Aquaculture

Fishing

Could include:
• Maintain/increase funding for litter prevention or recovery measures/initiatives
• Individual sector management measures
• Monitoring programmes
• Increase in enforcement action/levels of punishment (e.g. fines)
• Additional regulations or bans on production or use of problem items (e.g. single-use plastics)
• Review and update of OSPAR RAP
• Additional indicators
• Better understanding of pathways – source to sinks
• Better understanding of impacts

Tourism and leisure 
activities

Ingestion by marine 
fauna

Smothering of seabed

Measures (prevention)
• Waste management 

legislation
• Education initiatives
• Fines for littering
• Public awareness 

campaigns
• Provision of sufficient 

waste bins and 
collection

• RAP

Transport - land

Urban uses

Industrial uses

Waste treatment / 
disposal

Measures 
(mitigation)
• ‘Fishing 

For Litter’ 
initiatives

• Beach 
cleaning 
events

Mortality / injury of 
marine species and  
biodiversity loss / 

decline

Reduced breeding 
success of marine 

species

Drivers Activities Pressures Impacts on Ecosystem Services

Indicator:
Plastic 

particles in 
marine 
Fulmar 

stomachs

Indicator:
Litter 

ingested by 
sea turtles

Oil & Gas

Renewables

Indicator:
Beach litter

Indicator:
Seabed 

litter

Wild fish and other natural 
aquatic biomass and related raw 

materials

Nursery population and habitat 
maintenance

Water quality regulation

Coastal protection

Pest control

Biomass and raw materials from 
in-situ aquaculture

Recreation related services

Visual amenity services

Spiritual, artistic, and symbolic 
services

Ecosystem and species 
appreciation

M

L

M

M

M

L

M

L

L

M

M

M

M

U

U

U

U

 
Underwater Noise Thematic Assessment 
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Hazardous Substances Thematic Assessment 

Hazardous 
Substances
In Marine 

Environment

Hazardous 
Substances
Assessment

Extraction of minerals

Measures (prevention)
• Ban on application of 

TBT-based paints on 
ships

• Emissions regulations
• Oil spill response

Input of other 
substances 

Transport - air

Behavioural changes

Reduced species 
fitness

Bio-accumulation in 
food chain

Mortality and  
Biodiversity loss / 

decline

Reduced breeding 
success

• Water quality regulation
• Sediment quality regulation
• Wild fish and other natural aquatic biomass and related 

raw materials
• Regulation and maintenance of marine food webs
• Nursery population and habitat maintenance
• Coastal protection
• Global climate regulation
• Cultural services

Transport - land

Aquaculture

Fish and shellfish 
processing

Could include:
• Maintain/increase funding for prevention or recovery measures/initiatives
• Individual sector management measures
• Monitoring programmes
• Increase in enforcement action/levels of punishment (e.g. fines)
• Additional regulations or bans on production or use of problem items
• Review and update of OSPAR Guidance
• Additional indicators
• Better understanding of pathways – source to sinks
• Better understanding of impacts

Services and benefits

• Change in provisioning goods/services (e.g. fish and shellfish harvesting 
and production)

• Change in cultural services (e.g. tourism and recreation)

Urban uses

Seabed disturbance

Hydrological changes

Indicator:
Metals in 

biota

Indicator:
Metals in 
sediment

Indicator:
Organotin 
sediment

Indicator:
PAH

Indicator:
PCBs

Indicator:
PBDE

Input of litter (as 
vector for 

contaminants)

Marine Litter 
Thematic Assessment

Oil & gas

Fishing

Transport - shipping

Waste treatment / 
disposal

Tourism and leisure 
activities

Industrial Uses

Measures (prevention)
• EIA
• Oil spill response

Measures (prevention)
• Restrictions on use of 

heavy metals in new 
products

• Controls & restrictions 
on waste disposal

• Waste management 
legislation

• Pollution event  
response

Dredging/deposits

Measures (prevention)
• Regulations and 

guidelines on dredge 
disposal

Measures (prevention)
• Ban on application of 

TBT-based paints on 
ships

• Waste management 
legislation

• Pollution event  
response

Measures 
(mitigation)
• Pollution event 

response e.g. 
oil spill clean 
up

• Remedial 
dredging

• Other removal 
of hazardous 
substances 
from the 
environment 
(e.g. capping/
treatment)

Indicator:
Imposex

Drivers Activities Pressures

Impacts on Ecosystem Services (Welfare)

Other 
biological 

effects, 
ALAD, 

EROD, GST

• Society’s need for food
• Society’s need for 

health and well-being
• Society’s need for 

energy
• Society’s need for 

industrial processes 
• Society’s need for 

national security  
• Society’s need for 

materials 
• Society’s need for 

trade and movement 
of goods 

• Society’s need for 
stable economies 

• Society’s need to 
mitigate the effects of 
Climate Change  

• Society’s need to 
adapt to the effects of 
climate change 

• Society’s need to 
become more resilient 
to the effects of 
climate change 

Agriculture

Renewable energy 
developments

 
Eutrophication Thematic Assessment 

Occurrence 
of 

Eutrophicatio
n Events

Eutrophication 
Assessment

Transport - Shipping

Measures (prevention)
• Legislation (Water 

Framework Directive, 
Nitrates Directive, 
UNECE atmospheric 
pollution convention, 
Urban Waste Water 
Treatment Directive)

• EIA Regulations
• Guidelines on dredge 

disposal

Input/Spread of NIS

Input of nutrients

Dredging/deposits

Nuisance and toxic 
blooms

Restrictions on 
fisheries

Loss of amenity

Restrictions on algal 
harvesting

Illness or injury to 
marine fauna from 

ingestion

Mortality

Behavioural changes

Increase in low oxygen 
tolerant species

Reduction in species 
diversity

• Biodiversity loss / 
decline

• Loss to society
• Decline in tourism
• Economic cost of 

impact on 
commercially 
important fish and 
shellfish species

• Fish products unfit 
for consumption

• Impact on food 
security

• Loss of charismatic 
megafauna

• Increased cost of 
dredge and disposal 
activities

Potential consequences 
for Drivers from 
measures:
• Increased cost of 

activity 
management 

• Reduced 
construction 
capacity

• Development 
restrictions

• Reduced food 
security

Good practice
• Ballast water 

convention
• Legislation (MSFD, 

WFD)
• Biosecurity plans
• EU Regulation (1143/

2014) on invasive alien 
(non-native) species

Aquaculture

Waste treatment/
disposal

Industrial Uses

Could include:
• Maintain/increase funding for prevention or recovery measures/initiatives
• Individual sector management measures
• Monitoring programmes
• Increase in enforcement action/levels of punishment (e.g. fines)
• Additional regulations or bans on production or use of problem items
• Review and update of OSPAR Guidance
• Additional indicators
• Better understanding of pathways – source to sinks
• Better understanding of impacts

Services and benefits

• Change in provisioning goods/services (e.g. fish and shellfish harvesting and 
production)

• Change in cultural services (e.g. tourism and recreation)

Agriculture

Changes to species 
grazing ability

Changes in food web 
structure

Indicator:
Eutrophicati

on affects 
benthos

Indicator:
Nuisance 
species 

Phaeocystis

Indicator:
Decreased 
dissolved 
oxygen

Indicator:
Increased 

chlorophyll 
concentrati

ons

Indicator:
Winter 

nutrient 
levels

Indicator:
Excessive 
nutrient 
loading

Climate change 
Thematic 

Assessment

• Society’s need for food
• Society’s need for 

health and well-being
• Society’s need for 

materials 
• Society’s need for 

industrial processes 
• Society’s need for 

stable economies 
• Society’s need for 

national security  
• Society’s need for 

trade and movement 
of goods 

• Society’s need to 
mitigate the effects of 
Climate Change  

• Society’s need to 
adapt to the effects of 
climate change 

• Society’s need to 
become more resilient 
to the effects of 
climate change 
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Offshore Industry Thematic Assessment 

Indicator:
Reduction in 
dispersed 

oil in 
produced 

water

Oil & Gas

Society’s need 
for energy

Society’s need 
for stable 
Economy

Extraction of oil & gas

Measures to prevent or mitigate these impacts can have implications for the social and economic drivers, e.g.
- policy on decarbonisation / energy prices

- policy on energy security / mix

• QSR 2023 – management responses by OSPAR CPs
• Energy prices
• Energy mix – society choices
• Public perceptions and opinions

Carbon dioxide 
storage

Society’s need 
to Mitigate 

Climate 
Change

Indicator:
Phasing out 

of List of 
Chemicals 
for Priority 

Action

Indicator:
Reduction of 

chemical 
with 

substitution 
warnings

Indicator:
Decrease in 

no. 
installations 

with oil 
>30mgl-1 in 

produced 
water

Indicator:
Underwater 

noise 

Indicator:
Atmospheric 
emissions 

Discharges and 
associated impacts 

in the water column, 
including spills

Habitat loss/change

Input of other 
substances

Input of noise
Use / Discharge of 
chemicals:
• Decision 2002/

2
• D 2000/3
• R. 2000/4
• R. 2000/5
• R. 2005/2
• R 2006/3
• R. 2006/5

Decommissioning:
- Decision 98/3

Oil & Gas 
extraction

Atmospheric 
emissions and 
carbon dioxide 

storage

Input of other form of 
energy (light)

Physical disturbance 
of seabed

Input or spread of 
non-indigenous 

species

Input of litter

Impact of discharges 
on sediments

Water and sediment quality 
regulation

Impact of platform 
lighting on birds

Impact of noise on 
fish and marine 

mammals

Physical impacts on 
the seabed 

Wild animals, plants and 
other biomass

Wild fish and other natural 
aquatic biomass and related 

raw material

Nursery population and 
habitat maintenance

Pest control

Cultural ecosystem services

(Global) climate regulation

Indicator:
Reduction of 
number of 

spills 

Water column 
impacts from 
contaminants 
released from 
cuttings piles

Carbon dioxide 
storage:
- Decision 2007/2

Produced water:
• R2001/1
• R2012/5

Environmental 
management 
systems:
- R 2003/5

 
Radioactive Substances Thematic Assessment 

Radionuclides 
in the marine 
environment 

(seawater, 
sediments and 
marine biota)

To prevent pollution 
of the OSPAR 

Maritime Area from 
ionising radiation

Input of other 
substances 

(radionuclides)

Medical treatment

Radiological impact on 
humans and marine biota

Society’s need 
for national 

security

Society’s need 
for energy

Society’s need 
for stable 

economies

Society’s need 
for health and 

wellbeing

Issues not covered by OSPAR assessments
• Views may exist on impacts to cultural 

services despite no significant radiological 
impact as shown by scientific assessments

• Two localised areas where impacts on 
ecosystem services are present due to 
historic situations

Society’s need 
to mitigate the 

effects of 
climate 
change

Military operations

Production of energy

• The OSPAR Convention and the OSPAR Radioactive Substances Strategy
• Other international conventions, e.g., the London Convention and the Convention on Nuclear Safety
• International system for radiation protection reflected in national, regional (EU) and international safety standards
• Agreements on reporting of discharge data and environmental concentration data
• Agreement on methodology for assessing radiological impact
• Recommendations on the use of Best Available Techniques (BAT)

Services and benefits
• No additional OSPAR measures necessary
• International system for radiation protection reflected in national, regional (EU) and 

international safety standards
• International standards for radioactivity in food
• National monitoring programmes

• OSPAR and 
other 
international 
conventions

• Internation
al and 
regional 
safety 
standards

• National 
regulatory 
activities

Research, survey and 
educational activities

Ocean acidification

Climate Change

Drivers Activities Pressures Impacts on Ecosystem 
Services (Welfare)

Extraction of oil and 
gas

No impacts on ecosystem 
services from current 

state
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Non Indigenous Species Thematic Assessment 

Increase in 
abundance/
Distribution 

of NIS

NIS Thematic 
Assessment

Input/Spread of NIS

Transport - Shipping

Measures 
(mitigation)

• Developing INS 
detection and 
control 
methods

• INS removal/
eradication

• INS 
monitoring/
surveillance
(statutory, 
eNGO/ citizen 
science 
programmes)

NIS outcompete 
native species

Increased disease
spread from NIS

• Increased costs of 
monitoring

• Increased costs of 
removal

• Economic cost of 
impact on 
commercially 
important fish species

• Socio-economic 
impact of damages to 
infrastructure, 
industry, loss 
livelihoods, human 
health

• Ecosystem regime 
shifts

• Native species 
extinctions

• Reduction of global 
biodiversity

• Changes in food web 
structure 

• 

Potential consequences 
for Drivers from 
measures:
Increased energy prices
Reduced National Security
INS compounding impacts 
of climate change
Reduced food security

Aquaculture - Marine

Extraction of 
Oil & Gas

Renewable energy 
generation

Hunting and 
collecting for other 

purposes

• Maintain / increase R&D funding e.g. for prediction and novel detection methods; screening/risk assessment 
processes; early warning systems

• Regional Action Plans and monitoring programmes
• Sector management measures e.g. Biosecurity Plans

Services and benefits including:
• Changes/declines in Provisioning Services/goods e.g. fish/shellfish 

production
• Changes/declines in Regulatory Services through altered marine biodiversity
• Changes/declines in Supporting Services through altered marine biodiversity
• Changes/declines in Cultural Services (e.g. INS research opportunities) 

through altered marine biodiversity

Marine Litter 
Thematic Assessment

• Ballast 
water 
convention

• Legislation: 
EU 
Regulation 
(1143/2014), 
MSFD, WFD, 
Habs.

• Biosecurity 
Plans

• Public 
Awareness

• Monitoring

Input of other forms 
of energy

Non-renewable 
energy generation

Climate Change 
Thematic Assessment

Tourism & Leisure 

Waste treatment / 
Disposal

Industrial uses

• Society’s need for food
• Society’s need for 

energy
• Society’s need for 

health and well-being 
• Society’s needs and 

appreciation of nature 
and biodiversity  

• Society’s need to 
mitigate the effects of 
Climate Change  

• Society’s need to 
adapt to the effects of 
climate change 

• Society’s need to 
become more resilient 
to the effects of 
climate change 

• Society’s need for 
national security  

• Society’s need for 
trade and movement 
of goods 

• Society’s need for 
global communications 

• Society’s need for 
education 

• Society’s need for 
materials 

• Society’s need for 
stable economies 

• Society’s need for 
industrial processes 

Extraction of minerals

 
Pelagic Habitats 

Impacts push 
Pelagic 
systems 

below desired 
quality status

(Indicators 
PH1, PH2, 

PH3)

Pelagic 
Ecosystem

Agriculture

• EIA e.g. EC 
2014/52/
EU

• HRA for 
Directives 
92/43/EEC 
& 79/409/
EEC

• Terrestrial 
Planning 
Processes

Mortality/Injury to 
wild spp.

Changes in upwelling 
intensity

Renewable energy 
generation

Changes in food 
available for higher 

trophic levels

Change in nutrients 
leading to shifts in 

plankton 
communities

Changes in energy 
flow between 

phytoplankton and 
zooplankton

Change in benthic-
pelagic coupling and 

reprod. output

Productivity impacts 
across trophic levels

• Legislation 
(Water 
Framework 
Directive, 
Nitrates 
Directive, UNECE 
atmospheric 
pollution 
convention, 
Urban Waste 
Water Treatment 
Directive)

• EIA Regulations
• Guidelines on 

dredge disposal

Fish & Shellfish 
Harvesting

Industrial uses

Waste treatment / 
disposal

Climate change reduction activities and policies
Increased enforcement of WFD legislation and breaches

Increase in preventative measures

Hydrological Changes

• Common 
Fisheries 
Policy

• Fishing 
Quotas

Climate Change 
Thematic Assessment

Restructuring of 
seabed

• Society’s need for food
• Society’s need for 

energy
• Society’s need for 

health and well-being 
• Society’s needs and 

appreciation of nature 
and biodiversity  

• Society’s need to 
mitigate the effects of 
Climate Change  

• Society’s need to 
adapt to the effects of 
climate change 

• Society’s need to 
become more resilient 
to the effects of 
climate change 

• Society’s need for 
national security  

• Society’s need for 
trade and movement 
of goods 

• Society’s need for 
global communications 

• Society’s need for 
education 

• Society’s need for 
materials 

• Society’s need for 
stable economies 

• Society’s need for 
industrial processes 

Change in plankton 
communities

Transport - Shipping

Aquaculture – Marine

Oil & gas extraction

Offshore structures - 
other

Coastal defence & 
flood protection

Input or spread of non-
indigenous species

Increased sea 
temperatures

Open ocean 
stratification

Acidification

Nutrient enrichment

Input of Nutrients

Input of Microbial 
pathogens

Input of Organic 
Matter

Input of other 
substances

Eutrophication 
Thematic Assessment

Food webs Thematic 
Assessment

Climate driven shifts 
in plankton 

communities can lead 
to changes in food 
webs and carbon 

sequestration
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Benthic Habitats 

Physical damage / 
loss adverse 

effects on desired 
quality status  of 
Benthic Habitats 

Healthy 
Benthic 
Habitats

OSPAR 
Recommendati
on 2010/2 on 
a network of 

marine 
protected 

areas 
(amending 
2003/3)

Change in habitat 
leading to change in 
goods and services

OSPAR 
Recommendati
on 2010/2 on 
a network of 

marine 
protected 

areas 
(amending 
2003/3)

Changes in spp. 
composition leading 

to commercial or rare 
spp. being no longer 
found / redistributed

**Modification of 
benthic communities

Impact on biomass

Impact on 
biodiversity

Eutrophication

Remobilisation of 
contaminated 

sediment

Coral reef bleaching

**Red list OSPAR 
habitats

Loss of provisioning 
services: 

• Loss of benthic 
productivity

• Loss of nursery 
grounds

• Impacts on 
tourist areas, 

• Impacts on food 
production 
(aquaculture)

• Reduced value of 
aggregates

Reduction in 
regulating services:
• Changes in food 

webs
• Water quality 

regulation

Impacts on Ecosystem Services (Welfare)Drivers

Extraction of minerals

• EIA e.g. EC 
2014/52/
EU

• HRA for 
Directives 
92/43/EEC 
& 79/409/
EEC

• Terrestrial 
Planning 
Processes

Disturbance of 
sediment

Physical loss

Restructuring of 
seabed morphology

Tourism and leisure 
infrastructure

• EIA e.g. EC 
2014/52/
EU

• HRA for 
Directives 
92/43/EEC 
& 79/409/
EEC

Fish and shellfish 
harvesting

Coastal & Flood 
defences

Extraction of Oil & 
Gas

Renewable energy 
generation

Transmission of 
electricity and 

communications 
(cables)

Activities Pressures

Policy response include: set areas planned for activities e.g. OWF.
Strategic Environmental Assessments (SEA) for specific activities

Services & benefits Response (as Measures)
Most mitigation policy responses refer to the use of MPAs
Indirectly: 
• loss of provisioning services from reduced fishing grounds, 
• Changes in Cultural Services through decrease of macrofauna (leisure watching and subsequent economic benefits). 
• Reduction in regulating services of hazard regulation (flood and coastal defence)

• Society’s need for food
• Society’s need for 

energy
• Society’s need for 

health and well-being 
• Society’s needs and 

appreciation of nature 
and biodiversity  

• Society’s need to 
mitigate the effects of 
Climate Change  

• Society’s need to 
adapt to the effects of 
climate change 

• Society’s need to 
become more resilient 
to the effects of 
climate change 

• Society’s need for 
national security  

• Society’s need for 
trade and movement 
of goods 

• Society’s need for 
global communications 

• Society’s need for 
education 

• Society’s need for 
materials 

• Society’s need for 
stable economies 

• Society’s need for 
industrial processes 

Adverse effects 
on desired 

quality status  of 
Benthic Habitats 

Input of nutrients

Input of organic 
matter

Input of other 
substances

Extraction of, or 
mortality to, wild 

species

Input or spread of 
non-indigenous 

species

Input of litter

Input of other forms 
of energy

Pressures with no 
specific benthic 

habitats indicator 
assessment

Aquaculture - marine

Agriculture

Transport 
infrastructure

Tourism and leisure 
activities

Coastal habitats 
exposed to 
nutrient and 

organic 
enrichment 

 
Fish 

Abundance, 
distribution, 
community 

structure and 
diversity falls 
below desired 
quality status  

Fish 
Assessment

Extraction of, or 
mortality/injury to, 

wild species 

Changes in food web 
structures

Economic – loss of 
fishing revenue

Loss of provisioning 
services: 

• Biodiversity loss / 
decline

• Loss of protein 
source and 
decrease in food 
security

• Loss of fishing 
income

Reduction in 
regulating services:
• Changes in food 

webs

Changes to fishing policies
Enhance and enforce MPA protections

Greater climate change action

Response – services and benefits including

• Loss/changes in Cultural Services (e.g. education/research/tourism) derived from xxxx 
• Loss/changes in Supporting Services based on fish role and functioning in food web structure and maintaining 

biodiversity

Extraction of oil & 
gas

• CFP
• International 

Agreements
• Protected Areas 

(SACs, MPAs)

Loss of prey species

Changes in 
distribution and 

abundance

Marine Litter 
Thematic 

Assessment

Underwater Noise 
Thematic 

Assessment

Hazardous 
Substances 
Thematic 

Assessment

Radionuclides 
Thematic 

Assessment

Loss of cultural 
services:
Loss of fishing 
culture

Renewable energy 
generation 

Non-renewable 
energy generation

Transmission of 
electricity & 

communications 

Extraction of 
minerals

Coastal defence & 
flood protection

Land claim

Canalisation & other 
water course 
modifications

Restructuring of 
seabed morphology, 
including dredging & 

depositing of 
materials

Transport shipping

Transport 
infrastrucutre

Fish and shellfish 
harvesting 

Aquaculture - 
Marine

Aquaculture - 
Freshwater

Agriculture

Forestry 

Industrial uses

Tourism & leisure 
infrastructure

Tourism & leisure 
activities

Physical loss (to land 
or marine habitat) 

Physical disturbance 
to seabed 

Disturbance of 
species

Selective extraction of 
species, including non-

target catches 

Input of 
anthropogenic sound 

Climate change

Input of litter

Input of nutrients

Input or spread of 
non-indigenous 

species 

Reduced survival and 
fitness

Indicator: 
Recovery in the 

population 
abundance of 

sensitive species 
(FC1)

Indicator:
Proportion of 

large fish (Large 
fish index) (FC2)

Indicator:
Size composition 

in fish 
communities 

(FW3)

Indicator: 
Change in average 

trophic level of 
marine predators 

in the Bay of 
Biscay

Displacement 

• Paris 
Agreement

• Kyoto

• Society’s need for food
• Society’s need for 

energy
• Society’s need for 

health and well-being 
• Society’s needs and 

appreciation of nature 
and biodiversity  

• Society’s need to 
mitigate the effects of 
Climate Change  

• Society’s need to 
adapt to the effects of 
climate change 

• Society’s need to 
become more resilient 
to the effects of 
climate change 

• Society’s need for 
national security  

• Society’s need for 
trade and movement 
of goods 

• Society’s need for 
global communications 

• Society’s need for 
education 

• Society’s need for 
materials 

• Society’s need for 
stable economies 

• Society’s need for 
industrial processes 

Pelagic Thematic 
Assessment

Input of microbial 
pathogens 

Input of other forms 
of energy 

Input of other 
substances

Changes to 
hydrological 
conditions 

NIS Thematic 
Assessment

Input of water
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Marine Birds 

Marine bird 
abundance, 
distribution 

and diversity 
falls below 

desired quality 
status  

Marine 
birds 

Assessment

Cables

Measures (prevention)
• Bycatch monitoring
• Public awareness 

campaigns
• Fisheries legislation

Input of litter

Collision injury/
mortality

Transport 
infrastructure

Displacement from 
breeding, feeding 
and roosting areas 

Reduced survival 
and fitness

Mortalities 
(including (local) 

extinctions)

• Biodiversity loss / 
decline

• Food web 
structure changes

• Declines in eco-
tourism

• Loss to society

Potential 
consequences for 
Drivers from 
measures:
• Increased energy 

prices
• Reduced energy 

security
• Reduced National 

Security
• Reduced 

construction 
materials 
capacity

• Reduced public 
safety

• Reduced capacity 
to address 
climate change

• Reduced food 
security

Land claim

Hunting and 
collecting for 

other purposes

Transport - 
shipping

Could include:
• Maintain / increase R&D funding
• Regional Action Plans
• Sector management measures
• Bans on substance use
• Regulation of substances and bans
• Sector monitoring

Fishing

Indicator:
Marine bird 
abundance 

(B1)

Indicator:
Marine Bird 

Breeding 
Success / 

Failure (B3)

Input of other 
substances 

Habitat loss/
change

Measures 
(prevention)
• EIA
• Guidance
• Temporal 

restrictions
• Spatial restrictions
• Research on 

collision likelihood

Coastal & Flood 
defences

Extraction of oil & 
gas

Offshore 
structures (other 
than for oil/gas/

renewables)

Renewables

Measures 
(mitigation)
• Habitat 

compensat
ion 
schemes

• Protected 
areas 
(SACs, 
MPAs)

Hazardous 
Substances
 Thematic 

Assessment

Marine Litter 
Thematic 

Assessment

Radionuclides 
Thematic 

Assessment

Seabed 
disturbance

Mortality/Injury 
to wild spp. 

(direct by-catch/
entanglement)

Disturbance of 
spp.

Mortality/Injury 
to wild spp. (prey 

species)

Tourism and 
leisure 

infrastructure

Tourism and 
leisure activities

Nuclear energy

Measures (prevention)
• Temporal restrictions
• Spatial restrictions
• Public awareness 

campaigns

Measures 
(prevention)
• EIA
• Guidance
• Temporal 

restrictions
• Spatial restrictions
• Research on 

collision likelihood

Drivers Activities Pressures

                        State            (including 
environmental impacts)

Impacts on Ecosystem Services 
(Welfare)

Reduced food 
availability or 
quality

Reduced 
reproductive 

success output

Extraction of 
minerals

Military 
operations

Input of non-
indigenous 

species

• Society’s need for 
food

• Society’s need for 
energy

• Society’s need for 
health and well-
being 

• Society’s needs 
and appreciation 
of nature and 
biodiversity  

• Society’s need to 
mitigate the 
effects of Climate 
Change  

• Society’s need to 
adapt to the 
effects of climate 
change 

• Society’s need to 
become more 
resilient to the 
effects of climate 
change 

• Society’s need for 
national security  

• Society’s need for 
trade and 
movement of 
goods 

• Society’s need for 
global 
communications 

• Society’s need for 
education 

• Society’s need for 
materials 

• Society’s need for 
stable economies 

• Society’s need for 
industrial 
processes 

Urban uses

Industrial uses

 
Marine Mammals 

Marine mammal 
abundance, 

distribution and 
diversity falls 
below desired 
quality status 

Marine 
mammals

Cables

Measures (prevention)
• Bycatch monitoring
• Public awareness 

campaigns
• Fisheries legislation

Input of litter

Death or injury by 
collision

Transport 
infrastructure

Displacement from 
breeding, feeding and 
nursery areas 

Reduced survival and  
fitness

Mortalities (including 
(local) extinctions)

• Biodiversity loss / 
decline

• Food web structure 
changes

• Declines in eco-
tourism

• Loss to society

Potential consequences 
for Drivers from 
measures:
• Increased energy 

prices
• Reduced energy 

security
• Reduced National 

Security
• Reduced construction 

materials capacity
• Reduced public safety
• Reduced capacity to 

address climate 
change

• Reduced food security

Land claim

Marine aquaculture 

Transport shipping

Could include:
• Maintain / increase R&D funding
• Regional Action Plans
• Sector management measures
• Bans on substance use
• Regulation of substances and bans
• Sector monitoring

• Support wildlife tourism accreditation schemes for sustainable practises

Services and benefits
• Loss/changes in Cultural Services (e.g. education/research/tourism) derived from marine 

mammal presence, movements and breeding 
• Loss/changes in Supporting Services based on role and functioning of marine mammals in 

marine food web structure and maintaining marine biodiversity

Fish & shellfish 
harvesting 

Indicator: 
Seal 

Abundance 
and 

Distribution
(M3)

Input of other 
substances 

Physical loss (to land 
or marine habitat)

Measures (prevention)
• EIA
• Guidance
• Temporal restrictions
• Spatial restrictions
• Research on collision 

likelihood

Coastal & Flood 
defences

Extraction of oil & gas

Offshore structures 
(other than for oil/
gas/renewables)

Renewable energy 
generation 

Measures 
(mitigation)
• Habitat 

compensation 
schemes

• Protected areas 
(SACs, MPAs)

• Monitoring pup 
numbers

Hazardous Substances
 Thematic Assessment

Marine Litter 
Thematic Assessment

Radionuclides Thematic 
Assessment

Physical disturbance 
to seabed 

Selective extraction of 
species, including non-

target catches

Disturbance of 
species

Extraction of, or 
mortality/injury to, 

wild species 

Tourism & leisure 
infrastructure

Non-renewable 
energy generation

Measures (prevention)
• Temporal restrictions
• Spatial restrictions
• Public awareness 

campaigns
 

Measures (prevention)
• EIA
• Guidance
• Temporal restrictions
• Spatial restrictions

Indicator:
Cetacean 

abundance 
and 

distribution 
(M4)

Reduced reproductive 
success/output

Indicator:
Grey seal pup 

production 
(M5)

Noise Thematic 
Assessment

Input of noise 
(impulsive and 

continuous)

Reduced food 
availability or quality 

Hunting & collecting 
for other purposes

Indicator: 
Marine 

Mammal 
bycatch (M6)

Input of other forms 
of energy

• Society’s need for food
• Society’s need for 

energy
• Society’s need for 

health and well-being 
• Society’s needs and 

appreciation of nature 
and biodiversity  

• Society’s need to 
mitigate the effects of 
Climate Change  

• Society’s need to 
adapt to the effects of 
climate change 

• Society’s need to 
become more resilient 
to the effects of 
climate change 

• Society’s need for 
national security  

• Society’s need for 
trade and movement 
of goods 

• Society’s need for 
global communications 

• Society’s need for 
education 

• Society’s need for 
materials 

• Society’s need for 
stable economies 

• Society’s need for 
industrial processes 

Tourism & leisure 
activities

 

 
 

 

3. Weighting methodology 
If OSPAR were to presume that all ac�vi�es and pressures have equal poten�al to affect ecosystem 
state, management responses would need to be targeted evenly. However, this could lead to a 
dispropor�onate alloca�on of resources and mean that those ac�vi�es and pressures posing the 
greatest risk to the ecosystem do not receive the aten�on that they need. To address this, a weigh�ng 
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exercise of the ac�vity-pressure-state (APS) components of DAPSIR has been undertaken as an 
indica�ve assessment of cumula�ve effects to iden�fy those ac�vi�es and pressures of greatest 
poten�al concern (and meri�ng priority ac�on). Weigh�ngs have been generated by applying the 
Pressure Assessment | ODEMM methodology. Linkages between [Drivers] – Ac�vi�es – Pressures – 
State Changes – Impacts (on Ecosystem Services) – Responses (Management Measures) were 
established and agreed with experts in the Bow Tie Analysis for each thema�c assessment. The 
ODEMM pressure assessment methodology was applied to the Bow Tie Analysis linkages for Ac�vity-
Pressure-State Changes, in order to assess and rank the threat associated with any par�cular Ac�vity-
Pressure combina�on on any State Changes for each ecological component (namely the five focus 
biodiversity thema�c assessments). A different methodology was applied to weight the State-Impact 
connec�ons (see the Impact chapter of the thema�c assessment <insert hyperlink>). The analyses 
were informed by the detail and evidence set out in the DAPS chapters of this thema�c assessment. It 
has only been possible to apply the ODEMM methodology at the NEA scale for this QSR, however as 
many of the human ac�vi�es, pressures and ecosystem components vary widely across the OSPAR 
mari�me area the outputs presented here are indica�ve of the broadscale situa�on so has limita�on 
and future more refined analyses is recommended for future assessments. These weighted 
connec�ons in the Bow Tie Analyses for APS and SI are compiled in Sankey diagrams (Figure 3). The 
Response chapter of this thema�c assessment describes the relevant management measures however 
it also highlights the difficulty in quan�fying the effec�veness of these measures. If such quan�fica�on 
had been undertaken these measures could be incorporated into the Bow Tie Analyses / Sankey 
diagrams to assess their effec�veness in managing state changes. As this has not been possible the 
responses have been excluded from the Sankey diagrams in this QSR, but this is something to be 
further developed for future assessments. In addi�on, improving linkages between impacts on 
ecosystem services, societal drivers and human ac�vi�es are required to beter inform future 
assessments. Whilst described in the Drivers chapter of this QSR <insert hyperlink>, these have not 
been incorporated into the Sankey diagrams. 

There are three main outputs derived from the ODEMM weigh�ngs approach (Figure 2): 

• Exposure module (comprising spa�al and temporal overlap) – indica�ve cumula�ve pressure 
assessment - scores are assigned for 1) spa�al extent, and 2) frequency of occurrence for each 
of the iden�fied linkage chains (human ac�vity–pressure–state component) and mul�plied 
together to achieve the aggregated exposure score. Scores are informed by the QSR suppor�ng 
materials (e.g., indicator, thema�c and other assessments, and feeder reports). Outputs in this 
thema�c assessment are descrip�ve only. 

• Impact poten�al module (comprising exposure and likely impact) - scores are assigned for 1) 
spa�al extent, 2) frequency of occurrence, and 3) degree of impact for each of the iden�fied 
linkage chains (human ac�vity–pressure–state component) and mul�plied together to achieve 
the aggregated impact poten�al score. Scores are informed by the QSR suppor�ng materials 
(e.g., indicator, thema�c and other assessments, and feeder reports). Outputs in this thema�c 
assessment are descrip�ve and a Sankey diagram – the thickness of the connec�ng lines in the 
Sankey diagram represents the rela�ve contribu�on of the human ac�vity – pressure 
combina�on on state change as an indica�on of cumula�ve effects, The thicker the line the 
greater the poten�al threat. 

• Risk module (comprising exposure, likely impact and pressure persistence) – indica�ve 
cumula�ve effects assessment - scores are assigned for 1) spa�al extent, 2) frequency of 
occurrence, 3) degree of impact, 4) persistence, and 5) resilience for each of the iden�fied 

https://odemm.com/content/pressure-assessment
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linkage chains (human ac�vity–pressure–state component) and mul�plied together to achieve 
the aggregated risk score. Scores are informed by the QSR suppor�ng materials (e.g., indicator, 
thema�c and other assessments, and feeder reports). Given the low confidence in the outputs 
the risk module has not been included in this thema�c assessment but a short descrip�on is 
provided. 

 

Figure 2. ODEMM pressure assessment adapted for the OSPAR QSR 2023. Resilience (italicised) has been excluded. 

 

A modular approach has been undertaken with each of these three outputs being a module. 

Following the categories defined in Knights et al., 2015 a�er Robinson et al., 2013, the ODEMM 
methodology was applied and the components assessed and weighted as follows: 

• Spatial Extent describes how much pressure from human activities there is in the NEA in terms 
of overlap between a pressures type and ecological component: 

o Widespread: where a sector overlaps with an ecological component by 50% or more 
(max is 100%) – Scored 1.0. 

o Local: where a sector overlaps with an ecological component by >5% but <50% – Scored 
0.37. 

o Site: where a sector overlaps with an ecological component by >0% but <5% – Scored 
0.03. 

o No overlap: where activity=pressure overlaps with an ecological component <0% -Scored 
0. 

• Frequency describes how much pressure from human activities there is in the NEA in terms of 
how often a pressure type and ecological characteristic interaction occurs, measured in months 
per year: 

o Persistent: where a pressure is introduced throughout the year, i.e., 12 months – Scored 
1.0. 

o Common: where a pressure is introduced up to 8 months of the year – Scored 0.67. 
o Occasional: where a pressure is introduced up to 4 months of the year – Scored 0.33. 
o Rare: where a pressure is introduced up to 1 month of the year – Scored 0.08. 

• Impact potential: 
o Acute: severe effects after a single interaction, which kills a large proportion of 

individuals and causes an immediate change in the characteristic feature – Scored 1.0. 
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o Chronic: severe effects occurring at a frequency that could have detrimental 
consequences, if often enough and/ or at high enough levels – Scored 0.13. 

o Low: Severe effect not expected - interaction never causes high levels of mortality, loss 
of habitat, or change in the typical species or functioning irrespective of the frequency 
and extent of the event(s) – Scored 0.01. 

• Persistence is the period over which the pressure continues to cause impact following cessation 
of the activity introducing that pressure: 

o Continuous: the pressure continues to impact the ecosystem for at least 100 years – 
Scored 1.0. 

o High: the pressure continues to impact the ecosystem for between 10 and 100 years – 
Scored 0.55. 

o Moderate: the pressure continues to impact the ecosystem for between 2 and 10 years 
– Scored 0.06. 

o Low: the pressure continues to impact the ecosystem for between 0 and 2 years – 
Scored 0.01. 

The scores are combined to generate the exposure, impact poten�al and risk aggregated scores as 
described in Figure 2. 

For the QSR 2023 only outputs from the Exposure and Impact Poten�al module were incorporated. 
The outputs for the impact poten�al module were presented in Sankey diagrams – these show the 
addi�on of weigh�ngs to the APS connec�ons to iden�fy those ac�vity-pressure combina�ons 
exer�ng the highest collec�ve contribu�on to state change and there meri�ng priority ac�on. 

 

Pelagic Habitats 
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Benthic Habitats 

 

 
Fish 
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Marine Birds 

 
Marine Mammals 

 

 
 

Whilst work was ini�ated, outputs from the Risk module were not completed to a sufficient degree of 
confidence to be included in the QSR 2023.  

Given the low confidence scoring the outputs from the risk analyses have not been included in this 
thema�c assessment for the QSR 2023. However, whilst not incorporated into the assessment for the 
QSR 2023, it is beneficial to consider the agreed outputs of the persistence weigh�ngs. 
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Risk incorporates persistence and resilience to the ‘impact poten�al’ scores for each human ac�vity – 
pressure combina�on: 

• Persistence here relates to the length of �me it would take for the pressure associated with a 
par�cular ac�vity to disappear a�er cessa�on of any further ac�vi�es causing the par�cular 
pressure (Robinson et al, 2013). 

• Resilience of the ecological component is assessed based on its current status in the regional 
sea and categorised based on recovery �mes following cessa�on of the pressure (Robinson et 
al, 2013). Resilience is defined as the recovery �me of the ecological characteris�c to return 
to pre-impact condi�ons (Knights et al., 2015).  

Collec�vely, the risk scores provide an indica�on of the spa�al and temporal collec�ve threat of these 
pressures from the specified human ac�vi�es on pelagic habitats. 

Whilst very important with regards to high mortali�es and associated popula�on threats, resilience 
was excluded from the assessment because it was decided there were too many variables to consider 
within the scope of this assessment that could not be addressed within the QSR 2023 �meframe. The 
thema�c assessment covers a broad group of ecological receptors, each group contains many different 
species/habitats across the OSPAR regions. Resilience is likely to vary between species, groups and in 
different loca�ons. It was felt that trying to determine an average value for pelagic habitats that 
accounted for all of these factors could create an unrealis�c output at this point in �me, but this will 
be a priority for ac�on post-QSR 2023. 

Agreement was reached on the persistence scores, however, including these in the analyses without 
the resilience scores generated outputs which were both difficult to explain and on which no 
consensus could be reached. 

4. Discussion and recommendations for continuation of the analyses 

The OSPAR North-East Atlan�c Environment Strategy, Strategic Objec�ve 7 focuses on the sustainable 
use of the marine environment, through the integrated management of current and emerging human 
ac�vi�es, including addressing their cumula�ve impacts. Specifically, to further develop methods for 
the analysis of cumula�ve effects in the marine ecosystems of the North-East Atlan�c, taking into 
account relevant spa�al and temporal informa�on on human ac�vi�es, pressures, sensi�ve receptors 
and habitats, and use the results to inform the establishment of measures and ac�ons to prevent, 
reduce or otherwise manage impacts (S7.01). The outputs presented here provide an important step 
towards more holis�c analyses than was presented in the QSR 2010. However, whilst linkages between 
DAPSIR components have been established and agreed with experts in the Bow Tie Analysis for each 
thema�c assessment, and the ODEMM pressure assessment methodology applied to the Bow Tie 
Analysis linkages for Ac�vity-Pressure-State Changes to rank their rela�ve threat in the Sankey 
diagrams, these outputs have limita�ons: 

• It has only been possible to apply the ODEMM methodology at the NEA scale for this QSR, 
however as many of the human activities, pressures and ecosystem components vary widely 
across the OSPAR maritime area the outputs presented here are indicative of the broadscale 
situation so has limitations and more refined analyses is recommended for future assessments. 

• Whilst the work has been progressed with the aim of transparency, circumstances have meant 
that engagement, whilst extensive, has mostly been via dialogue with expert groups, 
committees and working groups individually with limited opportunity for collective discussion 
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and working. One of the benefits of applying this approach should be transparency where 
everyone has the opportunity to contribute and follow each step to generate the outputs. 

• This is very much a first step in a complicated area of marine assessment and ultimately 
management. The more integrated discussion and collaborations in this QSR (compared to 
previous assessments) and the connectivity provided by the DAPSIR framework in each 
thematic assessment has been an important introduction. However, it has taken time to be fully 
embedded which has delayed the detailed analyses of cumulative effects. This delay has 
restricted what can be delivered in the time remaining for inclusion in this QSR. 

• It should be noted that the Sankey plots and associated narratives in this thematic assessment 
are an illustrative representation of a complex set of interactions between DAPSIR components 
at the coarse North-East Atlantic scale and should be considered and interpreted alongside the 
supporting full thematic assessment narrative. As such, the Sankey plots should be applied with 
caution and not considered or used as the sole basis for management decisions. 

 As such there is further work required for considera�on in future assessments, e.g., 

• Regional analyses - the Arctic Waters; Greater North Sea; Celtic Seas; Bay of Biscay and Iberian 
Coast; Wider Atlantic scale (undertaking such assessments at the North-East Atlantic scale 
obscures regional variations and further assessments should be undertaken by region, this 
would inform and guide indicator and thematic development and therefore improve the 
evidence so cumulative effects can be appropriately managed. 

• Built-in collaboration and engagement across OSPAR Expert Groups and Committees from the 
outset. 

• Better identification and quantification of impacts on ecosystem components and ecosystem 
services. 

• Better understanding of additive, multiplicative, synergistic or antagonistic interactions. 

• Refinements of the persistence and resilience analyses. 
• Incorporating management responses and to ‘test’ effectiveness of measures. 
• Considering how to use DAPSIR / ODEMM weightings to support OSPAR management. 
• Spatial analyses – mapping human activities, pressures, ecosystem components and impacts. 
• Improved collaboration and engagement across OSPAR Contracting Parties. 
• Improved collaboration and engagement with external bodies, e.g., ICES, HELCOM. 
• Improved integration between human activity, pressure, biodiversity assessments and 

economic / social analyses (Ecosystem Approach - DAPSIR). 
• DAPSIR – Natural Capital Accounting continued alignment. 
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