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Marine management Questions:
• Where are the problems & What changes do they cause?
• What is the impact of these on ecosystem structure and
functioning?

• What are the repercussions for ecosystem valuation based on
economy-ecology interactions?
• What are the future environmental changes and economic futures?
• What governance framework is there, what do stakeholders need?
• What can we do about the problems?
• Where are the risks and how to address them now and in the
future?
• What are the governance successes, failures and implications?
• How ‘good’ is the decision-making?

Challenges for science & management:
There is only one big idea in marine
management: how to maintain and
protect ecological structure and
functioning while at the same time
allowing the system to produce
ecosystem services from which we
derive societal benefits.

MSFD

MSPD

• Recovery/coping with historical legacy
• Endangered coastal and marine
ecosystem functions
• Legal & administrative framework
• Economic prosperity and delivery of
societal benefits
• Coping with climate change & moving
baselines

Hazard & Risk Typology:
Hazard leading to Risk (depending on assets)
A) Surface hydrological hazards
B) Surface physiographic removal by natural processes - chronic/long-term
C) Surface physiographic removal by human actions - chronic/long-term
D) Surface physiographic removal - acute/short-term
E) Climatological hazards - acute/short term
F) Climatological hazards - chronic/long term

G) Tectonic hazards - acute/short term
H) Tectonic hazards - chronic/ long term
I) Anthropogenic microbial biohazards
J) Anthropogenic macrobial biohazards
K) Anthropogenic introduced technological hazards
L) Anthropogenic extractive technological hazards
M) Anthropogenic acute chemical hazards

N) Anthropogenic chronic chemical hazards

= Risk Assessment & Risk
Management (RA&RM):
• Hazard Identification:
• Risk Assessment:
• Risk Management:
• Risk Communication:

DAPSI(W)R(M) framework
Drivers (societal
basic needs)
Responses
(economic,
legal, etc)
(Measures)

Activities (of
society)

Pressures
(resulting from
activities)
State change
(on the natural
system)
(for each EnMP cf. ExUP)

Impacts (on
human Welfare)
(changes
affecting wealth
creation, quality
of life)

Basic Premise:
In managing an area (estuary, coastline, sea region), we use
Risk Analysis and Risk Management:
For the Endogenic Managed Pressures – we manage the
causes and the consequences;
For the Exogenic Unmanaged Pressures – we only manage
and respond to the consequences as the causes have to be
tackled at a wider (e.g. global) scale
From the DAPSI(W)R(M) framework – we measure and
assess the Pressures, State changes and Impacts on human
Welfare but we manage (using Responses and Measures) the
Drivers and Activities
(D+P+A) + R(M) ≠ S + I(W)

The 10-tenets:
To be successful, management
measures or responses to
changes resulting from human
activities should be:
• Ecologically sustainable

The UK and Marine Scotland vision:
“clean, healthy, safe, productive,
biologically diverse marine and coastal
environments, managed to meet the longterm needs of people and nature”.

• Technologically feasible
• Economically viable
• Socially desirable/tolerable

• Legally permissible
• Administratively achievable
• Politically expedient
• Ethically defensible (morally
correct)
• Culturally inclusive
• Effectively communicable

(NB spellcheck not “a good night
in Scotland”!)

Bow-Tie analysis

Evidence ‘Mining’

• Bow-Tie analysis is an ISO certified
method

Knowledge

Information

• a simple graphical way to describe
and analyse risk pathways from
hazards linked to the outcomes of
management measures.
• a systematic approach of assuring
control over environmental, health
and safety hazards and now
adopted for the ecosystem
approach
Importance of audit
trails, defendable
actions and policies

Data

Sources

Audit Trail / Proof
Coastal Futures, SOAS, 23-24 January 2013

Bow-Tie Analysis linked to DAPSI(W)R(M) Framework
for Risk Assessment and Risk Management with
Responses (using Measures) based on the 10-tenets

D, A, P

R(M)

S, I(W)

R(M)

S, I(W)

Stakeholder consultation – to determine causes and consequences
and to agree the responses throughout the sequence

A small Bow-tie diagram - they can get
very large – e.g. for the effects of
climate change on offshore wind power

www.marine-vectors.eu/deliverables/D6_5.pdf

Screen capture of the BowTie program in action.

Risk-based Bow-Tie
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Figure 2 Primary drivers and consequences of marine global climate change (crossreferring to other figures)

CAUSES

MARINE AQUACULTURE RISKS

CONSEQUENCE

Decreased survival (1,2,5,7,9)

Job losses (3,4,6)

Decreased tolerance (1,2,5,6,9)

Job creation (3,4,6)

Decreased growth conditions
(1,2,5,7,9)

Changing employment markets
(3,4,6,7)

Decreased reproduction (1,2,5,7,9)
Decreased recruitment
(1,2,3,4,5,7,9)
Loss of habitat (3,4,5,6,7,9)
Loss of spawning areas (3,4,5,6,7,9)
Loss of nursery areas (3,4,5,6,7,9)
Decrease in habitat connectivity
(3,4,5,6,7,9)
Decrease in larval transport
(2,3,4,6,7,9)
Species range shifts (1,2,3,7,9)
Seasons change (1,2,3,7,9)
Decreased food/prey availability
(1,2,3,4,5,6,7,8,9)
Increased competition from non
native and invasive species
(1,2,3,6,7,8,9)
Modified governance (5)
Altered technologies (5)
Anthropogenic CC related direct
contaminants (5)

Umbrella categories for risks
(CC related)
1. Altered temperature regime
2. Physico-chemical water changes
3. Weather changes / climate pattern
changes
4. Sea level rise
5. Anthropogenic influences
6. Changes to rainfall and runoff
7. Loss of polar ice cover
8. Ocean acidification
9. Hydrodynamic changes

Changing aquaculture

MITIGATION gears/technology (1,2,3,4,6,7,8)

CONTROL
Legislation (e.g.. EU
directives) (3)

Promote alternative
resources (1,2)

Change the resource fished
(1,2,3,9)

Regulations (3)

Legislation (e.g. EU
directives) (3)

Increased pressure on
substitute/alternative species
(1,8,9)

Penalties (1,3)
Subsidies for use of
alternative
technology/renewable
power etc. (1,3)
Fisheries management
e.g.
Quotas/seasons/closure
s to take pressure off
threatened resources
(3,4)

Use of alternative
technology (e.g..
renewables) (2,3)

ESCALATION FACTORS
Adoption of
legislation by
member states
Enforcement
Shifts in public
perception
Finance
available to
enact control
measures

Adoption of
legislation by
member states

PROBLEMEnforcement
Loss of or
reduction in
abundance of an
aquaculture
stock

Shifts in public
perception
Finance
available to
enact mitigation
measures

Carbon capture (2)
Stock enhancements (4)

Stock enhancements (4)
Fisheries management
e.g..
Quotas/seasons/closure
(3,4)
Promote alternative
technologies (1,2,3)
Compensation payouts
(1)
Habitat offsetting (2,4)

Changes to food webs (1)
Human hunger (3,4,5,6,8,9)
Changes/impacts on artisanal
fisheries (8,9)
Changes/impacts on
traditions/values (4,8,9)
Permanent ecosystem changes
(compositions and proportions
of components) (1)

Greater controls on
trade in marine aquatic
species (e.g.. aquarium
trade) (2,3,4)
Habitat creation (2,4)

Reduction of CO2
emissions (2)
Reduce the other
pressures which make
the resource more
vulnerable to climate
change (2)

Umbrella categories for control
and mitigation measures
1. Fiscal incentives
2. Physical barrier/mitigation
3. Governance incentives
4. Biological intervention

Umbrella categories for
consequences based on the
ten-tenets
1. Ecological
2. Technological
3. Economical
4. Social
5. Legal
6. Administrative
7. Political
8. Ethical
9. Cultural
10. Communicable

CAUSES

MARINE FISHERIES RISKS

CONSEQUENCE

Decreased survival (1,2,5,7,9)

Job losses (3,4,6)

Decreased tolerance (1,2,5,6,9)

Job creation 3,4,6)

Decreased growth conditions
(1,2,5,7,9)

Changing employment markets
(3,4,6,7)

Decreased reproduction (1,2,5,7,9)
Decreased recruitment
(1,2,3,4,5,7,9)
Loss of habitat (3,4,5,6,7,9)
Loss of spawning areas (3,4,5,6,7,9)
Loss of nursery areas (3,4,5,6,7,9)
Decrease in habitat connectivity
(3,4,5,6,7,9)
Decrease in larval transport
(2,3,4,6,7,9)
Species range shifts (1,2,3,7,9)
Seasons change (1,2,3,7,9)
Decreased food/prey availability
(1,2,3,4,5,6,7,8,9)
Increased competition from non
native and invasive species
(1,2,3,6,7,8,9)
Modified governance (5)
Altered technologies (5)
Anthropogenic CC related direct
contaminants (5)

Umbrella categories for risks
(CC related)
1. Altered temperature regime
2. Physico-chemical water changes
3. Weather changes / climate pattern
changes
4. Sea level rise
5. Anthropogenic influences
6. Changes to rainfall and runoff
7. Loss of polar ice cover
8. Ocean acidification
9. Hydrodynamic changes

MITIGATION

CONTROL

Promote alternative
resources (1,2)

Legislation (e.g. EU
directives) (3)

Legislation (e.g. EU
directives) (3)

Regulations (3)

Penalties (1,3)

ESCALATION FACTORS

Stock enhancements (4)

Subsidies for use of
alternative
technology/renewable
power etc. (1,3)

Adoption of
legislation by
member states

Adoption of
legislation by
member states

Enforcement

Enforcement

Fisheries management
e.g..
Quotas/seasons/closure
(3,4)

Fisheries management
e.g.
Quotas/seasons/closure
s to take pressure off
threatened resources
(3,4)

Shifts in public
perception

Shifts in public
perception

Promote alternative
technologies (1,2,3)

Finance
available to
enact mitigation
measures

Compensation payouts
(1)

Use of alternative
technology (e.g..
renewables) (2,3)

Finance
available to
enact control
measures

PROBLEM
Loss of or
reduction in
abundance of an
fishery stock

Habitat offsetting (2,4)

Carbon capture (2)

Greater controls on
trade in marine aquatic
species (e.g.. aquarium
trade) (2,3,4)

Stock enhancements (4)

Habitat creation (2,4)

Changing fisheries gears
(1,2,3,4,6,7,8)
Change the resource fished
(1,2,3,9)
Increased pressure on
substitute/alternative species
(1,8,9)
Changes to food webs (1)
Human hunger (3,4,5,6,8,9)
Changes/impacts on artisanal
fisheries (8,9)
Changes/impacts on
traditions/values (4,8,9)
Permanent ecosystem changes
(compositions and proportions
of components) (1)

Reduction of CO2
emissions (2)
Reduce the other
pressures which make
the resource more
vulnerable to climate
change (2)

Umbrella categories for control and
mitigation measures
1. Fiscal incentives
2. Physical barrier/mitigation
3. Governance incentives
4. Biological intervention

Umbrella categories for
consequences based on the
ten-tenets
1. Ecological
2. Technological
3. Economical
4. Social
5. Legal
6. Administrative
7. Political
8. Ethical
9. Cultural
10. Communicable

Opportunity-based Bow-Ties
• The cause and effect pathways described for risk assessment
and risk management can also be used to indicate opportunity
assessment and opportunity management,
– not only will climate change cause risks to inland and marine
fisheries and aquaculture but also it may present
opportunities.
• Some of those opportunities will be the result of risks:
– for example if climate change causes a target species to be
lost or have migrated out of an area but it is replaced by
another harvestable or culturable species then this is an
additional consequence of the risk;
– alternatively, a species may move into an area and become
available for harvesting irrespective of whether it replaced
another species.
• As with the Bow-Tie diagrams for risk, enabling features are
added at both sides of the central opportunity and which may
enhance the opportunity.

Marine wild fisheries opportunities
CAUSES
Increased survival of southern spp
(1,2,5,7,9)
Increased tolerance (1,2,5,6,9)
Increased growth conditions
(1,2,5,7,9)
Increased reproduction (1,2,5,7,9)
Increased recruitment (1,2,3,4,5,7,9)
Gain of habitat (3,4,5,6,7,9)
Gain of spawning areas (3,4,5,6,7,9)
Gain of nursery areas (3,4,5,6,7,9)
Increases in habitat connectivity
(3,4,5,6,7,9)
Increase in larval transport
(2,3,4,6,7,9)
Species range shifts (1,2,3,7,9)
Seasons change (1,2,3,7,9)
Increased food/prey availability
(1,2,3,4,5,6,7,8,9)
Decreased competition by loss of
"native" species (1,2,3,6,7,8,9)
Modified governance (5)
Altered technologies (5)
Different stock species available for
harvest (2,5)

BENEFITS
ENHANCE
OPPORTUNITY
Legislation (e.g. EU
directives) (3)
Regulations (3)
Penalties (1,3)
Subsidies for use of
alternative
technology/renewable
power etc. (1,3)
Fisheries management
e.g.
Quotas/seasons/closure
s to take pressure off
threatened resources
(3,4)
Use of alternative
technology (e.g..
renewables) (2,3)
Carbon capture (2)
Stock enhancements
(1,3,4)
Reduction of CO2
emissions (2)
Reduce the other
pressures which make
the resource more
vulnerable to climate
change (2)

Umbrella categories for opportunities (CC related)
1. Altered temperature regime
2. Physico-chemical water changes
3. Weather changes / climate pattern changes
4. Sea level rise
5. Anthropogenic influences
6. Changes to rainfall and runoff
7. Loss of polar ice cover
8. Ocean acidification
9. Hydrodynamic changes

EXPLOITATION
MEASURE

ESCALATION FACTORS
OPPORTUNITY Adoption of
Adoption of
legislation
Enforcement of
control measures
Shifts in public
perception
Finance available
to enact
enhancement
measures

New or increased
abundance of a
marine fishery
stock

legislation
Enforcement of
mitigation
measures
Shifts in public
perception
Finance available
to enact
exploitation
measures

Umbrella categories for exploitations and
enhancement measures
1. Fiscal incentives
2. exploitation of opportunity
3. governance incentives
4. developing synergisms (synergy = things
together produce a combined effect greater
than the sum of their separate effects)

Promote resource to
industry and consumers
(2,4)
Remove restricting
legislation (2,3)
Subsidies (1,3)
Fisheries management:
Quotas/seasons/closure
s/MLS to allow stock to
grow/develop (3)
Promote alternative
technologies (2,4)
Habitat creation to
support growth of new
stock (2,3)

Job creation (3,4,6,)
Changing employment markets
(3,4,6,7)
Changing fisheries gears
(1,2,3,4,6,7,8)
Fishing new spp/stock takes
pressure off "old" spp/stock
(1,8)
Decreased pressure on
substitute/alternative species
(1,8)
Opportunity for exporting
products (2,3)
Processing (2,3,6)

Umbrella categories for benefits
based on the ten-tenets
1. Ecological
2. Technological
3. Economical
4. Social
5. Legal
6. Administrative
7. Political
8. Ethical
9. Cultural
10. Communicable

Marine aquaculture opportunities
CAUSES
Increased survival of southern spp
(1,2,5,7,9)
Increased tolerance (1,2,5,6,9)
Increased growth conditions
(1,2,5,7,9)
Increased reproduction (1,2,5,7,9)
Increased recruitment (1,2,3,4,5,7,9)
Gain of habitat (3,4,5,6,7,9)
Gain of spawning areas (3,4,5,6,7,9)
Gain of nursery areas (3,4,5,6,7,9)
Increases in habitat connectivity
(3,4,5,6,7,9)
Increase in larval transport
(2,3,4,6,7,9)
Species range shifts (1,2,3,7,9)
Seasons change (1,2,3,7,9)
Increased food/prey availability
(1,2,3,4,5,6,7,8,9)
Decreased competition by loss of
"native" species (1,2,3,6,7,8,9)
Modified governance (5)
Altered technologies (5)
Different stock species available for
harvest (2,5)

BENEFITS
ENHANCE
OPPORTUNITY
Government incentives
(2,3)
Subsidies (2,3)
Fisheries management
(Quotas/seasons/closur
es/MLS to allow stock
to grow/develop) (1,2,3)
Use of alternative
technology (e.g..
renewables) (2,3)
Reduction of CO2
emissions (2)
Stock enhancements
(1,3,4)
Habitat creation to
support growth of new
stock (2,3)
Marine spatial planning
(2)

Umbrella categories for opportunities (CC related)
1. Altered temperature regime
2. Physico-chemical water changes
3. Weather changes / climate pattern changes
4. Sea level rise
5. Anthropogenic influences
6. Changes to rainfall and runoff
7. Loss of polar ice cover
8. Ocean acidification
9. Hydrodynamic changes

EXPLOITATION
MEASURE
ESCALATION FACTORS
Adoption of
legislation
Enforcement of
control measures
Shifts in public
perception
Finance available
to enact
enhancement
measures

OPPORTUNITY
New or increased
abundance of a
marine
aquaculture
stock

Adoption of
legislation
Enforcement of
mitigation
measures
Shifts in public
perception
Price of harvesting
technology
Finance available
to enact
exploitation
measures

Umbrella categories for exploitations and
enhancement measures
1. Fiscal incentives
2. exploitation of opportunity
3. governance incentives
4. developing synergisms (synergy = things
together produce a combined effect greater
than the sum of their separate effects)

Promote resource to
industry and consumers
(2,4)
Remove restricting
legislation (2,3)
Subsidies (1,3)
Fisheries management:
Quotas/seasons/closure
s/MLS to allow stock to
grow/develop (3)
Promote alternative
technologies (2,4)
Habitat creation to
support growth of new
stock (2,3)

Job creation (3,4,6,)
Changing employment markets
(3,4,6,7)
Changing fisheries gears
(1,2,3,4,6,7,8)
Culturing new spp/stock takes
pressure off "old" spp/stock
(1,8)
Decreased pressure on
substitute/alternative species
(1,8)
Opportunity for exporting
products (2,3)
Processing (2,3,6)

Umbrella categories for benefits
based on the ten-tenets
•Ecological
1. Technological
2. Economical
3. Social
4. Legal
5. Administrative
6. Political
7. Ethical
8. Cultural
9. Communicable

The Way Ahead: Next Steps (1)

Quantifying the ‘cause - prevention
– problem – mitigation –
consequences pathway’ using
Bayesian Belief Network Modelling
– use probabilistic relationships or
expert judgement

The Way Ahead: Next Steps (2)

Challenge – to merge marine environmental quality management (e.g. MSFD)
with maritime spatial planning and Blue Growth initiatives (e.g. MSPD)

But (and there is always a ‘but’):
Does MSP mean an activity is
allowed:
• Where the developer wants it to
be?
• Where the regulator wants it to be?
• Where all the stakeholders want it
to be?
• Where it can be?
• Where it should be?
• Where there is any space left for it?
Or
• Where the assimilative capacity of
the system can accommodate it?(*)
(* and if not then will the environmental regulator say it cannot
be allowed but the finance minister say it has to be allowed!!!)?

Assimilative Capacity/Carrying Capacity
Previously

Proposed

Assimilative the ability of a body of
capacity
water to assimilate a
contaminant without
showing adverse
changes

the amount of an activity
or activities allowed in a
body of water before it
adversely affects the
quality

Carrying
capacity

the ability of a body of
water to support a given
amount of activity or
activities or ecological
component

the amount of biota
(e.g. number of birds
or fishes) that a given
habitat can support

Tourism

Biotechnology

Offshore Wind
Aquaculture

Deep sea mining

Fishing

MSPD and MSFD – theoretical compatibility

Pristine marine environment with no activities

*
*

Assimilative Capacity

*
*
*
*
GES (behaves differently with each Descriptor)

Basis –
(1) that an area has a finite
assimilative capacity which
is intact in the pristine state
and then decreases with
each activity permitted,
(2) that the assimilative
capacity is regained with
or
amount of assimilative
* Themitigation
the activity, its spatial and temporal footprint, its
compensation,
cumulative and in combination effects, the mitigation
by managers,
applied
measures
and compensation
(3) that GES
can
still
be on
the particular MSFD Descriptor in question, and the
achieved
with
the
marine environment.
of the
and components
habitats
permitted activities in place

[* Assumption: that the assimilative capacity used in an area depends on the
precise activity, its spatial and temporal footprint, the cumulative and incombination effects, any mitigation and/or compensation measures performed
on any components/ habitat, and on the particular descriptor in question]

Main messages (1):

• Bow-tie as a cause – prevention – problem –
mitigation – consequences chain
• An ISO standard risk assessment and risk
management method – used and understood
by industry
• Treats the environment as an organisation
with the same input/output controls and
constraints
• Maps on to DAPSI(W)R(M) framework to
indicate where are the solutions to the
problems
• Underpins the quantitative development and
modelling

Main messages (2):
•Gives an ability for nested Bow-ties and and
consequence to become the problem in the
next Bow-tie
• Has the potential for opportunity analysis and
management
• Gives the development towards cumulative
and in-combination effects, footprints of
activities and footprints of laws
• Used to determine how much assimilative
capacity can be used before breaching good
status
• Potential to determine whether Blue Growth
vs. status-achievement takes precedence
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