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Executive summary

The ICES Study Group on Risk Assessment and Management Advice (SGRAMA) met
at the ICCAT Headquarters, Madrid, Spain, 23-27 November 2009. This was the
fourth and final meeting of the Study Group.

Through a variety of work (including ICES expert groups and EU and nationally
funded research projects) competence has been developed on risk-based manage-
ment within the ICES area. Considerable experience has been gained in research
studies adapting best practice risk assessment methodologies for use within ICES
fisheries. This competence and experience provides the basis for moving risk based
management to an operational status within ICES. Further research should, of course,
be ongoing. However, the decision to move to risk analysis as an operational man-
agement tool within ICES should now be considered a strategic policy decision, not a
scientific one. The specific challenges in implementing such management within
ICES, which are not relevant at a national level, are those associated with the multina-
tional nature of ICES fisheries management. Lessons can be drawn from other disci-
plines where transnational directives related to the environment have been
successfully implemented within ICES and the European Union.

During the lifetime of SGRAMA we have been fortunate to have had the benefit of
experts from Australia, South Africa and Canada presenting the details of existing
best practice risk-based fisheries management. In addition experts from RFMOs and
disciplines other than fisheries have contributed expertise and experience. Brief over-
views, and links to relevant literature, have been presented for South Africa (ICES,
2007), Canada (ICES, 2008), and Australia (Section 7). In all cases the approaches in-
volve a structured and transparent risk assessment system, and the adoption of an
iterative approach where experience gained is used to improve the process based on
experience gained.

The SGRAMA group has produced an overview of critical issues relating to risk in
fisheries management (Section 3). An overview of previous reports is presented in
Section 5, outlining the areas that have been covered during the lifetime of the Study
Group on Risk Assessment and Management Advice. A high level overview of some
related work within ICES and several EU and nationally funded projects (such as
PRONE, JAKFISH and DEFINEIT) was presented which mapped out the expertise
and competence that has been developed and would be available to support the use
of risk assessment as an operational tool for ecosystem management in ICES fisheries.
Finally an outline of three risk assessment frameworks currently in use in Australia
has been given in Section 7. Several documents in Annex 2 give more detail on some
of the work described in this report.

It is hoped that this document, together with previous reports, provides an overview
of risk analysis in fisheries management around the world, and highlights how such
approaches would be both valuable and feasible within ICES.
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Opening of the meeting

The meeting opened at 10:00 on 23 November 2009. The Chair was unable to attend
the meeting, as a result of illness. The first order of business was therefore to elect an
interim Chair for the meeting; Dr Daniel Howell from IMR Bergen was selected. The
list of participants and contact details are given in Annex 1. The venue was the IC-
CAT headquarter in Madrid. The meeting facilities are well suited for such a meeting,
and we are grateful to ICCAT for their cooperation in hosting the meeting.

Adoption of the agenda

The terms of reference for this meeting were as follows:

a) on the basis of the previous SGRAMA meetings and reports, input from
WGFS and experience gained elsewhere, continue to develop operational
guidelines for risk assessment as a part of the fisheries management ad-
vice process by:

i)  identifying potentials for measuring or estimating consequences
and probabilities;

ii)  relating indicators to negative consequences and developing
management procedures based upon such indicators;

iif)  considering different approaches to risk identification;

iv)  considering risk communication as a part of traditional fisheries
management advice;

v)  and in further detail suggest what elements or phases of a risk as-
sessment is best suited for expert groups only.

b) present previous reports and proposed guidelines and framework to sci-
entists outside SGRAMA and incorporate comments and suggestions;

This report focuses on ToR a), providing operational guidelines for incorporating risk
analysis into management of ICES fisheries. ToR a(i) is covered in Section 3, 6.1 and
Section 7; ToR af(ii) is covered in 6.5, 6.6 and Annex 2; ToR a(iii) in 3, 6.1, 6.3, 7 and
Annex 2; ToR a(iv) in Section 3, 6.1, 6.4 and 7; and ToR a(v) in Section 3. The report
provides a basis for communicating these issues outside SGRAMA, as required in
ToR b. The report has been structured to provide an overall outline of the critical
points in adopting a risk assessment based approach to fisheries management, and a
review of a number of projects within ICES and the EU where competence and tools
are being developed that could be utilized in moving towards making risk-based
management operational within ICES.

Applying Risk Analysis in Fisheries

Risk analysis is an established strategy in disciplines where uncertainty is present
and consequences vary. Risk analysis can be used to prioritize the use of limited re-
sources or develop strategies that are robust to the various types of uncertainty. It is
therefore un-surprising that risk analysis is already comprehensively used to support
ecosystem approach to fisheries in many jurisdictions. !

1 Ecosystem-based fisheries management is a strategy to implement an ecosystem approach to fisheries.
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The ecosystem approach to fisheries (EAF) involves planning, developing, and man-
aging fisheries in a manner that address the multiple needs and desires of society
without compromising the options for future generations (FAO 2005a). EAF is consis-
tent with EU fisheries policies that require the integration of international, national
and local environmental issues. The ecosystem approach to fisheries is also the un-
derlying approach within Norwegian and Australian fisheries management policies.
Implementation of the EAF requires consideration of a broader range of issues and
options than conventional single species fisheries management.

If management advice for ICES fisheries aims to integrate the principles of EAF then
decisions need to be taken about the scope and implementation of risk-based meth-
ods. Various approaches are already available, including those developed by ICES
Working Groups and national and EU projects, to move this strategy forward. This
report outlines these approaches and summarizes other relevant research. Implemen-
tation of relevant, effective and efficient risk-based approaches will improve out-
comes across the mosaic of ecological, economic and social issues that constitute
contemporary fisheries.

The following statements summarize the arguments presented in this report:

e Risk analysis (an umbrella term for risk awareness, assessment, manage-
ment and communication) provides an accountable and transparent
framework for prioritizing actions in fisheries research and management,
particularly in the broader context of the ecosystem approach to fisheries.

e There is documented evidence of risk analyses improving outcomes from
fisheries management in Australia, Canada, South Africa and the United
States. These analyses have considered potential fishery affects upon target
species, non-target species, discarded species, threatened species, habitats
and ecological communities.

e Effective application of risk-based approaches requires clear legislative
and policy guidelines in which to frame the scope of any assessment.
These guidelines should enable objectives or goals to be determined for the
various components for the fishery so that risks with respect to these objec-
tives or goals can be ascertained.

e The value-based nature of issues within fisheries requires recognition that
risk-analysis is a decision support tool, not a decision-making tool. Exist-
ing decision-making processes (which may involve political discretion)
should be supported by risk analyses.

e The importance of risk awareness and communication within risk analyses
cannot be underestimated. There should be meaningful consultation with
fishery stakeholders as part of any implementation plan.

e Risk-based approaches in Australia, Canada, South Africa and the United
States have all required significant investment from scientific, managerial
and industry experts. This investment will be associated with opportunity
costs.

e A trade-off exists when managing fisheries within a risk-based paradigm.
Fisheries can be managed at similar levels of risk by either: adopting inten-
sive harvesting policies that require costly research, monitoring and man-
agement systems; or, harvesting moderately and having lower-cost
research, monitoring and management systems. This concept is well estab-
lished in single-species management but also generalizes to ecosystem-
based approaches. Sainsbury (2004) has referred to this trade-off as the
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“catch-management cost-risk” spectrum. Harvest control rules have been
developed in Australia that manages fisheries across this spectrum?.

e Risk assessment and risk management are generally seen as sequential
processes that should be separated to ensure that they do not overly bias
each other (for instance, the European Food Safety Authority does not un-
dertake risk management at all, but only does risk assessment, to ensure
separation of responsibilities with managing regulatory agencies)®. Alter-
natively risk assessment and risk management are seen as running in par-
allel, with transparent interactions between the processes, as advocated by
FAO". In some fields, such as software engineering, it is suggested that in-
tegration of risk assessment and risk management will lead to more effec-
tive and efficient solutions to problems®. This may apply in fisheries,
where frequent reassessment following imposition of management leading
to new management is an ongoing, interactive process.

e A tiered or hierarchical approach has been extensively used for risk analy-
sis in Australia (Fletcher, 2005; Hobday, et al., 2007). The first tier was a
qualitative, but effective and efficient, screening process that considered
the large numbers of potential affects of fisheries on the environment. Is-
sues identified as being beneath some predetermined risk threshold (e.g.
low risk) were not considered in more detail. Remaining issues were then
assessed using a more detailed approach (which, in some cases, was fully
quantitative). Issues that were determined to be of an unacceptable risk in
the first tier were managed immediately.

e Vulnerability to risks in fisheries has several causes. Some is based on
natural processes (stocks vary) or intrinsic uncertainty (we don’t know
how they vary). Management and social processes can also increase vul-
nerability (we need the fish, and may be catching too many for sustainable
stocks), and may thus be used to assign some responsibility to particular
actors in the system.

e  Within the risk assessment framework there is a need for expert groups to
tackle specific issues identified as being of concern. Such issues are likely
to include quantitative stock assessment or harvest control evaluations.
Equally in moving beyond a single species context or into novel manage-

? http://www.daff.gov.au/fisheries/domestic/harvest strategy policy

3 “In the European food safety system, risk assessment is done independently from risk management. As
the risk assessor, EFSA produces scientific opinions and advice to provide a sound foundation for Euro-
pean policies and legislation and to support the European Commission, European Parliament and EU
Member States in taking effective and timely risk management decisions.”
http://www.efsa.europa.eu/EFSA/efsa locale-1178620753812 aboutefsa.htm

4 “National governments should acknowledge the importance of functional separation between risk as-
sessment and risk management while ensuring transparent and appropriate interaction between them.”
http://www .fao.org/docrep/MEETING/004/Y1941E. HTM

5 Identification of potential faults and their solutions is carried out continuously by software engineers,
who learn from both processes. “....risk assessment and management, as a process, will more and more
assume the role of an overall cross-functional system integration agent.”

http://ieeexplore.ieee.org/xpl/freeabs all.jsp?arnumber=531900
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ment tools the input of experts from other relevant disciples (e.g. ecology,
social science, economics, and policy analysis) would be essential. How-
ever, other areas may also need to be delegated in this fashion. For exam-
ple, communicating a range of different uncertainties (qualitative and
quantitative) without misleading and confusing is difficult. Stakeholder
acceptance will be increased by involving stakeholders in decisions on
which tasks to delegate to expert groups.

4 Specific recommendations

4.1 Operational guidelines

Risk analysis is a transparent and accountable method for supporting pre-
cautionary ecosystem management.

ICES/EU work on developing elements of risk-based approaches to fisher-
ies management is well developed. Such methods have been demonstrated
to be effective in other countries, and are now at a stage where they can be
applied in ICES fisheries management.

Any risk based approach to fisheries management within ICES areas
should be consistent with international standards for risk analysis (e.g.
AS/NZS 4360:2004, ISO 31000:2009), and address issues of likelihood, con-
sequence and confidence.

Research needs can be identified from a risk assessment, ideally with pri-
orities determined by an analysis of the expected value of the additional
information.

The risk analysis framework should include mechanisms for evaluating
performance, and be subject to review.

Increase coordination and dissemination between relevant ICES expert
groups, and between ICES groups and other bodies relevant to risk-based
management of fisheries.

4.2 Further research

Continue supporting projects investigating risk-based approaches to fish-
eries management such as PRONE, JAKFISH, ECOKNOWS, and DE-
FINEIT.

Encourage research on the integration of risk analysis concerning the af-
fects of fishing on fish communities and habitats.

Review the use of novel tools (e.g. insurance and other financial tools,
multi-sector management) that have the potential to improve the robust-
ness of fisheries management to environmental, economic and social un-
certainties.

Further research within the ICES community should be based on “learning
by doing”. That implies that any case studies should be carefully planned
including a detailed evaluation of the process and the usefulness of the
outcome as a basis for advice.

5 Overview of previous reports

Previous reports of this Study Group have covered a range of different issues related
to risk assessment in Fisheries. One point that was covered in different contexts in all
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of the previous reports (ICES, 2006; 2007; 2008) was the utility of the risk assessment
process in highlighting which areas (stocks, data, management, etc) are high risk and
thus deserving of increased resources (either research or management), and which
ones can be considered to be low risk. The risk assessment therefore serves as a filter
to prioritize research resources and management actions, and allows both qualitative
and quantitative information to be used in an appropriate context. This allows for the
breadth required for ecosystem coverage without sacrificing the depth currently pre-
sent in many single species assessments.

In 2006 and 2007 reviews were conducted of a range of existing approaches to risk-
based management in different countries and contexts. The first SGRAMA report
(ICES, 2006) began with a review of several different approaches to risk assessment
from around the world. Examples from the IPCC (2004), the EPA in the US (Envi-
ronmental Protection Agency, 1998), the UKCIP report on climate adaption (Willows
and Connell, 2003), the book “Risks and Decisions for Conservation and Environ-
mental Management” (Burgmann, 2004), and the paper “A framework for risk analy-
sis in fisheries decision-making” (Lane and Stephenson, 1998). In 2007 the review
section was repeated and extended with a review of the paper ““Risk” in fisheries
management” (Francis and Shotton, 1997). The report noted that a common feature of
the different methods was an iterative approach, with past experience improving the
decision-making process without demands for a perfected version being allowed to
prevent progress. In addition, an extensive review was conducted in 2007 of the Aus-
tralian approach to risk assessment in fisheries, and in particular the South African
experience in implementing this approach (ICES, 2007). Several working documents
were appended to the report giving details of the experience from South Africa on the
adoption of risk assessment procedures and the functioning of Operational Manage-
ment Strategies (Management Strategy Evaluations) within a risk analysis frame-
work. The 2006 and 2007 reports also highlighted the multidisciplinary nature of risk
assessments, and the need for broad participation in designing and conducting an
effective risk assessment. The general context of risk analysis was considered to be
highly appropriate to the management of ICES fisheries, and seen as an important
potential step towards implementing the precautionary principle within an ecosys-
tem management context. The current ICES handling of risk and uncertainty ana-
lysed and described. The report noted that the term “risk” was used in imprecise, and
often contradictory, ways within ICES.

In 2008 SGRAMA (ICES, 2008) the different priorities in managing data rich and data
poor stocks were also discussed and suggestions made as to how the risk assessment
procedure gave a framework for combining the different work required on different
stocks. There was a report on the Management Strategy Evaluations from the
WGSAM, where uncertainty was a central part of the evaluations. An implementa-
tion of the risk assessment process in Sockeye Salmon in Canada was described. An
overview of the aims of the PRONE EU project was provided. The Study Group also
examined specific issues relating management reference points in relation to risk
assessment and management. It was noted that such management reference points
(e.g. Biim, Bpa) are often set on an ad hoc basis, with scientific justifications often sparse
or absent. The potential problems in setting Biim to Biss were also highlighted. It was
recommended that part of any fisheries risk assessment process should consider the
validity of the management reference points, and the implications of any uncertain-
ties for the stock management. A series of specific recommendations were made for
using limit reference points in managing fisheries within a precautionary approach
and considering risk and uncertainties (ICES, 2008). The use of Bim, and especially
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6.1

6.2

using ad hoc values or using Biess as a proxy for Bim, was considered to pose potential
risks to fisheries. The SG recommended that risk assessments be conducted to iden-
tify if the use of Bim as a management reference point and the value chosen for Biim
were compatible with the precautionary approach to the management of that fishery.
Where resources permit an analysis of the harvest control rule using Management
Strategy Evaluation or the Bayesian Approach was recommended. The SG also rec-
ommended that a broad risk assessment could be used to identify which stocks were
most vulnerable to fishing, prioritize work to improve the understanding and man-
agement of these stocks, and thus provide a useful tool for managing “data poor”
situations.

Related work

A number of different projects have been and are underway within Europe and ICES
that relate to risk assessment in fisheries and within environmental protection as a
whole. Some of these are briefly described below, and we consider it important to
take the expertise and experience from these projects into wider use in ICES fisheries
management.

PRONE

The PRONE project (Precautionary risk methodology in fisheries) was an EU-funded
research project whose main aim was to improve the identification, assessment, man-
agement and communication of risk in fisheries management and to provide an inte-
grated approach including biological, economic and social objectives. PRONE did
this by developing new methodology, reviewing approaches taken elsewhere and
showing how they could be adapted for use in a European fisheries context. The
SGRAMA recognized the significance of the work of PRONE and the many impor-
tant steps it has taken towards developing and implementing a risk framework for
fisheries in Europe.

Reviews of the risk methodology in other fields made it obvious that fisheries should
adapt methodological approaches from other scientific fields, especially in regard to
an EAFM. In addition, there is a long history in utilizing models for stakeholder
communication in other fields. For example, the EU Marine Strategy and Water
Framework Directives ask for methods applicable to stakeholder communication,
and fisheries could be linked to these activities (see JAKFISH below). Further details
are in Annex 2.

PRONE: Fisheries insurance concept

The PRONE project addressed aspects of uncertainty in fisheries. Uncertainty can
cause behaviour that adversely affects the sustainability of stocks, for example in-
creasing effort on falling catches to maintain revenue. Many responses to uncertainty
in fisheries are retrospective, for example changing TACs after stocks appear to have
fallen. By contrast, insurance is prospective, looking ahead to mutually perceived
risks and responding to these in advance through the establishment of premiums and
claims processes. Insurance is based on modelled risks and behaviour, which are
accepted by all parties to the insurance. In PRONE a stochastic model was developed
to illustrate how insurance funds could protect revenue and encourage increased
sustainability of fisheries, and improve compliance and enforcement for fisheries
regulation. The reality of these models is less important than their general acceptance
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for the purpose, but periodic reviews would help to bring the accepted risk/insurance
model nearer to reality.

Insurance may transform the governance framework. In agricultural examples exam-
ined by PRONE insurance has led to the establishment of more convergent objectives
and behaviour among stakeholders (industry, regulators, and consumers). This oc-
curred through changes in responsibility that shifted the burden of risk, and allowed
increased trust between regulators, industry, and scientists. It also provided incen-
tives for industry to pay for information and dissemination that reduced uncertainty
(lowering premiums).

A major obstacle to any insurance programme is overexploitation in most capture
fisheries (FAO, 2005b). Insurance could reduce the overexploitation that may result
from responses to uncertainty, such as increasing effort on falling catches. Insurance
is only likely to be a useful tool within a fishery that is either well-managed or willing
to be well managed. The opportunity for insurance may be an incentive to moving to
a well-managed fishery because there is a greater expectation of sustainability.

An insurance model provides a transparent, logical method of converting risk into a
convenient (monetarised) metric. The principles of an insurance approach to uncer-
tainty (and not necessarily an actual insurance scheme) make it possible to place a
value on the various components of uncertainty that arise from lack of accuracy or
other causes of non-credibility. It may also be a way of introducing a value for mu-
tual trust among stakeholders (showing them what it costs to disagree).

Plant health risk analysis approaches

The PRATIQUE® project (Baker et al., 2009) is a European effort to enhance the pest
risk analysis process applied to exotic pests affecting agriculture and natural envi-
ronments. The approach used here represents one approach to risk analysis that
could be relevant in designing risk-based fisheries management within ICES. Key
issues identified in this project include the need for a consistent framework for as-
sessing the likelihood and consequences of exotic pests and linking pest risk man-
agement measures to risk assessments in a more rational and transparent process.
Consistency is difficult because of the wide range of taxa involved as risk agents and
the diverse pathways and receptors for these risks. Consistency is important because
of the trade implications and international treaty obligations that are affected by re-
sponses to these diverse risks. A specific focus of the project is the consistency and
harmonization of the pest risk analysis process used by the European and Mediterra-
nean Plant Protection Organisation (EPPO)”, which uses a framework from the Inter-
national Plant Protection Convention (IPPC)® (IPPC, 2007). EPPO carries out species
risk assessments of pests that have been requested by its member states. This is done
by convening a panel of risk experts, usually for five days, during which a consensus
is developed on the component attributes of a pest threat and appropriate manage-
ment responses, using a common risk assessment and management scheme®. This
process generates a risk assessment and management report in a standard format for
publication and action by member states.

® https://secure.csl.gov.uk/pratique/index.cfm

7 http://www.eppo.org/QUARANTINE/Pest Risk Analysis/PRA intro.htm

& https://www.ippc.int/IPP/En/default.jsp

? http://www.eppo.org/QUARANTINE/Pest_Risk Analysis/PRA template 2009.doc
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6.4

6.5

In Great Britain invasive species risks are assessed through the Non-native Risk
Analysis Panel (NNRAP) of the Non-native Species Secretariat (NNSS)!* using a
method based on that described by Baker et al. (2007). The NNRAP/NNSS establishes
species for which there is concern, commissions’ risk assessments from experts with
experience of the relevant taxonomic group, and acts as a peer review body that en-
sures a consistent standard for assessments. Alien species risks are novel and cannot
be tested experimentally so the assessments are often quite subjective, but must still
have sufficient rigour to ensure that appropriate responses can be justified. The
NNSS uses a risk assessment template adapted from the one developed by EPPO in
which risk assessors are required to score approximately 50 individual components
of risk related to entry, establishment, spread and affect. Each component is scored
on a five point scale (see appendix) for either likelihood or magnitude, as appropri-
ate, and the assessor indicates the level of confidence on a four point scale (see ap-
pendix). Each of these scales is clearly and consistently defined throughout the
system. Each component score must be justified by documentation from the risk as-
sessor. An overall score is given by the risk assessor for each of the four components,
with entry and establishment expressed as likelihood and spread and impact as mag-
nitude. The peer review process then checks that the overall subjective component
scores is convincingly justified by the scoring of individual questions and that these
are adequately documented. The process iterates with the risk assessor until a con-
sensus is reached. The NNSS prepares a risk assessment summary in a standard for-
mat which is passed to the executive agencies responsible for implementing invasive
species policy, with relevant options for management. No explicit weighting is given
to component scores, but key components that contribute to the overall assessment
score are highlighted in the summary. The summary includes a risk profile showing a
cumulative probability distribution of possible impact derived from the summary
likelihood, magnitude and confidence scores of the risk assessors. By using a consis-
tent risk assessment process comparative risk profiles can be presented for very dif-
ferent species, allowing agricultural and environmental policy to be consistently
applied.

EU JAKFISH project

The EU project JAKFISH (Judgement and Knowledge in Fisheries Involving Stake-
holders) is currently building on the work carried out in PRONE towards more de-
fined institutions, practices and tools to support governance and management
decision under uncertainty. The experiences of various fora implementing participa-
tory decision-making that deals with uncertainty, complexity and ambiguity is being
analysed in order to map how scientific information is being used in the process by
the various actors and institutions involved. JAKFISH attempts to answer various
questions on the skills, tools and institutions necessary for participatory decision-
making to proceed based on the best scientific advice and the perceptions of multiple
actors, and how that framework can best support the necessary community and the
required processes of quality control, transparency and accountability.

Indicators

Risk management in fisheries can be undertaken using a wide range of options avail-
able to fishery managers. These options include licensing regimes, catch limits, gear

10 http://www.nonnativespecies.org/
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regulations, compliance strategies, minimum and maximum legal sizes, temporal and
spatial closures, bycatch limits, discard bans and possession limits. Such regulatory
strategies should be supported by consultative and educational arrangements. In
almost all cases, these management options will reduce risks by decreasing the likeli-
hood of outcomes that are inconsistent with the objectives for the fishery.

Risk management has several characteristics that may make it differ from the usual
strategies used in fisheries management. First, as a consistent assessment process has
been used to identify and rank risks that have the potential to impact objectives, there
should be better prioritization of resulting managerial actions. Second, if this assess-
ment process has been done with effective consultation and communication (i.e.
transparency), then the priority actions should have improved support from stake-
holders. The third dimension of risk management is that, in some cases, management
may be used which is designed to provide improved outcomes in an uncertain sys-
tem, without the need to understand how and why the system is being impacted. For
example, insurance is a risk management strategy, but the purpose of insurance is not
to mitigate particular events, but lessen the negative outcomes of those events should
they occur.

In all applications of risk management in fisheries there must be performance meas-
ures defined to determine the success or otherwise of management actions with re-
spect to achieving agreed objectives. This requires the development of appropriate
indicators or reference points against which performance can be measured. This prin-
ciple applies to valuable single-species fisheries, multispecies fisheries and fisheries
managed in a broader ecosystem context (and everything in-between). Indicators and
reference points are both required to define management performance and a range of
existing and novel methods are available or are being developed and evaluated (IM-
AGE, PRONE, JAKFISH, SGHERWAY).

Experience in South Africa, Australian and New Zealand has indicated that codified
decision rules (or harvest control rules based upon reference points) can improve
fishery outcomes by providing certainty of process to industry and government. The
performance of harvest control rules can be evaluated with respect to a number of
criteria including biological and ecological sustainability, economic performance,
social acceptability and food security.

Since 1998, ICES advice on fisheries management consists of a dual system of limit
and “precautionary approach” reference points, the latter providing a buffer to safe-
guard against natural variability and uncertainty in the assessment, and ensuring that
limit reference points are avoided with high probability (ICES, 2007). Cadrin and
Pastoors (2008) noted that of the 137 ICES management units for which advice is pro-
vided by ICES, only 17% actually had the necessary estimates to implement the pre-
cautionary control rule, while 61% had no estimates of reference points at all. In
addition the World Summit on Sustainable Development (WSSD; COFI, 2003) com-
mits signatories to maintain or restore stocks to levels that can produce the maximum
sustainable yield (MSY) by 2015.World Summit on Sustainable Development (WSSD).
Although target reference points have been suggested by ICES in some cases but
have they have not been formally included in the advisory practice. Therefore while
there is a need for ecosystem or community indicators there is also still a need to
develop reference points for exploited fish stocks.

In a single species context, indicators/reference points are an important part a moni-
toring, assessment and management procedures. The choice of indicators/reference is
paramount: as they must have enough fidelity to detect and differentiate between
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changes in the environment or because of exploitation. In data-rich fisheries, an indi-
cator such as such as the average weight of the landed fish or the proportion of older
fish can be used as part of a portfolio of monitoring methods, and fisheries-
independent survey-based indicators such as those developed by the EU-sponsored
project FISBOAT may be suited for this situation. However evaluation of the robust-
ness of any indicators used for management is essential, because an indicator such as
mean size landed may not actually measure a property of the population, as it can be
a function of changes in targeting by fleets and management regulations. Also credi-
bility with stakeholders is important, for example where fishermen dispute survey
results because survey stations and gear used differ from fishing locations and com-
mercial gears.

One tenet of the ecosystem approach to fisheries (EAF) is to ensure that fishing effects
on fisheries and the environment are sustainable. Systems based on indicators and
reference points are usually used to track progress towards sustainability. Meeting
sustainability objectives for fisheries and the environment requires knowledge of the
trade-offs between catches and fishing impacts. In Europe, the need for this knowl-
edge is particularly pressing following the adoption of the Marine Strategy Frame-
work Directive (MSFD; EC 2008a), since one of the main aims of the MSFD is to
achieve Good Environmental Status (GES) for ecosystem components and attributes
(e.g. populations, communities, foodwebs, seabed habitats, biodiversity) that are
impacted by fishing. Knowledge of trade-offs between multiple objectives i.e. of si-
multaneously meeting environment and fisheries objectives, is required to inform the
selection of reference points and to ensure that any incompatibilities and their conse-
quences are recognized at the outset. If knowledge of these trade-offs does not inform
decisions about the definitions of GES then there are risks that (i) all objectives could
not be met simultaneously and (ii) the policies will not be regarded as workable or
credible by stakeholders.

For data-limited fisheries, finding an empirical indicator of sufficient quality remains
a challenge. Sized based models provide a way of addressing these issues and evalu-
ating appropriate indicators in a cost-effective and timely manner. For example if all
‘populations’” in the North Sea are fished at MSY what would be appropriate com-
munity indicators (ref)? The next problem will be to develop appropriate operational
monitoring and management regimes or procedures. Such models will be important
in proposing and evaluating appropriate indicators for use in management using
management strategy evaluation (MSE). Especially if combined with single species
MSE.

Indicator maybe used with a statistical process control method such as the cumula-
tive sum (or CUSUM) method, in order to remove subjectivity in the detection of out-
of-control signals in order to stabilize the fishery via management procedures. Work
currently in progress is evaluating the application of simple HCRs to the CUSUM
monitoring of changes in catch-based and other indicators in simulated fisheries, both
for single-species and community-based management.

The EU project DEFINEIT aims to develop resource indicators that combine eco-
nomic, social and biological indicators. The traditionally used indicator of economic
activity is the operating economy of the fishing fleet (landing value, profit, employ-
ment). However, such indicators neither relate directly to the benefit for the whole
society nor are they necessarily sustainable. Therefore, relevant indicators for the
economic return in fishing must be based on a sustainable socio-economic measure.
Sustainable socio-economic return does, however, only state the present return to
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society of the existence of a fishery, not the economic potential of the fishery. To this
aim, the Maximum Economic Yield must be determined and the socio-economic re-
turn associated with a move to the MSY and simultaneous minimization of fishing
fleet determined. To allow fisheries to conform to dynamic MSY levels, adaptive
management must be planned within agreed governance structures and the rules for
governance must be robust and simple to interpret. In terms of economic indicators it
is furthermore important to take a stochastic approach, because variance and uncer-
tainty are critical issues in relation to the economic performance of natural resource
systems.

Fisheries systems, mixed fisheries and multispecies issues

Single species, single fisheries, models or assessments can often miss key factors of
the fisheries or ecological system. In addition the adaptive behaviour of fishers in
response to management changes (especially in a mixed fisheries context) may lead to
well-intentioned measures having unexpected outcomes. All of these issues should
be considered to represent potential risks in fisheries management. The risk assess-
ment process can identify where mixed fisheries, fisheries governance or multispecies
issues may be important factors, and help identify appropriate models or other tools
for dealing with these issues. There are current ICES working groups considering
multispecies (WGSAM), mixed fisheries (WGMIXFISH), ecosystem effects (WGFE)
and general fisheries systems (WGES) issues. These working groups provide a rich
base of expertise within ICES that could be utilized if a risk-analysis approach to eco-
system-based management were to be adopted.

If a risk assessment is conducted with a very broad framework encompassing a fish-
eries system as a whole, including socio-economic issues, we are faced with chal-
lenges such as the development of good performance criteria for a fisheries system.
Please note that a risk assessment will in itself be a part of a fisheries system and used
for the “production” of knowledge. The obstacles to achieve consensus on objectives
(Degnbol and McCay, 2006) are likely to influence the risk assessment process, and in
particular the more “value” laden aspects such as the consequences of certain events.
It can be useful to treat the inability to describe and even understand linkages in a
fisheries system as a risk in itself, but the consequences of this “certain” event will
never be predictable because we are actually dealing with the “unknown unknowns”
(Myers, 1995, Rumsfeld, 2002).

Fisheries risk assessments relative to oil industry risk assessments

One area where risk assessments are currently used in a marine context is in oil ex-
ploration and exploitation. Both within ICES areas and outside, oil industry conducts
extensive risk assessments to support decisions on approving or rejecting develop-
ments or to modify projects to reduce environmental impacts. From a fisheries point
of view, it would be advantageous to draw on the expertise and competence devel-
oped in these oil related contexts. More generally if an aim of management is to move
towards ecosystem approaches to fisheries management, then it is important that
different impacts on the ecosystem (such as oil or fisheries) can be assessed in a com-
parable way. There are a number of projects, in the Barents Sea, the Baltic and others,
which aim to integrate oil spill risk assessment with fisheries modelling to produce
an overall assessment of the impacts on the fisheries system. One such project in
Norway is described in Annex 2.
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7.1

VYulnerability in risk assessment

The concept of vulnerability encompasses a range of properties associated with the
receptor of a specified risk that makes either or both likelihood and/or magnitude
greater (Brooks, 2003). The concept is widely discussed in risk literature, such as that
on climate change. It is sometimes divided into three broad sub-concepts:

e Biophysical vulnerability — the propensity for an agent to cause harm to a
receptor (a property of the intrinsic relationship between the risk source and
risk receptor)

e Management vulnerability - management actions that directly favour like-
lihood or consequences (often associated with the risk pathway between
sources and receptors)

e Social vulnerability — human factors that reduce the ability of a risk receptor
to cope with interactions with risk sources (so, in addition to the biophysical
and management vulnerability, this could also lead to an increased likeli-
hood and/or magnitude of loss)

Going beyond the scope of present risk assessment this could lead to an objective
assessment of the shared responsibility for the risk and the potential for co-
responsibility in the management of the risk. This may become increasingly impor-
tant as governments move to incorporate greater cost and responsibility sharing. Bio-
ecological vulnerability deals simply with natural factors that contributes to risk
(likelihood and/or magnitude); management vulnerability deals with management
that contributes to risk, but without attaching any responsibility to it (it is descriptive
of the results of management rather than the reasons for management); and social
vulnerability tries to determine if there is some social responsibility (which might in
the extreme be considered “blame”) for putting the system at risk. Stakeholder in-
volvement in the process would be needed to help establish causes and results of
social vulnerability.

Bio-ecological and management vulnerability are already implicitly included in many
risk assessment schemes. However, social vulnerability may also be a key issue, both
in assessing the level of risk and establishing a basis for co-responsibility in risk man-
agement. Explicit vulnerability analysis would help to determine what natural, man-
agement or social factors contribute to susceptibility to risk (likelihood or impact) and
how these should be taken into account in policies for assigning responsibility in risk
management.

Experience of ecological risk assessment in Australia

Background

Ecological risk assessment (ERA) has been used extensively in Australia as part of the
strategic environmental assessment of export fisheries as required by the federal En-
vironment Protection and Biodiversity Conservation Act 19991, Three methods have been
developed and applied: The National ESD Reporting Framework (NESDRF); the
NSW Quantitative ERA (NSWQERA) method and Ecological Risk Assessment for
Effects of Fishing (ERAEF). All three approaches have been used to prioritize re-
search projects and management responses for Australian fisheries. In a recent review

11 . . .
www.environment.gov.au/epbc/assessments/fisheries.html
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of risk-based approaches for Australian fisheries, Scandol et al. (2009) provided a
detailed summary of these three methods. This review project also developed a series
of national guidelines about the application of risk-based approaches for data-poor
fisheries and benchmarked all Australian jurisdictions with respect to these guide-
lines. Readers should also consult Astles (2008), which is review of recent develop-
ments of ERA in marine fisheries and also includes a list of elements needed for any
method used to estimate ecological risk in such systems.

The National Ecologically Sustainable Development Reporting Framework
(NESDREF)

This framework has been extensively documented by Fletcher et al. (2002, 2003, 2005)
and Fletcher (2005, 2006, 2008). The ERAEEF is suitable for performance reporting on
the wide spectrum of issues associated with ecologically sustainable development!2
(which is a superset of the concepts associated with ecosystem-based fisheries man-
agement or the ecosystem approach to fisheries). A key component of the NESDREF is
a qualitative risk assessment of the potential impacts on fisheries upon retained spe-
cies, non-retained species and the general ecosystem. The risk assessment processes
was developed using the Australian and New Zealand standards for risk manage-
ment (AS/NZS 4360:2004, Risk Management.) and involved expert and literature-
based determination of the consequence and likelihood of adverse outcomes associ-
ated with fishing activities. Risk was determined using a standard risk matrix. Out-
comes which were greater than “low risk” were then subject to more rigorous
performance management with indicators, reference points and performance meas-
ures. The West Australian Department of Fisheries has provided numerous examples
of such reports and assessments?3.

NSW Quantitative ERA (NSWQERA) Method

The NSWQERA method has been described in detail by Astles (2006, 2009). This ap-
proach was developed in response to legislative requirements in NSW and places
emphasis on the estimation of likelihood rather than consequence. Consequences
were taken to be specified by the provisions within several pieces of State legislation
as well as the Commonwealth EPBC Act. Likelihood (or risk) was then estimated by
the combination of resilience (based on biological characteristics of the species or
habitat) and the fishery impact profile (based upon the characteristics of the fishery).
Risk management planning included an evaluation of which aspects of the fishery
impact profile could be altered to reduce risks to an acceptable level. These ecological
risk assessments were embedded within a detailed strategic environmental assess-
ment of NSW commercial fisheries which also included consideration of social and
economic impacts. Examples of these environmental assessments are available from
the New South Wales Government website4.

Ecological Risk Assessment for Effects of Fishing (ERAEF)

This tiered approach involved three levels of assessment ranging from efficient quali-
tative methods, to semi-quantitative methods, to detailed fully quantitative models

2 The national portal for this approach is at www.fisheries-esd.com

13 www.fish.wa.gov.au/docs/mp/index.php?0206

14 . . . .
www.dpi.nsw.gov.au/fisheries/commercial/ea
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(Hobday et al., 1997). The framework was developed by CSIRO in response to ESD
reporting requirements and the Commonwealth implementation of ecosystem based
fisheries management by the Australian Fisheries Management Authority. Level 1 of
this ERA process was a Scale Intensity Consequence Analysis (SICA) which aimed to
identify hazards (fishing activities or external activities) which would lead to a sig-
nificant impact on species, habitats or communities. Level 2 ERA required the appli-
cation of semi-quantitative productivity-susceptibility assessment methods (see
Stobutzki 2001a; 2001b). Level 3 ERA was a broader concept which included the ap-
plication of full quantitative models such as traditional quantitative stock assessment,
management strategy evaluation and ecosystem modelling. A new fully quantitative
approach has recently been developed by Zhou et al. (2007, 2008, 2009) which is now
used in many Level 3 assessments. Examples of the application of ERAEF are avail-
able from the Australian Fisheries Management Authority website!>-

Final Comments on ERA in Australian Fisheries

The environmental assessments with the associated ecological risk analyses com-
pleted in Australia have had extensive and wide ranging impacts on the management
of fisheries. These assessments were initiated by a complex array of policy and legis-
lative developments over a number of years and across multiple jurisdictions (see
Scandol et al., 2005; Fletcher 2008). Many of these developments were associated with
Australia’s ratification of international agreements such as the Convention on Bio-
logical Diversity?6.

These assessments have required a significant investment of time and resources by
scientific, managerial and policy staff in a diverse range of government and non-
government institutions. All assessments included extensive consultation with stake-
holders during their development and review. Furthermore, as these environmental
assessments were extensions to existing environmental impact legislation, key fea-
tures of such legislation (such as defined opportunities for public comment) were
mandatory.

The majority of stakeholders and personnel involved with these assessments would
agree that the risk analyses have been a critical component of these assessments and
the whole exercise has been extremely worthwhile. Most people would also, how-
ever, agree that the environmental assessments and ecological risk analyses were
more difficult and took more time than originally envisioned.
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Annex 2: Overview of related projects

Indicators, management and risk assessment: Statistical Process Control
(SPC) and Risk Assessment

Statistical Process Control (SPC) is a well-developed method for the control of proc-
esses where there is inherent variability (Hawkins and Olwell, 1998), such as in
manufacturing. In an SPC approach, a process indicator is monitored (either continu-
ously or at discrete time points) and if the indicator displays an ‘out-of-control’ signal
(in some objective sense), then a management decision is made to bring the process
back into control (Figure 1). Two of the most well-known methods of SPC are the
Shewhart control chart and the cumulative sum (or CUSUM) control chart. In the
Shewhart chart, the raw value of the indicator is plotted, and if the value is outside
the control range (normally taken to be the controlling/target mean plus/minus three
standard deviations) then a signal is triggered. For a CUSUM chart, the deviation of
the current observation from the controlling mean is added to the value of the
CUSUM from the previous observation, and an out-of-control signal is triggered if
the CUSUM reaches outside the control range. A common variation of the CUSUM is
to use an allowance parameter in which inherent random deviations of the indicator
below a specified level are considered to be less important than detecting a shift in
the mean of the process.

Uncontrollable inputs Controllable inputs

Product
r'OCESS

Next time Indicator at time Next time
point point point
No Dut of Yes

W Correct cause

Figure 1. Flow chart showing the statistical process control method for management.

CUSUM performs better than the Shewhart chart when a persistent but gradual
change in the underlying process occurs: on average it will show a signal earlier than
the corresponding Shewart chart due to its cumulative nature (Hawkins and Olwell,
op. cit.), and hence is more suited to ecological problems where factors such as
overharvesting or gradual environmental change can occur. Ideally, the decision
thresholds and allowance parameter should be set to maximize the specificity and the
sensitivity of the method, by maximizing the in-control average run length (IC-ARL:
average length of time before a signal is falsely triggered if the process remains in
control), and minimizing the out-of-control average run length (OC-ARL: average
length of time before a signal is correctly triggered if the process shifts out of control)

Using indicators to monitor fisheries is not a new concept, for example, the FISBOAT
project has used spatial survey-based abundance indicators to detect changes in the
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fishery (see documents from the FISBOAT project, also see Milcendeau, 2009). How-
ever, the application of control charts (more specifically CUSUM) to fisheries data are
relatively new (see Scandol, 2003, 2005) and documents from FISBOAT project, where
it is used as part of a portfolio of monitoring methods). More recently, work is in
progress on the use of CUSUM on catch-based indicators (such as the catch number
age proportions and catch weight age proportions) with simple harvest control rules
to determine whether management using CUSUM as a decision-triggering tool can
work towards the stabilization of yields.

The approach followed by the FISBOAT project is to split the analysis of the indicator
series into two phases, I and II. In Phase I, the fishery is considered ‘in-control” and
values of the controlling mean and standard deviation for each indicator can be cal-
culated: in phase II, the values of the allowance parameter and threshold values are
tuned to maximize the IC-ARL and minimize the OC-ARL. This procedure is there-
fore more useful in relatively data-rich fisheries, where these periods are more easily
determined. For data-limited situations, where there is incomplete knowledge of
stock dynamics, CUSUM can be used to objectively detect relative changes in empiri-
cal indicators such as the average length of caught fish or proportion of older fish:
however, determining the relevant control parameters for the application of the
CUSUM method is more difficult in this case, and may need to rely more on expert
knowledge.

CUSUM can be used, as in the FISBOAT project, as a means of reviewing historical
stock status, and as part of a review process to determine whether the present refer-
ence points (such as Bim and Bpa) remain applicable for stocks where the limits are
defined.

References:

FISBOAT: Fishery independent survey-based operational assessment tools: documents avail-
able online at http://www.ifremer.fr/drvecohal/fisboat/.

Hawkins, D. M., and Olwell, D. H. 1998. Cumulative sum charts and charting for quality improve-
ment. Springer-Verlag. New York.

Milcendeau, D. (ed.), 2009. “Fish Stock Assessments Using Surveys and Indicators”: special
issue of Aquatic Living Resources, 22(2): 119-254.

Scandol, J. P. 2003. “Use of cumulative sum (CUSUM) control charts of landed catch in the
management of fisheries.” Fisheries Research 64(1): 19-36.

Scandol, J. P. 2005. “Use of Quality Control Methods to Monitor the Status of Fish Stocks.” 213-
234pp in Kruse, G. H., Gallucci, V. F., Hay, D. E., Perry, R. I, Peterman, R. M., Shirley, T.
C., Spencer, P. D. and Wilson, B., and Woodby, D. (eds.): Fisheries Assessment in Data-
Limited Situations. Alaska Sea Grant AK-SG-05-02. ISBN 1-56612-093-4.


http://www.ifremer.fr/drvecohal/fisboat/

ICES SGRAMA REPORT 2009 | 23

Norwegian Decision Support Tool description

An existing culture of risk assessments is embedded in the petroleum industry in a
number of countries, including Norway. These risk assessments as used in deciding if
a project should go ahead, as well as in risk mitigation exercises to minimize the en-
vironmental impact of the development. As oil development expands into new, and
potentially more environmentally sensitive, regions it is important to produce risk
assessments based on the best available knowledge.

A project to develop a Decision Support Tool for use in the oil industry is being de-
veloped by a consortium led by the ARCTOS network of marine ecologists, the Insti-
tute of Marine Research in Bergen (IMR), and the Centre for Ecological and
Evolutionary Synthesis (CEES), University of Oslo. The project aims to integrate
oceanographic, plankton, larval and fisheries models into the existing risk assessment
tools developed by Statoil. This will improve the level of biological realism in the risk
assessment process, and reduce the uncertainties involved. The project will link exist-
ing models in order to track the impacts of an oil spill from the estimate of size, loca-
tion and duration of a spill, through effects on plankton and larvae, and on the
impact on the fish populations and fisheries of the Barents Sea. Although a great deal
of complexity exists in each model, the links between them are being kept simple in
order to retain a modular structure to the tool. This will make development and in-
terpretation of the DST easier, and allow for each component to be upgraded as the
individual models are improved.

Fishing Fish Population
scenario model
Larval | mortality
Nutrients-Plankton-Larvae model
A
oil spiII Larval and plankton effects
scenario Ecotoxicology » Outputs
Size ' 4
*Timing Oil Spill model
sLocation
Uteant current | fields
“Ete.. Oceanography model

Figure 2. Proposed Decision Support Tool for use in Norwegian oil exploration.

The outputs of the modelling tool will be used by expert groups in preparing their
risk assessments. It was considered important that the qualitative uncertainty esti-
mates produced by the modelling be put into context of the wider, often qualitative,
uncertainties in the system. Using model results based on a subset of causes of uncer-
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tainty is likely to produce an underestimate of the overall uncertainty, which could
be misleading if not carefully presented. The tool presented here will enable the pro-
duction of more accurate risk assessments for the oil industry than is currently possi-
ble. In addition the generic framework, and the use of existing ecosystem and
fisheries model components, should make it easier to produce comparable risk as-
sessments of different human activities (oil, fishing, etc) affecting the marine ecosys-
tem. This would represent an important step towards an integrated approach to
managing the marine ecosystem.

PRONE overview

The PRONE project (Precautionary risk methodology in fisheries) was an EU-funded
research project whose main aim was to improve the Assessment, Management and
Communication of risk in fisheries management and to provide an integrated ap-
proach including biological, economic and social objectives. PRONE did this both by
both developing new methodology and by applying reviewing approaches taken
elsewhere and showing how they could be adapted for use in a European fisheries
context. The work of PRONE related to risk identification, assessment, management
and communication. The SG recognized the importance of the work of PRONE and
the many important steps it has taken towards developing and implementing a risk
framework for fisheries.

Reviews of the risk methodology in other fields made it obvious, that fisheries should
adapt methodological approaches from other scientific fields. Especially in regard of
an EAFM, and particularly, as there is a longer history in utilizing models for the
stakeholder communication. For example the implementation of EU Marine strategy
and Water Framework Directive asks for methods applicable to stakeholder commu-
nication, and fisheries could be linked to these activities (see Section 6.4, JAKFISH).

Risk Identification

PRONE also compiled a risk register and showed that this could be a helpful ap-
proach in cases where there is a need to evaluate which risks are of concern to vari-
ous stakeholders, and whether the current data collection programs and assessment
models can describe the main risks. Especially, in many cases it may be possible to
link, with reasonable work load, the current assessment models to some risks having
a high status among stakeholders. This would improve the relevancy of the scientific
models. There were surprisingly large differences between the stakeholders and even
between the fisher’s groups, in the same countries, which partly explains why some
management issues have been difficult to solve when there are several user groups.

Using a social science approach, which assumed that risk is a subjective concept be-
ing a composite of a variety of subjective influences, values and expectations of fu-
ture events, showed that the actual fisheries management systems has an influence
on risk perceptions among fishermen. The study of four contrasting fishery case stud-
ies with differing fisheries management systems (UK North Sea, Iceland and Faroese
cod fisheries and the Greek hake and prawn fishery) showed that there was a diver-
gence in risk perceptions between inshore and offshore fishermen and across the
fisheries. The main findings are that fisheries management systems which utilize
individually allocated tradable catch quotas and binding global Total Allowable
Catches (TAC) appear to create enhanced risk perceptions in respect of policy, man-
agement and control issues. However, systems which utilize individually allocated
tradable effort quotas with no binding TACs appear to focus risk perceptions more
towards the health of fish resources and the marine environment and away from
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risks related to economic issues. Fishermen operating under a system which encom-
passes neither TACs nor any form of individually allocated catch or effort quota ap-
pear to be subject to perceptions which cover a wider range of risk issues.

The need to have a simple and transparent way to classify stocks and their limits to
controllable exploitation, and hence improve our ability within management activi-
ties by providing a general risk identification protocol so that bodies like as STECF
and ICES could use such a classification in their documentation (D14). Within theo-
retical ecology, population dynamics have been classified into colours: red (vulner-
able, high risk species) and blue (stable, low risk species) and this approach will be
applied to fisheries in order to classify the manageability (i.e. controllability) of those
fisheries. The first steps to develop a classification system were taken in D14. System
would help to focus the discussion on risk factors dependent on management (poor
control), on assessment (poor information) and on specific biological features of the
stock. However, more work is needed, especially to include the hierarchical S/R mod-
els to the estimation.

Risk Assessment

SGRAMA made many recommendations related to reference points which PRONE
addressed by developing hierarchical stock recruit models, which allow estimates
from several stocks to be made at the same time, thereby providing more accurate
stock — recruitment parameter estimates compared with the current ICES approach
where estimates biological reference points are made on a stock specific basis, using
relatively noisy stock — recruitment data. The hierarchical approach will help provide
consistent biological reference points for related stocks, of particular importance
where large difference in reference points for related stocks can reduce credibility
with stakeholders. Such an approach will also assume greater importance in the near
future, to help support an Ecosystem Approach to Fisheries Management because for
most bycatch species the datasets are much smaller than for target species, and there
is an urgent need to apply all possible information, including the published papers,
expert views and datasets of close by populations.

PRONE also showed how the Bayesian approach can be used in stock assessment to
utilize prior knowledge of model parameters and model structures. The conceptually
correct and biologically realistic estimation of uncertainties is crucial when risk ad-
verse decision rules are applied, i.e. for example if the precautionary approach is
applied; then TAC is dependent also on the uncertainty about the biomass. Bayesian
approach offers the most comprehensive way to model essential uncertainties. Bayes-
ian assessments are also important in correctly modelling the variance - covariance
structures of the parameters correctly and to transferring the historical uncertainty
correctly to the future.

A value-of-information analysis can be applied when planning data collection pro-
grams and ranking research priorities. For example information which can poten-
tially reduce uncertainty can result in a revision of the management decisions for a
given level of risk, leading to higher catches or mitigation of by-caught species could
be prioritized.

Risk Identification, Assessment, Management and Communication

When a shared resource is harvested, policies and tools helping countries to collabo-
rate via international agreements should be sought for and developed. The argument
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is that all fishing countries will be better off by cooperating, i.e. by complying with an
agreement, than by non-cooperating. Harvest control rules can be used as such a tool,
provided that HCR is bioeconomically rational. Reference points such as spawning-
stock biomass and fishing mortality rate ceiling are commonly applied in the context
of precautionary approach. These references can also be used as strategic bio-
economic reference points which optimize a harvest control rule. Applying precau-
tionary approach by the grand coalition through a harvest control rule can add net
present value of the fishery compared to the case without the HCR. However, the
coalition structure and fishing costs have a strong impact on the optimal fishing
strategies of the countries. An optimal HCR has potential of stabilizing multilateral
fishing agreements if fishing costs are, on the relative scale applied in the case study,
high.

Gaps in the knowledge of economic performance of fishing fleets have strategic im-
plications and therefore potential information gaps should be screened for. These
strategic implications can be positive or negative depending on whether a country
possesses or does not possess economic information, and whether this information is
asymmetric or asymmetric and uncertain. Asymmetric information creates problems
in a non-cooperative fishery because a country can, by giving false information about
fishing costs, manipulate the reaction of the other country not possessing equivalent
information about the costs of its adversary. A medium term value of having cost
information can be tens of millions Euros in a single fishery.

Another type of a problem develops when a country has biased or uncertain knowl-
edge of own fishing costs. In these situations, management schemes are likely to be
suboptimal. Moreover, the probability of excessive fishing pressure is higher of the
order of magnitude in the presence of asymmetric and uncertain fishing cost informa-
tion, compared to case when cost information is asymmetric but not uncertain.

The potential benefits of alternative management systems were also explored for
example insurance 9 is potentially a promising tool for the management of large-scale
fisheries. It seems obvious, that the current self insurance system of the fishermen is
to fish more, even if the uncertainty about the future development of the stocks are
brought up. Regardless of whether an insurance system would have positive impact
on the behaviour of the fleets. The paper also explored how the fund exposure may
be reduced by the application of reinsurance from commercial insurers for the upper
tail of high cost - low probability events, such as total fishery collapse.

Risk Communication

“Trust” in fisheries science, a key corollary of risk communication, was evaluated in
surveys undertaken in Iceland, Greece, Spain, UK and Faroe Islands. Findings reveal
differing levels of trust and mistrust in the fisheries science community between
countries and between stakeholder groups, demonstrating areas for future attention
in the interests of improving fisheries science and management. Sustainable fisheries
management is contingent on the cooperation and participation of all stakeholder
groups — both in terms of communicating information and knowledge into the sci-
ence process and responding to and acting on the communications arising from that
process. This work showed that unfortunately, the ‘trust’ necessary for this coopera-
tion and participation is currently somewhat lacking in current fisheries science.

PRONE: Precautionary risk methodology in fisheries Sixth Framework Programme
Priority [Policies 1-3, Policy orientated research (SSP) Contract No. 022589]
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Plant health risk appendix

- Definition over 5 years: Likelihood/yr
Score Description o ; :
Chance of occurrence equivalent
0 Very unlikely <10% 0.010
1 Unlikely 10-33% 0.050
o | , Possible; 33-67% 0.130
as likely as not
3 Likely 67-90% 0.270
4 Very likely >90% 0.450

Figure 1. Great Britain Non-native Species Secretariat scoring scales for likelihood of invasive

species risks. Scores are based on values in the scale used by the IPPC (2005).

N Monetar . . . _
Score |Description Y| Health impact |Environmental impact| Social impact
loss, costs
Local, mild, short-term, | Local,short-term population
1 Minimal | Upto£10k/yr | reversibleeffectsto | loss, nosignificantecosystem | Nosocial disruption
individuals effect
re\'/\glrlgililr:eoer?ft:é?; to Some ecosystem impact, Significantconcern
2 Minor £10K-£100k yr identifiable groups, reversible changes, localised expreslse evilat local
localised
N;'Qg;;ﬁ?:eggfrﬁgzgs Measurable long-term damage | Temporary changesto
3 Moderate | £100k£1m fyr covered g reversible to populations and ecosystem, | normal activities at
yreve butlittle spread, no extinction local level
effects, localised

Significantirreversible Long-term ireversible Some permanent

. effects locally or . change of activity
4 Ma] or £1m-£10m fyr reversible effects over ecosysbtzrr;z;liggj,;r[::admg locally, concern over

large area Y widerarea
' Widespread, long-term Long-term social
Widespread, severe, . L L

5 Massive £10m + iyr long-term, irreversible popu!atlon loss orext|.nct|o'n, change, significant
health effects affecting several specieswith | loss of employment,

serious ecosystem effects migration from area

Figure 2. Great Britain Non-native Species Secretariat scoring scales for magnitude of invasive

species risks.
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Very High confidence: At least 9 out of 10 chance of being correct
High confidence: About 8 out of 10 chance
Medium confidence: About 5 out of 10 chance
Low confidence: About 2 out of 10 chance

Figure 3. Great Britain Non-native Species Secretariat scoring scales for confidence of invasive
species risk scores. Scores are based on values in the scale used by the IPPC (2005).
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—a—Siberian chipmunk
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—d—Three-cornered leek

—=—Bumble bee
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—B—Chinese mitten crab
—4—Giant knotwaed

Minimal Massive
Semi-quantitative log scale

Figure 4. Comparative risk profiles for 12 species assessed by the NNSS in Great Britain.
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Fisheries insurance

Revenue (as a proportion of revenue at MSY)

v
N 14 withinsurance (net) 80% CL Revenue policy
o
<
c n
S« 7
£
o
Q
o o
[ a
n
o
o _| — withoutinsurance
o
T T T T
-10 0 10 20
Year
Revenue (as a proportion of revenue at MSY)
v
o 4 withinsurance (net) 100% CL Revenue policy
o
<
c n
S < 7
£
o
Q
o < |
r -
n
2
o _| — withoutinsurance
° T T T T
-10 0 10 20
Year

Figure 1. An example of how insurance works in one run of a stochastic model (insurance, no
effort increase on falling revenue) at two revenue coverage levels (CL), 80% and 100% CL, where
insurance mitigates losses during unexpectedly bad year(s) (see year 9). The relatively high net
revenue with 80% cover reflects the low premium for such reduced cover. (From Mumford et al.,
2009)
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Median revenue as proportion of revenue at MSY
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Figure 2. Median revenues for five modelled scenarios: 1) No insurance, no effort increase on
falling revenue; 2) No insurance, effort increase on falling revenue; 3) Insurance, no effort in-
crease on falling revenue; 4) Insurance, effort increase on falling revenue; 5) Insurance, 1% annual
increase in fishing mortality. There is 100% coverage for Scenarios 3, 4, and 5, maximum effort
increase = 1.7 for Scenarios 2 and 4. The process errors are lognormally distributed so the median
MSY values are slightly higher than the MSY calculated under-deterministic conditions. (From
Mumford et al., 2009).
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Stock collapse risk, compare five scenarios
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Figure 3. Probability of stock collapse risk, that spawning-stock biomass (SSB) falls below Bya
(precautionary level to reliably maintain stock) in a particular year under the five scenarios: 1) No
insurance, no effort increase on falling revenue; 2) No insurance, effort increase on falling reve-
nue; 3) Insurance, no effort increase on falling revenue; 4) Insurance, effort increase on falling
revenue; 5) Insurance, 1% annual increase in fishing mortality. There is 100% coverage level in
Scenarios 3, 4, and 5; maximum effort increase =1.7 for Scenarios 2 and 4. (From Mumford et al.,

2009)
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Annex 3: Recommendations for the future

The Study Group on Risk Assessment and Management Advice has one recommen-
dation with some considerations listed:

RECOMMENDATION FOR FOLLOW UP BY:

SGRAMA recommends that further progress within the field of risk ACOM
assessment as a basis for management advice should be done as a

planned case study with a detailed evaluation leading up to a decision

whether operational risk assessments should form a basis for advice to

fishery managers. The following considerations are listed in support of

the ICES internal decision process:

a) Arisk assessment is aimed at comparing and ranking possible
harmful events and can therefore be used as a tool for prioritis-
ing the implementation of an ecosystem approach in the advi-
sory process. The likelihood/probability of harmful events as a

ACOM/SCICOM

result of fishing with their corresponding consequences is not
trivial to determine, and comparing quantified risks with quali-
tative expert judgments is a significant challenge. A qualitative
or quantitative risk assessment can form a basis for prioritizing
research issues.

b) Experience gained outside ICES points to stakeholder and man-
ager participation as being essential in a risk assessment proc-
ess. The “how to” part of such participation should be based on
recommendations from Working Group on Fishery Systems
(WGES).

WGEFS

¢) Risk communication (a two way process involving stake-
holders) and the formulation of advice are essential in making
risk assessments an operational advisory tool.

ACOM

d) Risk assessments are a structured approach to identify and pri-
oritise issues. Risk assessment will include inter-disciplinary
collaboration on a case specific basis and cannot form a part of
long established stock assessment working groups. Experience
gained elsewhere points to a workload somewhat larger than
was anticipated, but such assessments offered longer term effi-

All

ciencies if they resulted in effective prioritisation of alternative
actions.

e) Arisk assessment case study is a “learning by doing” exercise. ACOM

The case study should be chosen according to the following cri-

teria:

e A definable scope to the assessment based on policy objec-
tives

e  Alimited geographical area (ecosystem) with relatively
good information on fishing activity being available.

e  Available managers and stakeholders well motivated for
participation.

e Available inter-disciplinary scientific expertise including
some knowledge of the current fish stock assessments and
advice.

f)  The planning of, and conducting of a proper evaluation of the
. . o WGFS
case study is needed. In particular, criteria for the success (or

failure) of the risk assessment need to be defined upfront.
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