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There is some uncertainty in the fisheries science - policy interface. Although progress has been made towards more transparency and
participation in fisheries science in ICES Areas, routine use of state-of-the-art quantitative and qualitative tools to address uncertainty
systematically is still lacking. Fisheries science that gives advice to policy-making is plagued by uncertainties; the stakes of the policies
are high and value-laden and need therefore to be treated as an example of “post-normal science” (PNS). To achieve robust govern-
ance, understanding of the characteristics and implications of the scientific uncertainties for management strategies need to come to
the centre of the table. This can be achieved using state-of-the-art tools such as pedigree matrices and uncertainty matrices, as devel-
oped by PNS scholars and used in similar science — policy arenas on other complex issues. An explicit extension of the peer community
within maritime systems will be required to put these new tools in place. These new competences become even more important as
many countries within the ICES Area are now embarking on new policies.
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Introduction key to governance in the science—policy interface of complex
The Working Group on Fisheries Systems (WGES) was established ~ issues. Others have argued, for good reason, that overemphasizing
by the International Council for the Exploration of the Sea (ICES) uncertainty in fisheries advice can lead to policy paralysis
10 years ago, inter alia “to develop a framework and methodology (Rosenberg, 2007). However, broader experience in science and
for the analysis of fishery system performance” and “propose...  policy indicates that underemphasizing uncertainty is even more
interdisciplinary research which will advance ICES future capabil- ~ dangerous, because it can do lasting damage to the credibility of
ity in fishery systems analysis” (ICES, 2000). the science (Keepin and Wynne, 1984; Kloprogge and van der

The WGES created a forum to bring social scientists into ICES ~ Sluijs, 2006; van der Sluijs, 2007; van der Sluijs et al., 2008). An
to help describe the socio-ecological system around fisheries and effective approach for dealing with science in situations of high

to use this perspective to intensify ICES’ effectiveness in marine
science advice for policy. The main conclusions from 10 years of
interdisciplinary WGFS work/expertise are that many interests
should be represented when science and policy meet and that an
understanding of the characteristics and the implications of scien-
tific uncertainty (including data quality) need to be placed at the
centre of the discussion (ICES, 2008b). The latter is seen as the

stakes and high systems uncertainty is through “post-normal
science” (PNS), as developed by Funtowicz and Ravetz (1993).
Succinctly, the concept of PNS—as opposed to “normal
science”—suggests that in situations of high uncertainty and
high stakes, imperfect (and sometimes subjective) knowledge
needs to be used in providing advice to policy-makers. An import-
ant pillar of PNS is the inclusion of an extended peer community
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(EPC), including stakeholders with different types of expertise.
These EPCs need to acknowledge, analyse, and communicate
uncertainty and quality in science for policy in the extended
peer-review process (Funtowicz and Ravetz, 1990, 1993; van der
Sluijs, 2002; Kloprogge and van der Sluijs, 2006; Petersen, 2008).
Hence, the EPCs need to become the foundation for credible,
legitimate, and salient science for policy advice. Cash et al
(2003) found these three variables to have the most influence on
the extent to which a scientific result will be incorporated in
policy. The PNS approach characterizes a method of enquiry for
situations in which decisions need to be made before conclusive
scientific evidence is available (Funtowicz and Ravetz, 1990,
1993). Often, in fact, a single scientific answer will never be avail-
able for complex systems such as fisheries. In such cases, more
research does not lead to less uncertainty, but can lead instead
to unforeseen complexities (van der Sluijs et al, 2005, 2010;
Trenberth, 2010). Concurrently, the potential impacts of decisions
based on uncertain science have very large consequences (biologic-
al and/or social), so values are in dispute.

We highlight two examples from outside fisheries science to
illustrate the importance of advancing uncertainty early and in a
transparent manner. The first is the recent “Climategate” contro-
versy from late 2009 (van der Sluijs et al., 2010), which originated
at the Climatic Research Unit at the University of East Anglia
(UK), after a hacker published e-mails and files from CRU scien-
tists on the Internet. The media coverage that followed instigated
an independent review panel of the CRU (Oxburgh et al., 2010).
The e-mail leak exposed the decision by some climate scientists
to exclude a specific (tree ring) dataset from the historical
climate reconstruction presented in the latest TPCC report.
Although there are good scientific reasons not to include the
data post-1960 (Briffa et al., 1998), and although these reasons
are widely accepted as valid in the scientific community working
on temperature reconstructions from the past, this was not
made clear in the final report of the IPCC, nor did the report
mention that these data were excluded from the climate recon-
structions presented. This prompted climate sceptics to question
the credibility and legitimacy of the report, which is based on sci-
entific consensus within the IPCC. Consecutive independent
reviews of both the science (Oxburg et al., 2010) and the process
(Russell, 2010) concluded that the scientific approach had been
justified, proper scientific process such as peer review had been
in place, but the problem had been elsewhere, because “there has
been a consistent pattern of failing to display the proper degree
of openness” (Russell, 2010). The case demonstrates how oversel-
ling certainty creates vulnerability in the credibility and legitimacy
of the scientific basis for policy. Such vulnerabilities can and will be
exploited easily, to obstruct and delay policy intervention (van der
Sluijs et al., 2010).

An example of a severe scientific credibility crisis of advice for
policy support is the controversy originated by a whistle-blower at
the Netherlands Environmental Assessment Agency in early 1999
(van der Sluijs, 2002). The media was the last way out for senior
statistician de Kwaadsteniet who decried his institution for using
poorly validated computer models as the scientific basis for
advice given to the Dutch government for far-reaching environ-
mental policy decisions. De Kwaadsteniet was also critical that
the agency’s advice was presented as point values, with spurious
precision and opaque uncertainties (van der Sluijs, 2002). A
6-month credibility-ravaging media storm fuelled vehement
debate in parliament on the credibility and validity of
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environmental numbers that form the basis of Dutch environmen-
tal policy. It ultimately resulted in rigorous reforms of the quality-
control procedures inside the Netherlands Environmental
Assessment Agency and in how scientific evidence is analysed,
reviewed, and communicated in their assessments, and a new
focus that copes with uncertainty (van der Sluijs et al., 2003;
Beck, 2007; Petersen et al., 2011).

These dangers from overselling certainty are relevant to ICES,
because ICES also communicates results from uncertain and
imperfect data. Most ICES assessment scientists have experienced
being asked to find certainty that is not really there: the achievable
state of knowledge does not allow one to deliver the degree of cer-
tainty that policy-makers seem to expect from science (Wilson,
2009; Kraak et al., 2010). Even when the uncertainties in science
are presented through caveats in the advice, policy-makers have
little choice but to take and use the uncertain numbers. Under
the current Common Fisheries Policy (CFP), policies do neglect
uncertainties surrounding problem-framing, model structures,
assumptions, system boundaries, indeterminacies, and the extent
to which a policy is value- (or theory-) laden (Hauge, 2010; van
der Sluijs et al., 2010).

Tools to address uncertainty

One tool to address unquantifiable uncertainties is the numeral
unit spread assessment pedigree (NUSAP) analytical and nota-
tional system (van der Sluijs et al., 2005). It extends the classic
notational system for quantitative scientific information (usually
provided as a number, a unit, and a standard deviation) with
two additional qualifiers: expert judgement of the reliability (the
assessment) and a multicriteria characterization reflecting the
origin and status of the information (the pedigree). The classical
notational system does not reveal the distinction between nearly
perfect information (such as the speed of light) and highly imper-
fect information (such as the size of a marine fish stock). The two
additional qualifiers, assessment and pedigree, attempt to remedy
this problem. The pedigree analysis is a qualitative structural
process to clarify the knowledge base on which scientists and sta-
keholders frame their perceptions of a problem, by appraising the
information underpinning the numbers and theories that form the
basis of scientific advice, often model-derived. In PNS, the trad-
itional search for robust scientific findings, ideally based on scien-
tific consensus, is replaced by a search for robust policy strategies,
which are useful regardless of which of the diverging scientific
interpretations of the knowledge is correct (van der Sluijs et al.,
2010). The qualitative approach of pedigree analysis helps to
assess different aspects of the knowledge base, such as its empirical
basis, the level of theoretical understanding, the rigour of the sci-
entific methods used, the extent to which the findings have been
validated, and the extent of scientific consensus among peers
and among the wider scientific and stakeholder communities
(van der Sluijs et al., 2005). An example of a pedigree matrix is pre-
sented in Table 1. Results from sensitivity analysis and pedigree
analysis can be combined in a so-called diagnostic diagram that
aims to reveal the weakest, i.e. the most uncertain, elements of a
scientific assessment or a model (van der Sluijs, 2005). It is
based on the notion that neither sensitivity alone nor pedigree
alone is a sufficient measure for whether uncertainty is critical
for the outcome of an assessment. For example, if the spread in
a model parameter has a negligible effect on model output (low
sensitivity), the robustness of model output to parameter uncer-
tainties could be good even if uncertainty around that parameter
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Table 1. Pedigree matrix of the knowledge status of key biological parameters for a fish stock.

Impact of climate

change

State of stock (input in long-term
management plan simulations)

Natural mortality

(m)

Well sampled and causes of fluctuations Reliable estimates of M

Stock-

Pedigree
score

Growth

recruitment

Well-understood consequences of

High-quality assessment with

Clear visual and

temperature fluctuations experienced
Known impact on growth or recruitment

uncertainty estimates
High-quality assessment, but limited

are well understood
Well sampled, but causes of fluctuations

functional relationship

Possible relationship

Reliable estimates of M, but not at

or distribution
Limited knowledge and not accounted for

focus on uncertainty estimates

Rather low-quality assessment

early life stages
Poor estimates of M

poorly understood
Poor sampling and environmental

No clear relationship,

in modelling
No knowledge of temperature effects on

effects on growth poorly understood

Unknown

recent average used

Unknown

Inadequate data and knowledge in

Unknown predation by cod and

stock

assessment

other top predators of the

ecosystem

Pedigree refers to the categorical quality of a dataset for the biological parameters, and 4 is the highest score. The rows include the descriptions of each of the pedigree scores from 1 to 4 for each of the biological

parameters. The western Baltic herring pedigree score for each parameter is in italics (from Ulrich et al, 2010).

is high. In that situation, ignorance of the true value of the param-
eter has no immediate consequence. Alternatively, model outputs
can be robust against parameter spread even if its relative contri-
bution to the total spread in the model is high (high sensitivity),
provided the pedigree score is also high. In the latter case, the
high uncertainty in the model outcome adequately reflects the
inherent and irreducible uncertainty in the complex system
represented by the model. Uncertainty is then a property of the
modelled system and does not stem from imperfect knowledge
of that system. The policy response chosen needs then to be
robust against these uncertainties. Mapping components of the
knowledge base in a diagnostic diagram therefore reveals the
weakest elements of an assessment, helps in the setting of priorities
for improvement, and assists in the choice of adequate policy strat-
egies to cope with uncertainty. A further development has been to
include societal dimensions of uncertainty in pedigree analysis
(Corral Quintana, 2000; Craye et al., 2005).

Another tool available to address uncertainty is the uncertainty
matrix (Walker et al., 2003), which allows analysts to typify and
characterize the various sources of uncertainty for a given case fol-
lowing an application of quantitative methodology. The benefit of
this tool is that it provides a specific overview where there are
policy-relevant uncertainties, and it assists the analyst to identify
types and sources of uncertainty that require additional analysis
as well as to select the appropriate tools. The uncertainty matrix
demonstrates transparency by clearly communicating to policy-
makers the uncertainties playing key roles in the assessment
process. The uncertainty matrix has become part of a standardized
methodology adopted in 2003 by the Netherlands Environmental
Assessment Agency, where aspects of the knowledge production
and use are systematically scrutinized by a knowledge quality
checklist (Petersen, 2008; van der Sluijs et al., 2008). The matrix
classifies uncertainty according to location (where it occurs),
level (statistical, scenario, or ignorant levels of uncertainty),
nature (whether uncertainty stems from knowledge or inherent
variability), qualification of the knowledge base (strong and
weak components of the process), and choices burdened by
values identifying the biases that shape the knowledge base
(Petersen, 2008; van der Sluijs et al., 2008).

These tools go hand in hand with other, over-reaching, hier-
archical types of risk assessment. An example of this is the eco-
logical risk assessment for the effects of fishing (ERAEF)
described by Hobday et al. (2011), which evaluate risk and the vul-
nerability of different ecosystem components. As we see it, uncer-
tainty matrices and the NUSAP analysis of data sources could be
used within the ERAEF framework (Hobday et al., 2011) along
with effective tools leading to a facilitation strategy between scien-
tists and stakeholders, as outlined by Hanssen et al. (2009).

Extending the peer community

The WGFS has documented a number of examples of a post-
normal approach to fisheries management (ICES, 2008b). An
important step in PNS is the identification and establishment of
EPCs. EFIMAS was the earliest project to address such communi-
ties (Wilson and Pascoe, 2006); the project carried out extensive
consultation with stakeholders about the use and abuse of man-
agement models (Degnbol et al., 2008) as well as participatory
modelling exercises for Baltic cod, North Sea flatfish, and
Mediterranean swordfish (EFIMAS, 2008). The work was con-
structed in the SAFMAMS (Hegland and Wilson, 2009; Wilson,
2009) and JAKFISH projects, where scientists built EPCs
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particularly through regional advisory councils (RACs), compris-
ing industry, non-governmental organizations, managers, admin-
istrators, and other scientists.

The first step in such a collaborative/participatory approach is
to define the research question jointly. This process can be initiated
by both scientists and industry. JAKFISH used pedigree and uncer-
tainty matrices to facilitate the communication of model complex-
ities, critical assumptions, and uncertainties. Feedback from
collective learning and the entire participatory process was collated
in focus groups and from questionnaires. In terms of usefulness and
applicability of science, a major benefit of the collaboration within
the EPCs was that industry priorities were explicitly included in
JAKFISH investigations. The participants in the EPCs recognized
the potential of the modelling approach for demonstrating and
raising awareness of the complexity of fisheries management; they
found the collaborative modelling approach useful in developing
a common framework for complex issues (Wilson and Pascoe,
2006; ICES, 2008b; Hegland and Wilson, 2009; Ulrich et al., 2010).

In PNS, it is important to communicate quantitative and quali-
tative risk assessment to policy-makers. Apart from WGES, the
Study Group on Risk Assessment and Management Advice
(ICES, 2009) and the Study Group on Management Strategies
(ICES, 2008a) are two ICES Study Groups that dealt specifically
with the challenges of high uncertainties and risks in fisheries
advice and management. Participatory modelling is now gaining
broader acceptance and is also delivering the knowledge and
experience gained in the ICES expert groups (Ulrich ef al., 2010;
Rockmann et al., 2011).

The problem of validation and verification
As with any other practice of science, PNS is faced with validation
and verification of its results. From a science-to-policy perspective,
PNS aims to answer the questions “are we addressing the right
issue” and “are we doing it the right way”. This is the process of
establishing evidence that the scientific results actually fit reality.
This challenge is not trivial, because policy issues that require a
PNS approach characterize the fact that truth (e.g. the true size
of a fish stock) cannot be known immediately when the policy
decision needs to be made and subsequently cannot be a substan-
tial aspect of the issue. In practice, however, validation is impos-
sible (Oreskes et al., 1994; Beck, 2002). In PNS, therefore, the
unachievable task of validation is replaced by a task of rigorous
quality control of the knowledge-production process. Discipline
is maintained by controlling model assumptions and other assess-
ment tools, and maintaining good practice in their development
and application (Kraak et al., 2010). Tools for knowledge quality
assessment provide a form of heuristic that encourages systematic
self-evaluation and reflexivity on pitfalls in the assessment process.
Of course, PNS provides a complementary approach to con-
ventional science approaches (i.e. statistical analyses) by making
the assessment of knowledge quality a key task in the science—
policy interface. Popper (2002) asserts that “probability estimates
are not falsifiable. Neither, of course, are they verifiable...”
Therefore, the challenge is to demonstrate that the subjective deci-
sions based on PNS advice are objectively better than those based
on other grounds.

The way forward

Interdisciplinary advice will be needed more in the future than in
the past. In fact, the ICES Science Plan states that the “success of
ICES science in the future depends on strengthening the links
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between environmental science, physical and biological oceanog-
raphy, fishery science, and socio-economic sciences, and in devel-
oping integrated programmes”. Today, the ICES community is
approaching a new integrated maritime policy (IMP) in the
European Union (EC, 2007), and especially the environmental
pillar of the IMP, the Marine Strategy Framework Directive (EC,
2008), which enshrines an ecosystem approach to marine manage-
ment across economic sectors.

The legitimacy, credibility, and salience of results determine the
impact of science on policy and can be increased when the peer
community is extended to include stakeholders in a PNS—policy
context. The WGES has been active in outlining these issues, but
the concern now is to put theory into practice. We therefore
propose a move towards understanding how human societies
relate to and manage their interactions with marine ecosystems.
This broader understanding should aid ICES in providing advice
that is credible, legitimate, and salient, including effective commu-
nication of uncertainty within an EPC (Kraak et al., 2010). Thisis a
key to useful advice under uncertainty in the marine system.

Does that mean that ICES should stop providing fisheries
advice (currently still by far the bulk of ICES advice)? We think
that this is unlikely to happen or even advisable—even integrated
policies will require advice on specific issues on sectors, including
fisheries, and fisheries will remain a sector where there is a need to
manage human interactions with the marine ecosystems. What
this means is that ICES advice needs to progress in two dimensions
simultaneously: (i) towards advice that increasingly incorporates
consideration of human interactions with marine ecosystems in
all economic sectors in an integrated way, and (ii) towards new
modes of advice development and advice delivery that are more
interactive and include an extended peer-review community.
These two dimensions are closely linked, because advice with a
wider societal scope also inevitably depends on dialogue on soci-
etal choices. Choices that cannot originate from within the
science community itself need to be developed through extended
dialogue and exploration of options, uncertainties, and risks
with the extended peer-review community.
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