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ABSTRACT 13 

In recent decades there has been steady progress towards a risk-based management approach for 14 

fisheries. An important first step in a risk analysis framework is scoping to identify, describe and 15 

catalogue the sources of uncertainty that might have an impact on a fishery. This paper introduces 16 

a methodology based on a novel range of tools to formalise the process of elicitation of 17 

uncertainties, from both experts and stakeholders, for the International Commission for the 18 

Conservation of Atlantic Tunas (ICCAT). The aim of the elicitation was to identify and prioritise 19 

uncertainties for inclusion in Operating Models for Management Strategy Evaluation (MSE). The 20 

tool presented in this paper supports the qualitative prioritisation of uncertainties, while also 21 

visualising the degree of consensus among stakeholders on particular issues. Perceptions of 22 

uncertainty in fisheries often vary widely among scientists, industry and other interest groups, so 23 

tools that can facilitate inclusion and representation of different opinions are useful where 24 

decision-making depends on broad agreement and more generally, where effective management 25 

depends on commitment from stakeholders.  26 
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INTRODUCTION 31 

Variability in the natural world and our ability to measure it are not the only sources of 32 

uncertainty to affect decisions in managing fisheries; the perceptions and values of scientists, 33 

managers, fishers and other stakeholders are also important. However attempts to take such 34 

evidence into consideration in day-to-day management processes have been slow (Garcia and 35 

Charles 2008).  Accounting for uncertainty through risk-based management has been a goal of 36 

fisheries management for some time (Hillborn et al. 2001), first formalised as ‘the precautionary 37 

approach’ by FAO (1996). In some regions, such as Australia, the precautionary approach 38 

evolved into a risk analysis framework, the initial stages of which involve a qualitative 39 

assessment of risks through stakeholder elicitations (Fletcher 2005). 40 

Risk analysis1 is a process in which risks are identified (scoped), assessed, managed and 41 

communicated (Australian and New Zealand Standard Risk Analysis Standards Australia, 2004, 42 

FAO 2004, ISO 31000:2009).  In a fisheries context, Fletcher et al. (2002) detail the entire 43 

(ecological) risk assessment process while in Fletcher (2005) he focuses on the first two stages 44 

consisting of scoping via structured stakeholder elicitations of uncertainties and qualitative 45 

assessment of impacts and their likelihood (risk assessment). 46 

Formal elicitation methods have been developed and applied to expert knowledge in fisheries 47 

(Fletcher 2005, Rochet and Rice 2005) and other fields (Burgman 2005, Black et al. 2010).  48 

These methods may include interviews, workshops, repeatable performance feedback and 49 

questionnaires, all designed to ensure that experts give consistent responses (Keeney and von 50 
                                                 
1 The terms risk assessment and risk analysis have been used interchangeably in various standards, so ISO 
31000:2009 includes risk analysis as a sub-component of the risk assessment process whereas FAO (2004) refers to 
risk assessment as being a sub-component within risk analysis. Where risk assessment is applied to the sub-
component, the standards are referring to the same process in which there is (semi-)quantification and synthesis of 
available knowledge upon which management actions can be based. In this paper we will use the term risk analysis 
as the overarching description of a procedure which includes concern (identification), assessment, management and 
communication. 
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Winterfeldt 1991, McBride and Burgman 2012).  Methods usually emphasise the need to elicit 51 

information in such a way that the reasoning behind the judgements are transparent and that these 52 

judgements are given on the basis of all relevant information (McBride and Burgman 2012). 53 

These principles form the basis of development and application of the methodology presented in 54 

this paper; in particular, transparency and feedback were achieved by interactive visualisation in 55 

the representation of uncertainty.  This paper employs a novel elicitation methodology to scope 56 

sources of uncertainty for Eastern Atlantic Bluefin Tuna as the first step of a risk analysis.   57 

 The International Commission for the Conservation of Atlantic Tunas (ICCAT) Atlantic Wide 58 

Research Programme for Bluefin Tuna (GBYP) rebuilding plan uses stochastic projections that 59 

do not currently capture all the uncertainty associated with stock assessment/management 60 

variables (GBYP 2011).  The stock assessment and catch quota outcomes predicted by the 61 

projections may not be sufficient to provide a basis for consensus-based management and they 62 

could be over optimistic (GBYP 2011).  An elicitation methodology was sought by GBYP to 63 

capture stakeholder  perceptions of each of the broad set of  uncertainties that may be important 64 

to include in stock assessments of Bluefin tuna Thunnus thynnus (Linnaeus 1758) and then to 65 

provide measures of their relative importance in terms of their impact on achieving management 66 

objectives.  67 

The goals of this expert elicitation were both pragmatic and strategic: to establish the impact 68 

that each uncertainty represented for management; to rate the extent that the uncertainty could be 69 

reduced by further study; and to assess how much each uncertainty has already been represented 70 

in management models.  The aim was to enable both a description of the scale of the problem 71 

arising from the various uncertainties and to quantify the potential for mitigation of risks posed 72 

by each source of uncertainty relative to current practice in producing the scientific advice. This 73 
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would serve as a basis for prioritizing sources of uncertainty in order to facilitate future risk 74 

management actions. Additionally, the degree of consensus among stakeholders on sources and 75 

scales of uncertainty was evaluated and tested in a targeted follow-up workshop. Finally, 76 

graphical tools were designed and provided to ICCAT to help scientists negotiate their own 77 

consensus on priorities, and take further steps to manage risks. A methodology was suggested to 78 

prioritize the identified uncertainties, based on analysis of the responses to the questionnaires.  79 

However, the resulting list of priorities was not intended to be prescriptive and ICCAT was 80 

encouraged to use the information to forge a consensus on their own plan of action for 81 

implementing risk based management.   82 

 83 

METHODS 84 

A questionnaire was developed in spreadsheet format to elicit ratings of uncertainty from 85 

stakeholders for each of 33 risk-related processes, assumptions and hypotheses which were 86 

identified from literature review and consultation with experts and other stakeholders.  87 

Respondents were asked to provides scores for the 33 variables in each of three dimensions: 88 

importance of the variable; uncertainty of knowledge concerning the variable; and the degree to 89 

which that variable was represented in the current assessment. These dimensions were used 90 

because they describe those aspects of uncertainty that are relevant in a risk-based management 91 

framework: ‘Could it make a difference?’; ‘Is the problem tractable?’; ‘To what extent has it 92 

already been tackled?’.  93 

Most potential sources of uncertainty were identified through literature review (Fromentin and 94 

Powers 2005, Fromentin 2006, Kell and Fromentin 2007, Fromentin and Kell 2007, CITES 95 

2010). The list of sources of uncertainties was further refined and extended during discussion 96 
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with ICCAT scientists. The sources of uncertainty considered fell into eight categories: Reference 97 

points; Recruitment; Population structure; Model; Management; Life History traits; 98 

Environmental; Catch.  Thirty-three sources of uncertainty were identified and evaluated. The 99 

choice of uncertainties to include in the questionnaire is important, especially when those 100 

developing the questionnaire had less experience of the case study than the respondents. 101 

Therefore as part of the process respondents were asked whether there were sources of 102 

uncertainty that were missing and whether certain sources of uncertainty were confounded. If 103 

there were important omissions then these could be followed up in an additional questionnaire. 104 

 The respondents included experts involved in stock assessment (n = 23), several NGOs (n = 105 

4) which focus on Bluefin tuna, and a manager representing one of the fishing nations (n = 1); the 106 

elicitations were conducted at two GBYP ICCAT meetings in Madrid in June 2011 and 107 

September 2012.  108 

Before the elicitations were conducted, the respondents were given the context, method and 109 

purpose of the questionnaire. The motivation to complete and contribute to the questionnaire was 110 

that the results would be used to direct research funding, improve assessment and communicate 111 

uncertainty to the decision makers – all direct concerns for these respondents. The subjective 112 

opinions of the participants were of interest so possible individual bias related to issues of 113 

personal experience or concern was expected and accepted.  114 

The survey was structured to present a base level of information on all issues identified in the 115 

literature review. Notes provided a shared context to each source of uncertainty and respondents 116 

were encouraged to consult these before answering the questions.  Finally, immediate graphical 117 

feedback provided the participants with the opportunity to verify or amend their answers 118 

accordingly.  119 
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To understand the reasons for disagreements and explore the possibility of achieving 120 

consensus in a larger group, a focus group of five people (four scientists and an NGO 121 

representative) was conducted. Through a group discussion facilitated by risk analysts, a 122 

consensus opinion was sought for Importance, the most influential dimension of these 123 

uncertainties to risk management. 124 

 125 

 Components 126 

For each source of uncertainty respondents were asked to evaluate three dimensions: 127 

 Importance - potential impact on management goals 128 

 Knowledge - potential to reduce uncertainty through more research 129 

 Representation in current assessments 130 

For each uncertainty, the three dimensions were rated on a scale (from very low to very high) 131 

such that the end of the scale corresponded to a greater risk, either greater importance, greater 132 

lack of knowledge or greater lack of representation.  133 

Importance 134 

Importance was rated in terms of the potential impact (minimal, minor, moderate, major, or 135 

massive) that a particular process/assumption/hypothesis (source of uncertainty) could have on 136 

achieving management objectives.  137 

Knowledge 138 

In the second dimension the concern was epistemological uncertainty or the potential to 139 

reduce uncertainty with greater knowledge.  It was rated as follows: 140 

Very low - the value of the variable is very well understood 141 

Low - the value of the variable is extensively researched 142 
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Medium - the value of the variable is moderately well understood 143 

High - the value of the variable is poorly understood 144 

High uncertainty - there is little of no information about the variable 145 

Representation 146 

The third dimension asked how well a particular source of uncertainty was represented in the 147 

assessment or scientific advice. This question elicits the extent to which a given source of 148 

uncertainty is already taken into account in the assessment: 149 

Very well represented - full distribution of uncertainty has been integrated into the 150 

assessment methodology  151 

Well represented - some percentile values have been used 152 

Represented - some sensitivity analysis or MSE evaluation has been done 153 

Poorly represented - uncertainty in the variable is not considered (deterministic) 154 

Very poorly represented or not at all - the variable has not (or barely) been represented 155 

or considered in the assessment 156 

 157 

Visualization 158 

An important objective was to present the data in the form of interactive visualizations and to 159 

use multiple types of representation adjusted to the user needs (Spiegalhalter et al. 2011). A novel 160 

visualisation method designed for ICCAT was based on risk assessment techniques developed in 161 

the EC FP7 project PRATIQUE (to improve Pest Risk Analysis in agriculture) and adopted by 162 

the European and Mediterranean Plant Protection Organisation (EPPO) (Baker et al. 2009, Holt et 163 

al. 2012, Mumford et al. 2011). The three components of risk, described in the previous section, 164 

are visualized in terms of variously sized bubbles (Fig. 1.) located in a two dimensional space 165 
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defined by ‘importance’ and ‘representation’ components. The size of the bubble portrays the 166 

degree of knowledge-related uncertainty; small size depicts low uncertainty, the size of the 167 

bubble increases as uncertainty increases. The background of the bubble chart is coloured from 168 

green (bottom left) through yellow\orange to red (top right); green indicating lower risk area of 169 

the chart and red indicating higher risk.  In this visualization method, colour and size provide a 170 

relative view, not linked to specific risk preferences or judgments. This visualization forms an 171 

integral part of the elicitation tool, providing instant feedback to the respondent of the overall 172 

implications of their beliefs about various sources of uncertainties.  173 

 174 

RESULTS 175 

Raw data visualisation 176 

Data from each of the respondents was collated in a spreadsheet and presented in two ways:   177 

a) Bar charts, in which the variables were grouped according to eight types 178 

(Management, Biology, Environment and Model).  For each variable the distribution 179 

of respondent scores is shown for the three dimensions of Importance, Knowledge 180 

uncertainty and Representation (Figs. 2, 3 and 4, respectively). 181 

b) Hoop diagrams which have a similar format to those shown in Fig. 1 except that 182 

hoops, instead of opaque bubbles, were used to allow all responses to be seen 183 

superimposed in the same chart (examples shown in Fig. 5). Green colour represents 184 

NGO answers, blue – managers, black – scientists. 185 

 186 

Bar chart visualization 187 
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Bar  charts  presented  in  Figures  2,  3,  and  4  enable  a  quick  overview  of  the  partition  of  188 

the  total  number  of responses  for  each  source  of  uncertainty  grouped  into  categories  189 

(Reference  points,  Recruitment, Population  structure,  Model,  Management,  Life History 190 

Traits,  Environmental,  Catch).  These are displayed in separate figures for each of the 191 

dimensions (Importance, Knowledge, and Representation).  In these figures the respondents are 192 

considered as a single group. The answers are colour-coded so that both dominating attitudes and 193 

a consensus can be apparent at a glance. For example, looking at Figure 2, at the last question 194 

regarding catch-under-reporting,  we  can  immediately  tell  that  all  of  the  respondents  195 

thought  that  its importance was moderate,  major  or massive, because both yellow and green 196 

colours are absent, and that the latter two categories dominate.  Looking at Figure 3 as a whole, 197 

red spectrum colours indicate all sources of uncertainty are seen to be relatively important.  198 

Similarly, Figures 3 and 4 show that for all sources of uncertainty at least some experts think that 199 

the knowledge and representation of uncertainty in each variable is insufficient.    200 

 201 

Hoop diagram visualisation 202 

The  hoop  diagrams  are  a  powerful  tool  for  displaying  the  degree  of  consensus  among  203 

experts  within  each variable in each of the three dimensions.  For example, for “Natural 204 

mortality” there is  a  high  degree  of  consensus  regarding  the  high  Importance,  poor  205 

Knowledge  uncertainty  and  poor Representation in the current assessment as indicated by 206 

consistently large hoops and that the hoops occupy the upper right (high risk) quadrant of Figure 207 

5a.  For “Interactions with other species”, there is a high consensus with respect to Knowledge 208 

uncertainty and poor Representation (in the current assessment) but there was very little 209 

agreement about the Importance of this variable (Fig. 5b).  In Figure 5c, we see high consensus 210 
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with regard to Knowledge uncertainty and Importance but very little agreement on how well this 211 

variable (Stationarity, cohort year effects, density) is included in the current assessment.  The 212 

variety of hoop sizes and the scattering of hoops in Figure 5d show how the experts had little 213 

consensus in any dimension when asked about the Risk Attitudes of Managers. 214 

 215 

Correlations between variables 216 

The scores of the three variables (Importance, Knowledge uncertainty and lack of 217 

Representation) assigned by each expert were, in varying degrees, not independent. To illustrate 218 

this, pairwise Spearman rank correlation was performed on the scores provided by each assessor. 219 

The histograms (Fig. 6) show the distribution of correlation coefficients for the group of 220 

assessors.  There was a tendency for most, but not all, experts to score Importance variables also 221 

as Knowledge uncertain. No causation is implied by the correlations themselves and it could be 222 

that greater perceived Knowledge uncertainty contributed to the reason that assessors also scored 223 

the Importance variable highly. The majority also tended to score the Importance variables as 224 

slightly more poorly for Representation in the model but the spread of perceptions was wide on 225 

this point. Almost all experts scored the lowest ranked Representation variables as the lowest on 226 

Knowledge uncertainty.  227 

 228 

Prioritization of uncertainties 229 

Using both the consensus score of Importance obtained from the sub-group of five individuals 230 

and the overall responses, an action plan was formulated in consultation with the GBYP 231 

modellers of what prioritization should be given to the quantitative testing of the uncertainties. 232 

The resulting list of priorities is subject to computational constraints as some variables are more 233 
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difficult to translate into scenarios for MSE or to incorporate into an existing stock assessment 234 

model.  Table 1 presents the group of 20 variables assessed by the panel as being of either 235 

massive or major Importance, the table also includes the hoop graphics from the individual 236 

elicitations.  237 

 238 

DISCUSSION 239 

Development of novel techniques to interact with a range of stakeholders is a response to the 240 

need to elicit and express the differences in ideas or objectives held by those who advise, decide, 241 

comply with, participate in and are ultimately affected by fisheries management. This is part of 242 

an increasingly inclusive approach to the management of environmental resources but also an 243 

acknowledgement of the failure of management approaches that ignored uncertainty and diversity 244 

of knowledge that has led to poor outcomes for both stocks and fishers worldwide. Enabling 245 

stakeholders to express their opinions reveals how diverse those opinions can be even within a 246 

relatively small group of stakeholders who have been focused together for years on a particular 247 

stock such as within the ICCAT Eastern Bluefin Tuna stock assessment group. Providing tools 248 

for structuring, eliciting and visualising the differences allows those differences to be analysed, 249 

negotiated and possibly resolved. Effective elicitation is a prerequisite for any opportunity for 250 

inclusive consensus. 251 

The instantaneous graphical feedback provided in the questionnaire may improve consistency 252 

of subjective judgements as well as stimulate, within an individual, formation of a broader and 253 

better structured understanding of uncertainties. Lipkus and Hollands (1999), reviewing 254 

elicitation methodology, note that ‘Visual representations may substantially improve 255 

comprehension of risk and make expert consultations more efficient’. Visualisation provides not 256 
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just an immediate feedback, but a sense of satisfaction in being able to express, define, and 257 

represent in some way the feelings of ignorance, frustration and ambiguity. Codifying uncertainty 258 

visually is empowering, making the elicitation process more efficient and effective for both 259 

elicitors and respondents. 260 

Elicitation of uncertainties fits logically within a risk analysis framework. Risk analysis is a 261 

formal process in which risks are identified, assessed, prioritized, managed and communicated to 262 

ensure that management objectives can be more effectively and efficiently met. In this paper we 263 

present an initial scoping stage of Risk Analysis, providing a basis by which to prioritise effort to 264 

quantify high-priority risks whenever possible. One such method is Management Strategy 265 

Evaluation (MSE). In MSE, the need for care in representing uncertainties and for thorough 266 

documentation of the elicitation process has been highlighted by both Rochet and Rice (2009) 267 

and Butterworth et al. (2010).  The methodology outlined here contributes to this documentation 268 

process by characterising perceptions of uncertainties by graphical methods.   269 

Quantification of uncertainties is both a labour and a computationally demanding process and 270 

thus its efficiency hinges on prioritisation. The sub-group discussion of the elicitation results 271 

described in this paper is one of many possible options for prioritisation. Though a small group 272 

inevitably introduces some bias, facilitation of a structured discussion based on the wider group 273 

elicitation minimises this. Lack of consensus in various dimensions might play a greater role in 274 

determining the prioritisation in future exercises or alternatively attempts to achieve consensus 275 

can be made before proceeding to quantification stages of Risk Analysis. In this exercise the 276 

causes of lack of consensus in important variables was identified and addressed through 277 

stakeholder discussion facilitated by risk analysts. Understanding the reasons for low consensus 278 

can lead to improved consensus and improved prioritisation of uncertainties within the modelling 279 
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framework. This approach was tested with a subset of five experts who were indeed able to agree 280 

on a common rating for the Importance dimension of variables (Table 1).  281 

Given that the combinations of scenarios for inclusion in an MSE grow exponentially with 282 

each extra variable, it will not be possible to evaluate the quantitative impact of all sources of 283 

uncertainties included in Table 1. Discussions with modellers are needed to reduce the twenty 284 

uncertainties to a shorter initial list of those variables most amenable for further evaluation, 285 

Simpler interactive modelling approaches will be valuable in doing this. For example by using a 286 

deterministic OM (without the need to run Monte Carlo simulations) where the preferences of the 287 

different stakeholder groups are modelled as utility functions (Houthakker 1950, Rosenberg and 288 

Restrepo 1994) This will allow the impact of the different sources of uncertainty to be 289 

investigated by reference to a change in utility. Once it is determined which of the uncertainties 290 

have the greatest impact on the utility function discussions can be initiated with the stakeholders 291 

to elicit which interactions among the 20 shortlisted uncertainties should have priority for further 292 

quantitative investigations. Finally, a representative ‘reference’ set of operating models can be 293 

selected based on analysis of interactions among uncertainties. The plausibility weights for this 294 

reference set of OMs provide another opportunity to engage stakeholders, and to elicit their views 295 

as to how robustness trials with the MSE should be ‘tuned’. Having thus established an MSE 296 

framework, other sources of uncertainty from Table 1 can be quantitatively addressed but it is 297 

still unlikely that every source of uncertainty identified in the qualitative stage described in this 298 

paper can be given a quantitative treatment.  So elicitation process also serves to document what 299 

is missing from the quantitative risk assessment, giving decision makers a more transparent and 300 

comprehensive view of uncertainties in the scientific advice to managers and other stakeholders. 301 
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Röckmann et. al. (2012) showed that extensive discussions between scientists and 302 

stakeholders were an important precursor to creating the atmosphere of goodwill required to 303 

openly address uncertainties in a participatory, transparent, clear and understandable manner. 304 

MSE requires several steps (Punt and Donovan 2007), including choosing hypotheses about stock 305 

and fleet dynamics to simulate to evaluate alternative Management Strategies. If stakeholders do 306 

not agree on the importance of the hypotheses chosen then it will be impossible to agree on what 307 

management strategy to adopt. The elicitation approach presented in this paper is therefore a 308 

potentially useful approach when using MSE to develop management frameworks. 309 

 310 
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Table 1. 20 variables assessed by the panel as being of either massive or major Importance, the 411 

table includes the hoop graphics from the individual elicitations. 412 
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Fig. 1. Visualising responses by individual experts: a) example of Lowest risk extreme 418 

characterised by being of minimal Importance, Very well represented in the assessment and very 419 

low knowledge uncertainty. The Bubble consequently occupies the low risk bottom-left green 420 

zone; b) Highest risk extreme caused by massive Importance, very poorly Represented in the 421 

Assessment, and very high Knowledge uncertainty. The Bubble occupies the upper-right red zone 422 

indicating a high priority variable. 423 

 424 

Fig. 2. Bar chart of responses to Importance component of each variable, hypothesis and 425 

assumption. 426 

 427 

Fig. 3. Bar chart of responses to Knowledge uncertainty component of each process, hypothesis 428 

and assumption. 429 

 430 

Fig. 4. Bar chart of responses to Representation component of each process, hypothesis and 431 

assumption. 432 

 433 

Fig. 5. (a) Natural mortality: high consensus on Importance and that it is also poorly Represented 434 

in the current assessment, with high agreement on Knowledge uncertainty; (b) Interactions with 435 

other species: high consensus on the lack of Representation in current assessment, moderate 436 

agreement on degree of Knowledge uncertainty but very low consensus on the Importance of this 437 

variable; (c) Stationarity, cohort year effects, density: High consensus on Importance and low 438 

consensus on the Representation in current assessment, but general agreement on high 439 

Knowledge uncertainty; (d) Risk attitudes of managers: Low consensus in all dimensions. 440 
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 441 

Fig. 6. Distributions for 28 experts of the correlation coefficients between their scores for (a) 442 

Importance vs. Knowledge uncertainty; (b) Importance vs. Representation; (c) Knowledge 443 

uncertainty vs. Representation.  Individual correlations have a significant relationship where r > 444 

0.317 (P < 0.05), bins shaded grey contain only significant relationships. 445 

446 
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Figure 1 447 
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Figure 2 450 
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Figure 3 453 

 454 

  455 



 

29 

 

Figure 4 456 

 457 

  458 



 

30 

 

Figure 5. 459 

 460 

  461 



 

31 

 

Figure 6 462 
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