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Abstract : 
 
In the context of the Common Fisheries Policy Reform, the implementation of multiannual management plans 
for fisheries and the annual quota negotiations between EU member states has generated a growing demand 
from stakeholders and managers for integrated advice that goes beyond the usual biological advice. This has 
led to the emergence of bio-economic tools and methods for the comparison of the biological, economic and 
social tradeoffs associated with alternative options for fisheries management. A Decision Support Framework 
(DSF) has been developed in this context, with the objective to tackle technical and methodological 
challenges to be able to provide bio-economic advices to support decision at national and European level. It 
is based on a partnership approach involving the fishing industry, managers and scientists and on technical 
protocols. We present the development of a partnership DSF within three local case studies, highlighting key 
challenges and lessons learnt regarding appropriateness and application of a DSF. The data processing 
methods and collaborative platform were pivotal for scoping out objectives and management options, and for 
aligning DSF outcomes with decision makers' needs and agendas. Definition of common standards and 
institutionalization of the use of partnership DSF are still required to operationalize the integrated advice 
process at national and European levels. 

 
Highlights 

► Reducing time to provide integrated advice is key for fisheries decision support. ► Data processing 
methods are key components of operational decision support. ► DSF should include transdisciplinary 
knowledge integration. ► Common standards for the use of the DSF would improve decision support. ► 
Institutionalizing the use of participatory DSF would improve decision making. 
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Abstract 15 

In the context of the Common Fisheries Policy Reform, the implementation of multiannual 16 
management plans for fisheries and the annual quota negotiations between EU member states has 17 
generated a growing demand from stakeholders and managers for integrated advice that goes 18 
beyond the usual biological advice. This has led to the emergence of bio-economic tools and 19 
methods for the comparison of the biological, economic and social tradeoffs associated with 20 
alternative options for fisheries management. A Decision Support Framework (DSF) has been 21 
developed in this context, with the objective to tackle technical and methodological challenges to be 22 
able to provide bio-economic advices to support decision at national and European level. It is based 23 
on a partnership approach involving the fishing industry, managers and scientists and on technical 24 
protocols. We present the development of a partnership DSF within three local case studies, 25 
highlighting key challenges and lessons learnt regarding appropriateness and application of a DSF. 26 
The data processing methods and collaborative platform were pivotal for scoping out objectives and 27 
management options, and for aligning DSF outcomes with decision makers’ needs and agendas. 28 
Definition of common standards and institutionalization of the use of partnership DSF are still 29 
required to operationalize the integrated advice process at national and European levels.  30 

Keywords: participatory approach, stakeholder engagement, decision-support, bio-economic 31 
modelling, fisheries management, impact assessment 32 

 33 

1 Introduction 34 

The implementation of Ecosystem-Based Management (EBM), defined as “an integrated approach 35 
that considers the entire ecosystem, including humans” (McLeod et al., 2005), and its application to 36 
fisheries have driven a search for new tools and approaches to facilitate the integration of social and 37 
environmental dimensions in decision making into an evidence-based policy approach. Among the 38 
challenges of implementing marine ecosystem-based management, Leslie and McLeod (2007) 39 
underline the need for tools to “better evaluate impacts of human activities on ecosystems and 40 
trade-offs among objectives“ and the need for research that is “more connected to management and 41 
policy processes“. They also argue for interdisciplinary development, communication and 42 
participation of stakeholders.  43 
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In Europe, the supra-national level creates a specific process for management where negotiation 44 
between member states plays an important role (Marchal et al., 2016). While scientific advice 45 
provided at European Union (EU) level is mainly biological advice, socio-economic dimensions are 46 
usually taken into account in the negotiation step.  47 

In the context of the Common Fishery Policy (CFP) Reform (CEC, 2009), new regulations and balanced 48 
objectives between environmental, and socio-economic issues generated a growing demand for 49 
integrated scientific evaluations and impact assessments1 beyond the usual biological advice (see 50 
impact assessment groups at the Scientific Technical and Economic Committee for Fisheries (STECF) 51 
level https://stecf.jrc.ec.europa.eu/). This has led to re-examination of the decision-support for 52 
fisheries management. In the EU context, STECF initiated the development of an operational 53 
framework for impact assessment of management plans, including stakeholder engagement (Impact 54 
Assessment protocol, STECF 2010). The SOCIOEC European Project presented a framework for impact 55 
assessment including stakeholders at different steps in Malvarosa et al. (submitted). This should help 56 
supporting negotiations for fisheries management between member states at EU level and between 57 
stakeholders and decision makers at national and EU levels.  58 

Maximum Sustainable Yield, established as the management target for all the stocks, were to be 59 
applied where possible in 2015 and at the latest in 2020, with a timetable depending on socio-60 
economic considerations. Scientific advice based on Maximum Sustainable Yield objectives are thus 61 
to be balanced in European negotiations to account for socio-economic and multi-specific issues 62 
during the decision-making process. To address such a growing demand and improve the European 63 
decision-making process, there is a need for the development of operational Decision Support 64 
Frameworks (DSF) designed to assess and compare the biological, economic and social trade-offs 65 
associated with management strategies and to highlight distributional issues between member states 66 
and/or fleet segments, thus providing information for decisions at the European supra-national level.  67 

The need for integrated scientific assessment concerns alternative transition pathways to Maximum 68 
Sustainable Yield (MSY) objectives, as well as regional multiannual management plans for fisheries, 69 
landing obligations, or quota management that are other major issues addressed in the CFP reform. 70 

While a large range of integrated bio-economic models have been developed in recent years to help 71 
environmental and resource management and have demonstrated their utility in impact assessment 72 
of scenarios at national, EU or international levels, their application for decision support still requires 73 
a great deal of time and resources (see Nielsen et al., 2017 for a review of fisheries model 74 
approaches and their operational use and STECF, 2015 for examples of applications in the EU 75 
management plan impact assessment context). Moving from applied bio-economic tools to effective 76 
decision-support frameworks, i.e., frameworks providing integrated advice addressing both biological 77 
and socio-economic issues, still means facing a number of technical and methodological challenges. 78 
The main challenges highlighted in the literature concern the appropriateness of tools and data used 79 
in impact evaluation for specific management questions (e.g., Plagányi, et al., 2014, Punt et al., 2016) 80 
and the requirement to involve stakeholders, scientists and decision makers to improve the use and 81 
usefulness of models for decision making (e.g., Reed, 2008). There has thus been a growing 82 
consensus on the value of stakeholder participation in fisheries management decision-support and 83 
decision-making processes (Leslie and McLeod, 2007, Berghöfer et al., 2008, Thébaud et al., 2014), 84 
following evidence from a broad range of contexts (e.g., Hartley and Robertson, 2006; Luyet et al., 85 
2012, Mackinson et al., 2011 or Röckman et al., 2012). The move from biological advice towards 86 
more integrated scientific advice including socio-economic aspects, has also initiated a trend towards 87 

                                                           
1
 At European level, impact assessment conducted on new initiatives expected to have significant economic, social or 

environmental impacts makes up the DSF. It is defined as a “set of logical steps [] that prepares evidence for political 
decision-makers on the advantages and disadvantages of possible policy options by assessing their potential [economic, 
social and environmental] impacts” (EC, 2009, 2015). Impact assessment is thus not only about the implementation of 
evaluation tools, but also about the process by which the evaluation can be carried out. 
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more involvement from stakeholders, with varied degrees and types of involvement in research, 88 
from simple consultation to stronger collaborations (Mackinson et al., 2011). 89 

Among DSF used for fisheries management, the Management Strategy Evaluation (MSE) framework 90 
provides interesting examples and applications for comparing and selecting management strategies, 91 
particularly in South Africa, in the International Whaling Commission (IWC) or in Australia (e.g., 92 
Butterworth and Punt 1999 or Smith et al., 1999). MSE is widely acknowledged as the reference for 93 
assessing robustness of management strategies to uncertainty in observation, model and 94 
implementation. It has mainly been used in mono-specific contexts to address uncertainty issues 95 
rather than trade-offs between different dimensions, but is being extended for application in the 96 
Ecosystem Based Management Context (Fulton et al., 2014, Plagányi et al. 2014). Literature on MSE 97 
building from experience and on lessons learnt on its use for decision-making also indicate technical 98 
issues regarding data and model and the importance of stakeholder involvement in collaborative 99 
modelling (e.g., Punt et al., 2016). 100 

These challenges need to be addressed at national and EU levels if decision-support frameworks are 101 
to provide integrated bio-economic advice within partnership approaches useful to stakeholders and 102 
managers. 103 

Participatory modelling provided a first basis for greater engagement of stakeholders in the decision-104 
support process. Voinov and Bousquet (2010) reviewed different types of approaches and the 105 
lessons learnt on both the social aspects of participation and the methodological aspects of 106 
modelling. They highlight that co-learning, transparency and the process of stakeholder engagement 107 
are essential. They also underline that processes included (or not included) in the models, 108 
assumptions and limits need to be made explicit to potential users of the results, and that models 109 
should be flexible and of a complexity adapted to the question, objectives and available data. These 110 
authors conclude that participatory modelling can assist decision-making and tackle the high 111 
complexity of socio-ecological systems and the difficulties of evaluating different options. The benefit 112 
of participatory modelling in fisheries management is also to facilitate and structure discussion, and 113 
to increase transparency and co-learning (Röckmann et al., 2012).  114 

Participatory modelling has been developing approaches in recent years, favoured by incentives to 115 
engage stakeholders in research projects and management strategy evaluation approaches (Dutra et 116 
al., 2015). Development of DSF fully integrating scientific and empirical knowledge from the fishing 117 
industry, managers and scientists, beyond modelling questions to provide bio-economic assessment 118 
and highlight trade-offs from a multi-criteria perspective remain limited, however. Stakeholder and 119 
manager engagement should enable adequate scoping, implementation and knowledge integration 120 
in a partnership framework to support an evidence-based policy approach implemented through 121 
impact assessment procedures.  122 

In this paper, we present the development and application of a partnership DSF able to provide bio-123 
economic advice for national and European decision support. By DSF, we refer to a process for the 124 
integration of existing data and knowledge (biological, socio-economic, scientific and empirical) to 125 
provide relevant information on potential trade-offs between alternative management options to 126 
support decisions. It thus covers technical issues and development of tools for integration and 127 
assessment but also issues related to the process itself (Bolman et al., 2018). The DSF is designed to 128 
assess the biological and socio-economic trade-offs of alternative transition schemes to MSY2 129 
through management plans, Total Allowable Catches (TAC) and quotas, considered as major issues by 130 

                                                           
2
 MSY was defined as one of the main management objective in the European Fisheries policy. The question of fishing rights 

and transferable fishing concessions, largely debated during the CFP reform, was eventually left to each Member State’s 
decision. The framework developed was applied in the CFP reform context to transition schemes to MSY however it was 
also used in other contexts to explore the trade-offs existing between different institutional arrangements regarding quota 
management (Bellanger et al, in press) or to explore impacts of scenarios to Maximum Economic Yield instead of the 
adopted MSY target in Guillen et al. (2013).  
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stakeholders and managers. The aim of this paper is to highlight the role of technical protocols and 131 
partnership engagement in developing a DSF for fisheries management. The paper focuses on the 132 
phase of decision-support involving science3 to provide information on trade-offs between different 133 
management options for the decision-making process. It was not possible to address the effective 134 
use made of information from the decision-support process and its importance in the decision-135 
making process within the scope of this paper. 136 

The paper will first present the context of the Bio-Economic Partnership Working Group project 137 
(BEPWG) and the collaborative definition of the objectives of the DSF. The methods and tools 138 
developed as part of the DSF (including the partnership platform with the fishing industry, managers 139 
and scientists, the data processing methods and the bio-economic integrated model) will then be 140 
described. The protocol for the use of the DSF and results of its application  to the impact assessment 141 
of the Multiannual Management Plan for South Western Waters, exploration of options in the 142 
Channel scallop fishery and management of the western Mediterranean hake fishery are presented 143 
in a fourth section. Lessons learnt from the development and application of the partnership DSF are 144 
finally discussed with regards to its usefulness and perspectives for improvement towards an 145 
institutionalization of its use. 146 

2 Collaborative definition of the DSF objectives  147 

2.1 Context and case studies 148 

The BEPWG project was started in 2009 with the support of the French Directorate of Sea Fisheries 149 
and Aquaculture (DSFA)4. The project aims to develop the ability to provide bio-economic assessment 150 
of management strategies for decision support within a collaborative process associating scientists, 151 
the fishing industry and managers. The project brought together economists, biologists, social 152 
scientists and fishing industry representatives at local, national and regional sea levels with the DSFA. 153 
The fishing industry was represented by French Producer Organizations, local, regional and national 154 
fishers’ organizations, and the European South West Waters Advisory Council.  155 

A kick-off meeting was organized at national level in 2009 to discuss the common objectives, 156 
approach and establishment of the partnership platform. All decided (1) to adopt an approach able 157 
to answer real-world management problems-questions and (2) to organize this collaboration around 158 
regional case studies.  159 

During this meeting, the need to develop a new DSF emerged and it was decided to base its 160 
development on three case studies chosen together (Fig. 1).  161 

                                                           
3
 In Europe, the decision-support process and the decision making process are separted processes. 

4 www.umr-amure.fr/pg_partenarial_bioeco.php 
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 162 
Figure 1: Case studies of development of the bio-economic partnership approach 163 

 164 
 165 
The three case studies represent different contexts in terms of management, stakeholders, data and 166 
knowledge (see Table 1). All are strategic fisheries for France with high socio-economic stakes for 167 
their management. The scallop fishery in the Bay of Saint-Brieuc is located in the English Channel and 168 
illustrates a coastal stock assessed and managed under national and local regulations. The demersal 169 
fisheries in the Bay of Biscay are mixed fisheries characterized by high interactions between fleets 170 
targeting or by-catching the same stocks (technical interactions) and illustrates the European 171 
assessment and management context for shared stocks between member states. New multi-species 172 
management plans are under discussion between the European Parliament, Council and Commission, 173 
with strong demand from stakeholders and decision makers to explore alternative objectives and 174 
Harvest Control Rules (HCR) to design the new management plans. The hake fishery in the 175 
Mediterranean Gulf of Lion illustrates a stock shared between France and Spain, under 176 
Mediterranean management in a data-poor context. Demand for impact assessment by the General 177 
Fisheries Commission for the Mediterranean (GFCM) (a regional fisheries management organization 178 
of FAO) interacts with European objectives and implementation of multiannual management for 179 
fisheries in Europe. Hake is a key species in the Gulf of Lion fleet dynamic and its management is of 180 
high importance to stakeholders.  181 
 182 
Table 1: Comparison of the three case studies where the bio-economic partnership decision-support 183 
framework was developed and implemented 184 
Fishery(ies) Bay of Saint-Brieuc scallop fishery 

in the Channel 
Demersal fisheries in the Bay of 
Biscay 

Hake fishery in the Mediterranean Gulf 
of Lion 

Socio-economic 
Importance of 
the fisheries 

~220 French vessels 
480 fishermen 
30 million euros Gross Revenue 

~570 French vessels 
1800 fishermen 
200 million euros Gross Revenue 

~180 vessels (+ 40 Spanish vessels) 
520 fishermen 
45 million euros Gross Revenue 

Kind of Fisheries Relatively mono-specific 
 

Mixed fishery with high technical 
interactions  

Mixed fishery with interactions 
between small scale fisheries and 
trawlers and shared stocks with Spanish 
fleets 

Main species Scallop  Northern hake, Bay of Biscay sole and 
Nephrops, monkfish 

Hake, anchovy, sardine, cephalopods 

Main fleets Dredgers and trawlers French Nephrops and mixed bottom 
trawlers and sole and mixed netters 

French Bottom trawlers and small 
polyvalent or exclusive netters 

Scale of 
governance 

Local/regional management  European Management at EU region:  
South-western waters/ Bay of Biscay  

European and international  
Mediterranean management context 
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with local regulation based on regional 
and local fishers organizations  

Main actors of 
the management 

Local Fishery Committee, French 
administration, Producer 
Organization, Regional 
Administration 

Europe, South-Western Advisory 
Council, Producer Organizations, 
national and regional fishers 
organizations, French administration 

Europe, General Fisheries Commission 
for the Mediterranean (GFCM), 
Regional  and local fishers 
organizations,  French administration, 
Producer Organizations 

Management 
context and 
regulation  

Regulation based on:  
- Limitations of the effort through 

national non-transferable 
licenses, limited fishing time 
(days and hours) and temporal 
closures + regulations on the 
characteristics of the dredge.  

- An indicative quota of scallops 
decided based on scientific stock 
evaluation to maintain a 
sustainable exploitation.  
 

Management mainly relies on: 
- Total Allowable Catches set at 

European  levels and quotas.  
- License systems  
- Management plans: A recovery plan 

implemented for hake in 2004 
(Council Regulation (EC) No 
811/2004 of 21 April 2004). A multi-
annual management plan towards 
MSY implemented for sole in the Bay 
of Biscay in 2006 (Council Regulation 
(EC) No 388/2006 of 23 February 
2006) and a multi-annual multi-
species management plan to be 
implemented within the CFP reform. 

Input control (temporary closures and 
decommissioning schemes), GFCM 
recommendations and perspectives for 
multi-annual management plan towards 
MSY.  

Status of the 
fishery 

Full-exploitation of the stock’s 
ensuring biological viability with 
however high fluctuations 
according to stock abundance and 
environmental conditions. Good 
economic performances which 
could be improved by adjusting 
fishing capacities to the stock 
productivity and exploring the 
impact of lengthening the fishing 
season on prices.  

Over-exploited fishery within the 
precautionary limits of Biomass 
however (Fishing mortality for sole 
should be reduced by more than 30% 
in 2016 to FMSY, Hake is fully 
exploited). Situation of characterized 
over-capacity with rent 
dissemination. 

High recruitment dependence and 
strong overexploitation of the hake 
stock that was assessed to be more 
than ten times over the Fishing 
mortality at MSY (Vasilakopoulos et al., 
2014). Economic profitability is highly 
dependent on fuel price for trawlers. 

Data availability Stock assessment (national) and 
production, activity and economic 
data from the Fisheries Information 
System 

Stock assessments (ICES) for some 
stocks and production, activity and 
economic data from the Fisheries 
Information System 

Stock assessment for hake (GFCM-
STECF) and production, activity and 
economic data from the Fisheries 
Information System, with however 
specific monitoring sampling programs 
for small scale production to try to 
overcome non reporting  

 185 
 186 

 187 
 188 

2.2 Identifying the DSF objectives  189 

A review of past and present demands for bio-economic assessment at national and EU levels was 190 
first made to identify areas of concern, type of management issues to be addressed and outputs 191 
expected. This review was mainly based on two sources: an analysis of the terms of reference of the 192 
STECF working groups on management plans and those of the requests of the French administration 193 
for fisheries.  194 

This review was discussed and completed with stakeholders and managers during the first project 195 
meeting, where several issues were addressed: 196 

- the main specifications expected from a DSF;  197 
- the  scenarios of interest the future DSF could be able to analyze; 198 
- the main challenges to tackle. 199 

The issue of management plans and transition schemes to MSY based on effort or TAC regulations 200 
was identified by all actors as a key question to be addressed, for which there still lacked operational 201 
DSFs providing assessment of biological and socio-economic trade-offs.  202 
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The review and consultation of fishing industry and managers and experience from scientists of the 203 
project in decision-support tool development made it possible to build the main specifications of the 204 
DSF to advance towards providing bio-economic assessment for decision-making.  205 

The specifications identified related to the following abilities: 206 

• Being able to provide, in a short timeframe, the most complete and up-to-date description 207 
and modelling of fisheries dynamics in different case studies based on the most recently 208 
available data and knowledge. 209 

• Designing a tool: 210 

- able to account for the relevant dimensions (i.e., relevant species, fleets and spatio-temporal 211 
dimensions) and complexity (processes to be modelled) to assess the impact of concrete 212 
scenarios; the tool should be designed/implemented with regards to the set of management 213 
questions to address and the objectives, which will notably decide its spatial scale and 214 
timescale aspects; 215 

- easy to parameterize and calibrate so that it can be used and updated in a relatively limited 216 
timeframe and be easily applicable to different fisheries (it should thus rely as much as 217 
possible on existing data and processes and interface easily with available databases) ; 218 
 219 

- flexible enough to test new scenarios, include new processes or other possible developments 220 
required for management;  221 

- capable of efficient and reliable calculation i.e., able to run a large number of simulations, 222 
including stochastic simulations, and/or solve optimization problems and produce outputs in 223 
a short time to quickly provide updated information for decision-making when needed. 224 

• Providing appropriate indicators to assess the potential biological and socio-economic impact 225 
of scenarios and clear representation and visualization of trade-offs from a multi-criterion 226 
perspective. Choice of the indicators and their representation and visualization tools are key 227 
aspects for disseminating results and making them useful for decision-making. 228 

• Providing transparent analysis on assumptions and limits:  Clear assumptions and qualification 229 
of the results are important when providing knowledge for decision makers.   230 

In addition to these objectives, another goal was to investigate a partnership approach that would 231 
move towards the production of integrated advice and promote its added value. The approach here 232 
refers to how to tackle the development and implementation of a DSF by identifying specifications 233 
required, developing a technical model and data-based solution, as well as developing partnership 234 
platforms for the evaluation of alternative management options in an operational approach to 235 
collaborative assessment. 236 

Based on evidence from the literature, the aim of involving stakeholders and managers was to ensure 237 
that the tools developed respond to operational management problems and questions and to users’ 238 
needs. The objectives were also to create conditions to integrate scientific and empirical knowledge 239 
within a trans-disciplinary approach and to identify potential needs for bio-economic advices and 240 
thus technical development to operate upstream of institutional demands.  Creation of common 241 
knowledge on bio-economic modelling methods and outputs was also important, with the objective 242 
of enhancing the legitimacy of this type of approach and up-take of the results for decision-making. 243 

3 Methods developed as part of the partnership decision support framework  244 

In the project, the following three elements were developed to address the challenges related to 245 
building of a DSF for fisheries management in the European context as identified in 2.2: 246 
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• The development of the partnership approach for the participation of fishing industry and 247 
managers in the process; 248 

• The development of tools for data processing; 249 
• The development of an integrated model IAM (Impact Assessment Model for fisheries 250 

management) with specifications designed to address the key challenges. 251 

3.1 Development of the partnership approach   252 

A major issue for addressing the challenges of operational impact assessment was the development 253 
of a partnership approach for the building and use of the DSF.  254 

The partnership platform assembled scientists, stakeholders (representatives from the fishing 255 
industry) and managers with the objective of implementing operational and legitimated methods 256 
and tools to provide scientific knowledge for decision making, and to disseminate results (Fig. 2).  257 

 258 

Figure 2: Partnership platform 259 

 260 

 261 

The partnership platform was initially designed to bring together the main actors of fisheries 262 
management and the fishing industry at the national level (main French producer organizations, 263 
national fisher’s committee, South West Waters Advisory Council and French DSFA). At the second 264 
stage, it was extended to the main local and regional actors of the different case studies (local 265 
fishers’ representatives in the scallop fishery, regional fishers’ representatives of the Languedoc-266 
Roussillon region and main local fishers’ representatives for the Gulf of Lion case study, and all the 267 
producer organizations of the Bay of Biscay).  268 

The functioning of the platform was structured into working groups by case study and transversal 269 
groups working on methodological aspects interspersed with technical developments (Fig. 3). A 270 
preliminary description of the fishery and of the data sources was presented at the first set of case 271 
study working groups. The partners discussed and validated the data to be used and agreed on 272 
fishery representation (including aggregation level, typology and processes represented) based on 273 
their knowledge of past and present dynamics of the systems studied. Management issues in each 274 
studied area and prospective scenarios of interest to be tested and explored were defined in 275 
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partnership. A second set of working groups was organized after a period dedicated to model 276 
development, parameterization and impact assessment of scenarios. Methods, assumptions and first 277 
results of the management scenarios were presented and discussed among partners. Quantitative 278 
outputs on possible trade-offs were complemented in some cases with expert knowledge, 279 
particularly regarding behaviours.  Output indicators and their modes of representation were also 280 
discussed. Transversal working groups were held in parallel to validate the methodological work 281 
done on each case study and discuss methodological points. This working-group based approach 282 
enabled discussion and knowledge sharing with fishing industry experts at different stages of the 283 
project.  284 

 285 

 286 

 287 

Figure 3. Participatory process developed 288 

 289 

 290 

3.2 Tools for data processing and standardized fisheries descriptions  291 

A major challenge identified by the participants is the ability to use the most up-to-date data 292 
efficiently in order to base management on the best available information. This should be achievable 293 
quickly, as decision support should generally be conducted within a limited time frame. The 294 
deadlines set for the impact assessment of multiannual management plans by the STECF, on behalf 295 
of the European Commission, provide a good illustration: the time dedicated to the definition of 296 
Terms of Reference and provision of an assessment was 2 months for model calibration, simulation 297 
and results analysis.  298 

Operational description and modelling of fisheries dynamics requires a good knowledge of stocks, 299 
fleets and market dynamics based on the most recent data. Data processing and analyses are among 300 
the most time-consuming tasks and more efforts should be dedicated to their optimization. In 301 
practice, the main challenge is to be able to address a new case study quickly. This involves building a 302 
representation of the bio-economic system and parameterizing it with the latest stock assessments 303 
and latest available production and economic data.  304 
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R5 data-processing methods were specifically developed to extract and analyze data from the 305 
Fisheries Information System (FIS) of Ifremer, which is an innovative network gathering and linking 306 
fisheries data on resources and uses (http://sih.ifremer.fr/). Data series on vessels’ technical 307 
characteristics, strategies, effort and landings and economic performances are available and provide 308 
validated information to research programs and to advisory support services at Ifremer. Some of the 309 
data are compiled within the Data Collection Framework (Commission Regulation EC No 665/2008 of 310 
14 July 2008). The stable structure of the database and availability of disaggregated data provided 311 
the opportunity to develop generic routines based on R scripts with the following objectives: 312 

1. Identify and characterize the biological and economic components of the fishery 313 
concerned by the regulation under evaluation; i.e., define the contours of the fishery(ies) 314 
studied and the dimensions of the model (number of fleets, set of species concerned 315 
etc.). This is based on routines able to select a subset of vessels according to various 316 
selection criteria such as vessels fishing in a certain area, landing above a given tonnage 317 
of a particular species or using a particular gear6.  318 

2. Extract the available data regarding catches, landings, fishing effort, vessel 319 
characteristics, fish prices and fishing costs for these vessels.  320 

3. Create ad hoc typology of vessels at appropriate level of disaggregation to observe the 321 
potential trade-offs.  322 

4. Calculate indicators used for the description of past and recent dynamics of the fishery. 323 
5. Compile indicators into input files for the calibration of the impact assessment tool. 324 

Figure 4 details the method developed to provide operational description of fisheries studied.  325 

                                                           
5
 R project - https://www.r-project.org/  

6
 An initial set of selection criteria was coded to address the most frequent management questions reviewed in 

national and European requests: fishing management plans towards MSY for a set of species, management 
plans on particular gears as in the Mediterranean regulation, or territorial management issues for vessels 
fishing in a particular area (sea approach) or fishing from a particular region (land approach). Criteria are 
flexible to be adapted for new issues. 

http://sih.ifremer.fr/
https://www.r-project.org/
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 326 

                 Figure 4. Operational Data Processing Methods 327 

 328 

Data-processing methods developed produce two kinds of outputs: (i) Descriptive sheets including a 329 
set of updated tables and figures automatically built from R and LaTeX codes based on the databases. 330 
These sheets describe the technical characteristics, activity, production or economic performances of 331 
the fleets identified in the fishery or the variability of supply and price of the species landed in the 332 
fishery compared with the national market. They were used as a basis to share and complete a 333 
common description of the fishery dynamics with stakeholders and managers.  (ii) Input parameter 334 
files per fleet or vessel and species to calibrate the impact assessment model. The codes developed 335 
to calculate the input parameters from databases have improved the process by testing and 336 
standardizing this step and making it repeatable, thus avoiding potential mistakes.  337 

3.3 A bio-economic operating model for biological and socioeconomic assessment of scenarios  338 

One important point for modelling was to develop a tool flexible enough to implement or modify 339 
options at different scales and easily identify new control variables while working in a limited 340 
timeframe. Two other features also had to be considered: (i) the simulation tool had to rely as much 341 
as possible on regularly-collected data and include internal calibration methods, and (ii) the coding 342 
language needed to use widely-used coding languages, computing performances and the possibility 343 
for post-analysis web simulations and visualization of outputs. 344 
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The bio-economic Impact Assessment Model (IAM) developed has the same basis as other bio-345 
economic models developed at EU level, such as FLBEIA (Garcia et al., 2013, in press), SIMFISH 346 
(Barteling et al., 2015) and FISHRENT (Salz et al., 2011) or BEMTOOL (Rossetto et al., 2015). IAM was 347 
designed to perform quantitative multi-criteria analysis of various management scenarios and 348 
address the key challenges identified in the project’s specification phase. The model is stochastic, 349 
and can include uncertainties on recruitment and prices of outputs. It combines different time steps 350 
according to the processes modelled: it has annual time steps for fleet dynamics and annual or 351 
quarterly time steps for biological dynamics. It is multi-fleet or multi-vessel, multi-species and multi-352 
metier. The model is applied to regional case studies but no explicit spatialization of effort is taken 353 
into account as spatial issues were not considered essential for exploring MSY scenarios. According 354 
to existing knowledge, species can be represented through age-structured stock dynamics with an 355 
analytical assessment or global production model. For species for which biological dynamics are well 356 
known, production functions are based on the Baranov equation. Catches of other main species for 357 
which little is known about the stock dynamics are included through linear functions of fishing effort 358 
and landings per unit of effort (other functional forms are also possible).  359 

 360 
The usual main economic dynamics considered in bio-economic models can be included, such as 361 
market dynamics and price elasticity, fleet dynamics, catchability increase through investment or 362 
technical creeping, or short-term behaviours. Several assumptions concerning impacts of scenarios 363 
on gross revenue are possible, including reallocation of effort assumptions. Several vessel behaviours 364 
regarding TAC consumption and choke species can be tested including the lowest/highest quota 365 
behaviours used in ICES (2017)7 or the maximum profit behaviour under TAC constraints or 366 
reallocation of the effort of the fleet among metiers according to habits and/or profitability. When 367 
used for simulation, the model generates full timeseries datasets and compiles several statistics on 368 
the impact of scenarios in terms of stock biological status, vessel economic performance, vessel 369 
number, employment in the fishery and crew salaries. The model assesses impacts in the short, 370 
medium and long terms. It provides multi-criteria analysis, analyses of the transition phases in terms 371 
of biological, social or economic viability and analysis of impact distribution between fleets and 372 
between owners and crew. The model can also be used to perform cost-benefit analysis of scenarios 373 
compared with the status quo in terms of net present value. Properties of the model make 374 
implementation of scenarios possible at any time or dimension. Options such as consideration of 375 
external factors (fuel cost increase) or alternative options of effort reallocation can be tested. The 376 
program can also be used for both simulation (scenario exploration) and optimization (e.g., to find 377 
the fleet structure that maximizes rent).  378 
 379 
 380 
Compared with existing bio-economic models (reviewed in Nielsen et al., 2017), one of the main 381 
originalities of this model is that it is designed and developed to directly use data from stock 382 
assessments and input files created from the operational data processing methods developed within 383 
the project. Input variables for the model correspond to outputs of stock assessment and a limited 384 
number of transversal and economic indicators calculated at the required level of aggregation from 385 
the Fisheries Information System or from European data collected under the Data Collection 386 
Framework regulation. The parameterization process was partly automated by linking the model to 387 
the Ifremer Fisheries Information System databases. The model can thus be easily updated with the 388 
latest data series available for any particular fishery. Internal calibration methods based on existing 389 
input data have also been implemented to facilitate parameterization and calibration. The model 390 

                                                           
7 Lowest quota behaviours assumes that fleets stop fishing when the first quota is reached (assumption of full observation of the landing 

obligation), highest quota behaviour assumes that fleets keep fishing until the last quota is consumed and discards over-consumption of 

quotas 
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thus allocates fishing mortality by metier and fleet metier according to catch-at-age by metier and 391 
landings by fleet and metier.  392 
 393 
The modular basis chosen allows development flexibility and facilitates addition of extra functions 394 
(Fig. 5). Modules can be connected, disconnected, replaced by other modules or coupled with other 395 
models. Each module corresponds to an equation or a small number of equations describing a 396 
process and works with a set of inputs and a declaration of outputs. Intermediate variables created 397 
can be managed through scenarios or injected into other modules or models.  398 
 399 

 400 
Figure 5. Modular structure of the IAM model 401 

 402 
 403 
The model computing language combines R (for the user interface, data handling and output 404 
presentations) and C++ (for all the calculation modules). It was expected that the choice of a 405 
commonly used language that is useable or at least understandable by non-programmer specialists 406 
would allow better buying-in. The language and technical specifications of the model made it 407 
possible to create an “IAM” R package with compiled C++ code and to develop web applications 408 
working with C++ compiled code. 409 
 410 
The model was developed and used to assess the impacts of various management scenarios 411 
discussed in the context of the CFP Reform: variation of exploitation pattern/adoption of selective 412 
devices (Raveau et al., 2012), alternative transition to MSY based on variation of fishing activity 413 
(fishing effort in time), variation of fishing capacity (number of vessels), TAC and quota and HCR, 414 
sensitivity and transition to reference points (Guillen et al., 2013, Macher et al., 2011), comparison of 415 
alternative institutional arrangements – quota pooling implemented by producer organizations in 416 
France – versus individual transferable quotas system as discussed in the CFP reform (Bellanger et al., 417 
in press). It was used for the impact assessment of the Bay of Biscay management plan at STECF level 418 
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(STECF, 2011, 2015). A full description of the model’s equations is provided in these papers and in 419 
Merzéréaud et al. (2011). Updated versions of the model’s equations, described in Merzéréaud et al. 420 
(2011), are given in the Supplementary Materials.' 421 

4. Results of implementation of the partnership DSF in the three case studies 422 

4.1. DSF application protocol 423 

The bio-economic partnership DSF was implemented in the three case studies following the same 424 
protocol for partnership impact assessment. The protocol documents a standardized operational 425 
method identifying resources, methods, and actors to be involved at each step to perform impact 426 
assessment of scenarios for decision-support as well as expected outcomes regarding the partnership 427 
approach. It is based on the steps given in table 2. 428 

Table 2: Steps of the protocol for partnership impact assessment of scenarios, actors involved, 429 
methods and outcomes 430 

Steps of the protocol Actors involved Methods Outcomes 

1.Identification and engagement 
of key actors of the fishery 

Scientists with 
stakeholders 

Analysis of institutional context  
+interviews of key actors 

Stakeholders engagement 

2.Identification of the institutional 
context and the management 
issues 

Scientists, 
stakeholders, 
managers 

Analysis of institutional context  
and information sharing with 
key actors interviews or focus 
groups 

Management issues and context in each 
case study 

3.Delimitation of the contours of 
the fishery studied in terms of 
stocks, fleets, markets concerned 
according to key issues 

Scientists, 
stakeholders, 
managers 

Reference reports on stock 
assessment and fisheries from 
ICES, STECF or GFCM  

Inventory of available data 

Analysis of fleets and species   

Criteria of selection for species, fleets 
and geographic area to be considered in 
each case studies 

4.Selection of appropriate fleet 
typology/ segmentation according 
to question or co-creation of ad 
hoc typology where needed to 
highlight trade-offs 

Scientists, 
stakeholders 

Focus groups Shared typology with stakeholders 

5.Extraction of data, analysis of 
sampling, consolidation of 
segmentation/ clusters  

Scientists Data processing methods 
developed based on existing 
data bases   

Data base by case study gathering all 
the data available to describe and 
model dynamics 

6.Description of fishery ex-post 
dynamics  

Scientists Methods developed for 
indicators calculation 

Automatic generated PDF documents 
describing each fishery studied in terms 
of fleet’s characteristics, activity, 
production, profitability, market and 
prices, stock status with most updated 
data series 

7.Parameterization and calibration 
of IAM  

Scientists Methods developed for 
indicators calculation 

Calibrated model  

8.Definition with partners of 
scenarios to explore and 
assumptions  

Scientists, 
stakeholders, 
managers 

Focus groups Description of scenarios to be tested 

9.Simulation of scenarios  Scientists Bio-economic model 
developed - IAM 

Results in terms of impacts of scenarios 
on stocks, fleet’s profitability, 
employment and wages  

10.Production and visualization of 
results 

Scientists with 
stakeholders 
and managers to 

Data processing and 
visualization methods 

Diverse figures and tables based on 
quantitative results or qualitative 
visualization highlighting trade-offs 
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define outputs 
visualization 
format 

developed on IAM outputs  from a multi-criteria perspective  

11.Discussion of results, limits and 
additional knowledge on impact 
assessment of scenarios with 
partners 

Scientists, 
stakeholders, 
managers 

Qualitative assessment of 
scenarios 

Qualitative knowledge to inform on 
potential effort reallocation + new 
scenarios tested to simulate various 
option of reallocation based on 
stakeholders knowledge 

 431 

 432 

The protocol follows the main steps identified for bio-economic impact assessment of scenarios as 433 
described in STECF (2017).  434 

4.2. Application to the three case studies 435 

This section presents the main results on lessons learnt from the application work. They address 436 
relevance and usefulness of the partnership DSF developed and applied with regards to objectives 437 
identified. For some issues this intersects with the five dimensions framework developed by Boleman 438 
et al. (2018) to evaluate the appropriateness of a given Decision Support System (DSS) according to 439 
identification and engagement of stakeholders, utilization of the DSS, objective setting, data and 440 
outcomes of the DSS. 441 

The same protocol was applied to each of the case studies with, nevertheless, some adaptations to 442 
the available data and scenarios tested. Data processing methods were developed based on existing 443 
databases and applied in the different case studies, including the data-poor Mediterranean context. 444 
It was possible to adapt methods to data availability and formats. The main results are presented in 445 
table 3, following the main steps of the protocol developed. In particular, the table presents the 446 
stakeholders engaged in the framework, scenarios selected, type of results obtained and effective 447 
use of the DSF in a decision-support context.  The role of technical protocols and partnership 448 
engagement in developing a DSF for fisheries management was highlighted by the implementation of 449 
the protocol in the three case studies.  450 

Protocols developed were proven to tackle the main objectives identified regarding the ability to 451 
provide bio-economic assessment of scenarios of interest within a collaborative process, over a short 452 
time and using up-to-date data. Time and human resources needed to provide integrated assessment 453 
of options were low thanks to the data processing and calibration methods developed. The main core 454 
of the tools was developed during the first two years of the project. The key step requiring time and 455 
human resources (including stakeholders and managers) was the definition of the fisheries 456 
concerned by management options in terms of selection of fleets and species to be modelled. For 457 
calibrated applications, running bio-economic assessment of new scenarios was made possible 458 
within one-week working groups, thus providing the tools and methods to go beyond the usual 459 
biological advice. For scenarios already tested, real time simulations were made possible even if 460 
these were not tested in the project. New regional applications still require time and resources, 461 
mainly to develop the collaborative approach at the case-study level to co-define the system to 462 
represent and the management issues to be addressed.  463 

Data processing methods were considered crucial in making the process more operational and 464 
transparent, to provide the most complete and updated representation of the fishery. They greatly 465 
increased the ability to provide results in a relatively short timeframe and the standardization and 466 
repeatability of methods for impact assessment, thus improving the decision-support process. 467 
Application of the processing methods and visualization of the description of the fisheries system 468 
enabled stakeholders to validate the scientific data used. It also led to the inclusion of their expert 469 
knowledge in the description. Resulting up-dated bio-economic description of the fisheries was a 470 
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useful joint product of the approach. Specifications chosen for the model and its ability to adapt to 471 
different case studies and management issues were also tested in the application to the case studies. 472 
In the Bay of Saint-Brieuc, the management issues at stake led to ecological processes being taken 473 
into account in the biological model and to the inclusion of control processes. In the Bay of Biscay, 474 
the framework was first applied to the sole fishery, then to the demersal fishery context including 475 
mixed sole, Nephrops and hake fisheries, which required the data and model dimensions to be 476 
updated. The recent move from MSY targets to MSY ranges in the European management context 477 
and political agenda for impact assessment also created conditions in which the ability of the model 478 
to adjust the management variables could be tested. This led to substantial modifications to the 479 
modelling framework that were completed within a limited period.  The partnership approach that 480 
had been developed and the knowledge of this case study were useful in this context to adapt the 481 
framework and use the background information co-created over the years. Fisher behaviour 482 
assumptions were also adjusted to account for expert knowledge on possible effort reallocation 483 
(table 3). 484 

 485 

Table 3: Results of the implementation of the partnership decision support framework in the three 486 
case studies 487 

 488 

Fishery(ies) Bay of Saint-Brieuc scallop 
fishery in the Channel 

Demersal fisheries in the Bay 
of Biscay 

Hake fishery in the 
Mediterranean Gulf of Lion 

Key actors involved in the 
partnership 

Local fishermen 
representatives (from 2 local 
committees) and French 
Administration 

European South-Western 
Advisory Council, Producers 
Organizations, national 
fishermen Committee, French 
Administration 

Local fishermen 
representatives and French 
Administration 

Modes of identification of the 
institutional context and the 
management issues 

Partnership and surveys with 
fishermen 

Partnership –focus groups Partnership and surveys with 
fishermen 

Management issues 
highlighted in partnership 

Effort regulation and control, 
impact of the invasive species 
Crepidula Fornicata on Scallops 
harvesting 

Management plans towards 
MSY and quota 

MSY transition and temporal 
closures 

Model specificities Includes processes to account 
for impact on stock dynamic of 
the invasive species and 
control  

Standard version  
 

Standard version 

Scenarios tested Variations of the number of 
vessels and / or variations of 
the number of days at sea  

MSY transition pathways for 
sole with adjustment of fishing 
effort or capacity : 
• Scenarios of gradual 

decrease in fishing 
mortality until reaching 
the MSY with different 
timetables; 

• Scenarios of constant 
Total Allowable Catches 
(TACs) for sole 

• Scenarios of adjustment 
of the capacities 
according to various 
weighting factors 
(correlated with 
contribution to fishing 
mortality) and various 
objectives (maximizing 
employment or profit)  

MSY transition pathways for 
hake with adjustment of fishing 
effort or capacity and temporal 
closures: 
•  Scenario  of one month 

closure of the fishery for 
the French hake trawlers; 

• Scenario of transition to 
MSY for hake with a 
gradual decrease in the 
number of days at sea per 
vessel per fleet, or in the 
number of vessels per fleet 
by 5 %, 10 %, 15 % per year  

Description of the fishery  Partnership validation of the 
fishery description elaborated 
by using existing data and 
typology. 

New typology co-created in 
partnership  
Partnership validation of the 
fishery description using 
existing data and ad hoc 
typology 

Partnership validation of the 
fishery description elaborated 
by using existing data and the 
new typology developed for 
Mediterranean French 
fisheries 
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Types of results Fishery description + bio-
economic assessment of the 
scenarios selected8  
 

Fishery description + + bio-
economic assessment of the 
scenarios selected + 
quantitative and qualitative 
analysis with the stakeholders 
of the fishing reallocation 
possibilities according to 
fishing possibilities 
availabilities and technical 
constraints. 

Fishery description + bio-
economic assessment of the 
scenarios selected 

Use of the DSF Local - project National requests and STECF 
(2011, 2015) 

National requests + 
presentations to GFCM and 
Mediterranean Advisory 
Council 

Status of application  none Pursuit of developments and 
partnership for multi-annual 
management plan in the 
western waters 

Current update of the model 

Significance of the demand for 
impact assessment 

Low at the local and national 
level for a resource already 
highly regulated at the local 
level 

High at European and national 
level in the context of 
management plans and quota 
negotiation 

Medium at national level for 
Mediterranean management 
plans and at Mediterranean 
level in GFCM and STECF 
context 

 489 

 490 

Development of the partnership approach in the three case studies was found to have an important 491 
added-value in creating suitable conditions for sharing and integrating scientific and empirical 492 
knowledge from stakeholders. This was particularly useful for building a common representation of 493 
the fisheries concerned by the management system in question. This also helped to better align 494 
scientific development timelines with the political agenda and needs of impact assessment, 495 
particularly in the Bay of Biscay, where there was a strong demand related to the management plan 496 
context. The collaborative approach also permitted the joint definition of prospective scenarios and 497 
alternative options to explore. In the Bay of Biscay case study, the partnership approach was further 498 
developed and provided interesting collaborations in terms of typology co-creation, management 499 
options and complementarity of the results with qualitative information on effort reallocation. 500 
Alternative strategies for transition to MSY have been proposed by the fishing industry, including 501 
different weighting rules for the decrease of fleet capacity or fishing effort according to alternative 502 
objectives of profit maximization, employment maximization or effort reduction minimization. 503 
Another benefit was that participation may help to narrow the definition of model dimensions to be 504 
incorporated (number of fleets, species, time steps, spatial resolution) and to validate the fisheries 505 
dynamics and behaviours to include. Participation of the fishing industry and managers was also 506 
important in results interpretation and qualification. Finally, qualitative translation of quantitative 507 
results or exploration of the ways to visualize results is important for improving the usefulness and 508 
use of results by decision-makers. Over time, the process also developed a common language and 509 
vastly improved the capacities and skills of the fishing industry and managers to understand bio-510 
economic approaches, assumptions and results, thus increasing their potential trust and buy-in for 511 
decision making. The adoption of a case-study problem-based approach oriented towards pragmatic 512 
management questions was found to be a key factor for stakeholder’s commitment. 513 

The main differences observed between the case studies concerned the effective demand for and 514 
use of the developed DSF to inform decision. The demand in the different case studies was strongly 515 
linked to the existence of a political agenda for new regulations and to the obligation at EU level for a 516 
new regulation to correspond with the impact assessment process. 517 

                                                           
8 See Macher et al. (2011) for details on bio-economic assessment of scenarios in each case studies and synthetic figures representing 
trade-offs between biological, and socio-economic dimensions in alternative scenarios also represented in supplementary material 2.  
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In the Bay of Saint-Brieuc, the bio-economic results were presented to stakeholders and to DFSA but 518 
remained unused for management. This was related to the national context where the demand for 519 
such assessment was low, given the context of an already strongly managed fishery and its good bio-520 
economic performances. This was also linked to the relative homogeneity of the fishery and the 521 
management in place, where distributional issues between fleet segments were not at stake. In the 522 
Gulf of Lion, the outputs of the simulation of transition to MSY for hake were used for national 523 
requests and presented at the GFCM and at a MEDAC (Mediterranean Advisory Council) workshop. 524 
The approach is currently being updated in Seaviews, a Belmont Forum research project. It will be 525 
used for impact assessment of multiannual management plans currently being defined, which 526 
highlight important issues regarding interactions between small-scale fisheries and trawlers, the 527 
shared stocks/area between Spain and France and the economic viability of trawlers. In the Bay of 528 
Biscay, the partnership was first developed in the context of the implementation of a management 529 
plan for sole that initiated demands from stakeholders and managers for information and 530 
comparison among different pathways and time schedules towards MSY. The results were used for 531 
sole in 2011 (STECF, 2011) on the basis of recommendations made during a scoping meeting and 532 
stakeholder consultations (STECF, 2010). The prospect of the implementation of the multiannual 533 
management plan provided in the new CFP and the need to support quota decisions then generated 534 
high demand and interest from managers and stakeholders for scientific bases to help in designing a 535 
plan and HCR in the high valued demersal fisheries of the Bay of Biscay. The partnership was pursued 536 
in the demersal fisheries case study up to 2010 in relation to the Regional Advisory Council. The 537 
partnership platform was operational for 6 years with a dynamic closely linked to stakeholders’ 538 
demands, needs and motivation to participate in the partnership, the administration’s decision to 539 
provide support for the process and the capacity of scientists to meet the demand and provide 540 
knowledge. This resulted in a time schedule matching the political agenda and the constraints of data 541 
availability. The approach and tools developed were used in this context in 2015 to conduct an 542 
impact assessment for the multiannual management of the south-western waters, including the Bay 543 
of Biscay (STECF, 2015).  544 

During this period, however, the governance of the partnership evolved from scientific leadership 545 
(2009-2011) to co-leadership between scientists and stakeholders (2012-2014) and then to 546 
stakeholder leadership in the most recent years (2015-2016), thus moving to the decision-making 547 
step. The partnership approach, which developed towards knowledge integration to highlight 548 
potential trade-offs between alternative management strategies, was useful in providing impact 549 
assessment of proposed scenarios at the STECF level. The absence of clear governance and 550 
institutionalization of the platform was however a weakness for moving forward towards more 551 
integration between decision support and the decision-making process.  552 

5. Discussion 553 

Development of integrated approaches in practical decision contexts led to the need to identify and 554 
tackle the challenges of operational decision support in terms of both technical developments for 555 
bio-economic scenario modelling and the engagement of fishing industry’s representatives and 556 
managers. The bio-economic partnership approach developed with the fishing industry and 557 
managers contributed greatly to design an operational DSF able to provide impact assessment of 558 
alternative management strategies highlighting trade-offs between biological, social and economic 559 
dimensions including distributional issues between fleet segments. Methods for data processing are 560 
now used on a regular basis for description of fleet characteristics based on the most recent data. 561 
Their use is becoming both easy and rapid. The bio-economic impact assessment model is used to 562 
explore alternative management scenarios and TAC options for national requests or in the STECF 563 
impact assessment process, and up-dating of existing regional applications of the model can be done 564 
within a short time.  565 
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It was not possible to assess the use of the DSF results in decisions in the European context of 566 
negotiation, which is a major limitation preventing the assessment of DSF outcomes for management 567 
and its efficiency in contributing towards management objectives. At EU level, separation between 568 
decision-support and decision-making processes and the important process of negotiation increase 569 
the importance and need to examine the information flow between the two spheres: between 570 
science and policy, as underlined in Soomai (2017). Documentation of this flow and in particular of 571 
the use made in the decision process of integrated scientific advice, produced for example at STECF 572 
level, would be an interesting research direction. This would contribute to improving the decision-573 
support process. Opportunities for the mobility of scientists to decision-making institutions (trans-574 
discipline mobility) also contribute towards this objective. Exploring the use made from scientific 575 
adive would nevertheless imply transparency about the true role of science in the decision-making 576 
process and making decisions themselves more transparent. 577 

 578 
The approach developed nevertheless constitutes a step forward in the partnership approach to 579 
decision support in Europe and proposes an innovative collaborative process to build and implement 580 
a shared DSF that has been used in the decision-support process. The collaborative partnership 581 
platform that assembled scientists from several disciplines, representatives of the fishing industry 582 
and managers was pivotal for scoping objectives and management options, sharing management 583 
issues and fishery status, identifying needs for knowledge and the scenarios to explore, and co-584 
creating knowledge for impact assessment to support decision making. The problem-oriented 585 
approach strongly related to management issues guaranteed stakeholder interest and alignment of 586 
the technical developments with real-world questions. It made it possible to stay close to operational 587 
management problems and to guarantee the usefulness of the DSF outcomes by co-defining 588 
scenarios to test and integrating empirical and scientific knowledge in the impact assessment of 589 
options. It also developed mutual trust and understanding that should ensure usefulness and use of 590 
the resulting science-based advice. The work done in partnership enabled capacity building and 591 
improvement of knowledge and skills of each group and tended to add legitimacy to methods 592 
developed in this context, as also underlined by Hartley and Robertson (2006), Bergöfer et al. (2008) 593 
or Röckman et al. (2017), who highlight the efficiency of partnership in increasing the salience and 594 
credibility of science. The new CFP, with multiannual management plans and the increasing demand 595 
for integrated advice in TAC negotiations caused a shift from biological advice towards more 596 
integrated advice including socio-economic considerations. In consequence, it created strong 597 
incentives for the fisheries industry to become actors of the decision-support process. More 598 
generally, this can also explain the increasing role of science in the decision process and increasing 599 
participation of the fishing industry in fisheries research and management decision making.   600 
 601 
The time needed to update data and calibrate models, even if shortened, remains a key step in the 602 
process, which requires time and resources. This is particularly so for unexplored case studies where 603 
expertise on the definition and issues of the fishery are still unknown and remains a major challenge 604 
for the improvement of decision-support processes. Perspectives of improvements exist in the 605 
organization and integration of knowledge into updated databases and in the development of pre-606 
processing tools for these databases. Recent improvements in the observation of fisheries systems 607 
(resources, uses and governance) now offer perspectives for technical improvements regarding the 608 
structuring of bio-economic databases and the development of calibration methods based on 609 
existing data. This could make the use and updating of complex integrated models possible and could 610 
help in providing decision support within the limited timeframe required by management issues. The 611 
framework developed and applied to French case studies highlights that there is room for sharing 612 
and improving common protocols and methods among developers in a multi-model approach, which 613 
has become a reality at EU level. The initial idea to develop one unique bio-economic tool for impact 614 
assessment failed, as model operation requires skills and practice and the best models remain the 615 
ones developed by those needing to apply them. In this context, development of common methods 616 
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for input parameter calculation based on shared databases integrating biological and economic data 617 
and made available to scientists (at EU level for example) would be a key step for improvement and 618 
model consistency. This would also question the choice of fisher behaviours assumptions which can 619 
significantly modify economic consequences. This creates possibilities for interested groups to use 620 
the DSF to advance their own interests by using alternative assumptions impacting the results. 621 
Common visualization procedures for outputs would also make multi-model output more consistent 622 
and comparable. An interesting perspective is therefore to define standardized protocols for model 623 
utilisation (setting scenarios and options to be tested for recurrent assessment and agreeing upon 624 
assumptions for simulations and output indicators expected) and common standards for the use and 625 
visualisation of outputs provided to managers. Development of flexible/adaptable tools able to adopt 626 
the right level of complexity appeared to be also one of the criteria for successful and effective 627 
interaction with stakeholders. The project demonstrated the importance of pursuing efforts to 628 
improve interactions between scientists and stakeholders. Technical advances and new modelling 629 
tools and interfaces should provide new opportunities for stakeholder knowledge to be used in the 630 
co-creation and scaling with scientists of modelling systems with coherent spatial and temporal 631 
dimensions in line with practical management issues. This should also help in providing technical 632 
support for visualization and communication of results and would contribute to enhancing scientific 633 
salience. On this issue, strong decision makers (end-users) engagement, particularly in the 634 
development phase should ensure the appropriateness of the DSF developed for their needs and 635 
favour buy-in for decision making. In the three case studies, the development of the DSF lacked clear 636 
definition by the end-users of the information used for decision making. A better understanding of 637 
the need of decision support and of the way to present and compute results for a better uptake of 638 
science in decisions is a major issue.  639 

Stronger involvement of decision-makers in the decision-support process would also improve the 640 
ability to overcome threats created by uncertain political agendas. This point was not addressed 641 
explicitly in the literature previously cited (Voinov and Bousquet, 2010; Voinov et al., 2016; Hamilton 642 
and al., 2015), although it appears to be of particular importance. In Europe, the decision process 643 
changed to a co-decision process between the Parliament, Council and Commission. This has 644 
particularly challenged and delayed the implementation of the new multiannual management plan 645 
defined in the new CFP. As soon as the debate on the co-decision for management plan was closed, 646 
impact assessment processes were implemented by the STECF with short deadlines defined by the 647 
political agenda to provide results (and a major change from an MSY target to ranges of MSY). This 648 
prevented proper implementation of the impact assessment process.  The scoping step was mainly 649 
technical due to time constraints, and the engagement of stakeholders in the process, as defined in 650 
the STECF protocol for impact assessment, was not fully observed. The major issues addressed were 651 
linked to the important shift in fisheries management from a unique MSY target to a range of MSY.  652 
This provides an example of how the political agenda can threaten the process and the difficulty of 653 
shaping a decision-support platform in this context. A solution enabling the political agenda to be 654 
better taken into account was included in the partnership approach designed to make agenda of 655 
each party transparent and take better account of their constraints.  656 

Active involvement of decision makers in the DSF design and process should also prevent the use of 657 
simple proxies instead of more integrated and detailed approaches that require more resources and 658 
time. Time for scientific development and knowledge integration are thus challenging the quality of 659 
knowledge used for decision-making in a context of an evidence-based approach to environmental 660 
management. In this respect, scientists should devote more effort to demonstrating the added value 661 
of integrated assessments with adequate complexity and the bias of simple proxies. This should 662 
make it possible to improve alignment of the scientific implementation timeline with the political 663 
agenda, as well as to improve the information flow between decision support and the decision-664 
making process. At EU level, the need for economic assessment of the impact of alternative quota 665 
options for annual negotiations for quotas is clearly expressed. The partnership approach tends to 666 
increase trust and to legitimate integrated approaches highlighting short and long term and 667 
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biological and socio-economic trade-offs, but there is a need to improve how the pro and cons of 668 
alternative methods are weighed up. Another matter of concern is the sensitivity of results to 669 
assumptions, which should also be further explored to improve the robustness of the results 670 
obtained. The management strategy evaluation framework provides an integrated approach to tackle 671 
such uncertainty issues, although it needs to take better account of the importance of institutional 672 
arrangements and fisher’s behaviour in the operating and the implementation models (Fulton et al., 673 
2014; Bellanger et al., in press). Among other approaches to operationalize Ecosystem Based 674 
Management, the co-viability approach can also provide an interesting perspective to provide advice 675 
reconciling ecological, economic and social dimensions (see Doyen et al., 2017 and Gourguet et al., 676 
2013). Stakeholder and manager engagement in this kind of approach are currently under study.  677 

Beyond technical or methodological abilities to provide integrated and shared bio-economic advice 678 
for decisions, is the institutional question of framework application. The challenges highlighted, 679 
relating to technical issues and to the participatory process, were handled by the protocol and tools 680 
developed. However, the DSF developed was opportunistically used in the Bay of Biscay and 681 
Mediterranean case study without any institutional framework. The partnership governance of the 682 
platform was developed under changing leaderships, progressively shifting from a scientific to a 683 
stakeholder leadership where the role of science was not clear anymore. This highlighted the need 684 
for a clear definition of governance of this kind of partnership decision-support platform, and 685 
management of the temptation to engage in the decision-support process to influence decisions. The 686 
role of each of the different parties in the decision-support process should be explicitly defined and 687 
was identified as a key issue for the success of this process, as also underlined in Röckman et al. 688 
(2017) or Reed (2008) who call for institutionalized stakeholder’s participation to overcome 689 
limitations. This also pointed out the need to clearly separate decision support from decision-making 690 
processes in the context of stakeholder engagement in research to guarantee the overall benefit of 691 
the partnership decision-support process and avoid the perception that stakeholders’ involvement in 692 
decision support is equivalent to a consultation for decision making. The partnership developed in 693 
the Bay of Biscay thus experienced unclear situations in the implementation of the impact 694 
assessment process for the management plan. Engagement of stakeholders in the bio-economic 695 
partnership approach to develop the methods, provide alternative options and knowledge on their 696 
consequences was not fully differentiated from the formal scoping meeting planned in the impact 697 
assessment process. The approach demonstrated that such confusion in the roles of stakeholders 698 
and decision makers should be strictly avoided, highlighting the need for well-structured decision-699 
support processes and clear defined governance of the partnership.  700 

A clearer definition of the governance and leadership of partnership platforms and of the role each 701 
partner (decision makers, scientists, and other actors) in the triangle of interaction explored in 702 
Röckman et al. (2015) are thus required to avoid potential instrumentalization of science in the 703 
decision process.  Leadership of the decision-support platform and of the dynamics of the 704 
partnership in the long term were also identified as key questions. While building a long-term 705 
partnership is beneficial to the co-creation and integration of expert knowledge, maintaining the 706 
dynamics of this partnership and of the engagement of each of the parties can become problematic 707 
and needs to be planned for in advance. Inputs from social science on the process and lessons learnt 708 
from a larger range of case studies would help further develop practical recommendations in this 709 
area.   710 

5. Conclusion 711 

The innovative partnership DSF developed and applied in different case studies provides a relevant 712 
contribution to the operational bio-economic decision support in fisheries. Identification of the 713 
challenges and opportunities highlights the added value of integrating knowledge from scientists, 714 
stakeholders and managers. It also pointed out the continued difficultly of aligning scientific time 715 
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needed with the political timelines, which generates serious threats to the scientific quality of advice 716 
compared with more simplistic and generic approaches. Data-processing methods based on fully 717 
integrated bio-economic databases, flexibility of bio-economic model, and the partnership approach 718 
were seminal in contributing towards the operational production of bio-economic advice. Further 719 
potential developments still need to be considered in order to extend the use and appropriateness of 720 
this type of partnership DSF in support to environmental management. These concern the 721 
development of integrated databases stable for the development of data processing methods and 722 
the definition of common standards (assumptions), scenarios and options and output indicators 723 
visualization) to operate models in different regions. They also relate to the need to institutionalize 724 
the use of this type of DSF to increase transparency of decision support and the role of scientific 725 
advice in decisions. 726 
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Supplementary material – Description of IAM- 896 

Impact assessment Model for fisheries management- Model description 897 

 898 

This supplementary material provides an updated version of the description of IAM based on the 899 
working document by Merzéréaud et al. (2011)9. This document describes the modular structure 900 
and the main equations of the model. It details input parameters and calculated variables. 901 
Parameterization and implementation of simulations within an R environment are also briefly 902 
described. 903 

Note that an adaptation of the description of IAM based on Merzéraud et al., 2011 is provided in its 904 
individual-based format as online supplementary materials in Bellanger et al., 201810.  905 

 906 

4 Notations 907 

 908 
IAM is a bio-economic model in discrete time, multi-fleet or multi-vessel, multi-métier, and multi-909 
species with "age" components for the biological part, and "commercial category" components for 910 
the economic part. The parameters of the model can thus be broken down according to 7 distinct 911 
definition indices which are described in the table below: 912 
 913 

Symbols Description 

t Time  

F or v Fleet or vessel 

m métier 

m Métier) 

e species 

                                                           
9
 Merzéréaud, M., Macher, C., Bertignac, C., Frésard, M., Le Grand, C., Guyader, O., Daurès, F., and Fifas, S. 

2011. Description of the Impact Assessment bio-economic Model for fisheries management (IAM), Amure 
Electronic Publications, Working Papers Series D-29-2011, 19 pp. Available at: http://www.umr-
amure.fr/electro_doc_amure/D_29_2011.pdf. 

10
 Bellanger Manuel, Macher Claire, Merzéréaud Mathieu, Guyader Olivier, Le Grand Christelle Investigating 

trade-offs in alternative catch-share systems: an individual-based bio-economic model applied to the Bay of 
Biscay sole fishery. Canadian Journal of Fisheries and Aquatic Sciences IN PRESS. Publisher's official version : 
http://doi.org/10.1139/cjfas-2017-0075 , Open Access version : http://archimer.ifremer.fr/doc/00416/52779/  

http://doi.org/10.1139/cjfas-2017-0075
http://archimer.ifremer.fr/doc/00416/52779/
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ie age (depends on species) 

ce category (depends on species) 

Table 1 – Definition of indices used in the model description. 914 

 915 

These indices determine the structuration of R inputs objects. These objects are formatted 916 
multidimensional matrices, including all the information needed by the model to both perform 917 
calculations of output indicators, but also to ensure the robustness of implementations.  918 
This specific formatting, common to the input and output data, facilitates processing that can be 919 
applied to them. Several types of population dynamics can be applied; they are for the moment 3 in 920 
number, and are the following: 921 
 922 
- population dynamics of type XSA (by default, annual and structured by age ex: Sole 8ab) 923 
 924 
- population dynamics of type SS3 (quarterly and structured by age and cohort, ex Hake 8ab11) 925 
 926 
- SPiCT population dynamics (annual Pella-Tomlinson model) 927 
 928 
We can add to these three options the possibility of not considering biological dynamics. The 929 
productions will then be calculated on the basis of landings per unit of effort, considered or not 930 
constant over time.  931 
 932 
The implementation of each of these dynamics will require a set of specific parameters. 933 
This document presents the model equations corresponding to the case of a population dynamics of 934 
type XSA.  935 

 936 

5 Modules description 937 

1. Fishing mortality and discards survival module    938 

This module is divided into two sub-modules.  The first sub-module carries out the splitting of total 939 

mortality rate into fleets, using their ratio in catch or landings at age. The second sub-module 940 

calculates a catchability coefficient which is used in the simulation to relate the control variable 941 

« effort » to the fishing mortality applied to the stock.     942 

1.1. Sub-module Fishing mortality allocation 943 

 944 

 Initial parameters 945 

 946 

Notation Description 

                                                           
11

 Structuration by length is translated in to structuration by age based on length-age key. 
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Finie,i 

Initial fishing mortality coefficient (here, by species 

and age) 

Ce,f,m,i 
Splitting variable at a given level (here, catch by 

species, métier and age) 

Ctote,i 
Total splitting variable (must be defined at the 

crossing level of the two previous variables) 

Table 2 – Input parameters for the sub-module « fishing mortality allocation » 947 

 948 

      Calculated variable  949 

 950 

Notation Type Description Equation 

Finie,f,m,i output 
Instantaneous fishing mortality 

coefficient allocated by f,m 
ie

imfeie

imfe
Ctot

CFini
Fini

,

,,,,

,,,


  

Table 3 - Output parameters for the sub-module « fishing mortality allocation » 951 

 952 

1.1. Sub-module catchability estimation 953 

 954 

The catchability coefficient is estimated from the initial fishing mortality and corresponding fishing 955 

effort. In the simulation, fishing mortality rates are calculated from fishing effort assuming constant 956 

catchability.    957 

 Initial parameters 958 

Notation Description 

Einif,m Initial effort by fleet and métier 

Table 4 - Input parameters for the sub-module « catchability estimation » 959 

 960 

     Calculated variables 961 

Notation Type Description Equation 

qe,f,m,i Sortie 
Catchability (by species, fleet, métier and 

age) 
mf

imfe

imfe
Eini

Fini
q

,

,,,

,,,   
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Table 5 - Output parameters for the sub-module « catchability estimation » 962 

1.2. Module Fishing mortality 963 

This module uses the two methods described above. It produces fishing mortality partitioned into 964 

fleets and métier. The other category contains residual fishing mortality not accounted for by the 965 

fleet or métier considered in the analysis. 966 

 Initial parameters 967 

Notation Description 

de,f,m,I, dothe,i 

Percentage of total catch discarded in number (by 

species, fleet, métier and age) resp. by other fleets, 

species and age 

sre Survival rate of discards (by species) 

Ef,m Effort by fleet and metier 

Table 6 - Input parameters of the module « Fishing mortality » 968 

 969 

       Calculated variables 970 

Notation Type Description Equation 

Ke,f,m,i Internal 
Correcting factor of fishing mortality 

linked to discards survival  
imfeeimfe dsrK ,,,,,, .1  

Fre,f,m,i,t Output 

Fishing mortality (by species, fleet, 

métier and age, at time t). Input for 

module Catch et Population dynamics 

imfetmfimfetimfe KEqFr ,,,,,,,,,,,, ..

 

Frothe,i Output 

Initial mortality « other fleets, other 

métier » by species and age. Input for 

module Catch et Population dynamics 
).1( ,

,

0,,,,,,

iee

mf

imfeieie

dothsr

FrFFroth



 

 

Table 7-Calculated parameters for module « Fishing mortality » 971 

 972 

 973 

2. Module Population dynamics  (of XSA type) 974 

 Initial parameters 975 

Notation Description 

Ne,i,t=0 

Total number at age by species at t=0 and total 

number of recruits by species  
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et Ne,i=0,t 

Me,i Natural mortality rate by age and species 

we,i Individual Weight at age by species in the stock 

 976 

Table 8- Initial parameters for the module « Population dynamics » 977 

 978 

       Calculated variables 979 

Notation Type Description Equation 

Ze,i,t Output 

Total mortality rate (by species 

and age at time t). Input to 

module Catch. 

ie

mf

timfeietie FothFrMZ ,

,

,,,,,,,    

Ne,i,t Output 
Number at age by species at 

time t. 

tieZ

tietie eNN ,,.,,1,1,



  , et  

tietie Z

tie

Z

tietie eNeNN ,1,,, .. ,1,,,1,1,






 

 

For + group 

Be,t Output 
Total biomass by species at 

time t. 
ie

i

tiete wNB ,,,, .  

 980 

Table 9 - Calculated parameters for the module «Population dynamics   » 981 

 982 

3. Module Catch, discards and landings (based on Baranov equation)   983 

 Initial parameters 984 

Notation Description 

wDe,i 
Average weight of discarded individual by species and 

age 

wCe,i 
Average weight of individual in the catch by species 

and age 

Table 10 -  Initial parameters in the module « Catch, discards and landings  » 985 

 986 

       Calculated variables 987 

Notation Type Description Equation 
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Ce,f,m,i,t Output 

Catch in numbers (by 

species, fleet, métier and 

age over period t). 

)1( ,,

,,

,,

,,,,

,,,,
tieZ

tie

tie

timfe

timfe eN
Z

Fr
C


  

Ce,i,t Output 

Catch in numbers (by 

species and age over 

period t) 

)1( ,,

,,

,,

,

,

,,,,

,,
tieZ

tie

tie

ie

mf

timfe

tie eN
Z

FothFr

C










 

Ye,f,m,i,t Output 

Catch in weight (by 

species, fleet, métier and 

age over period t). 
timfeietimfe CwCY ,,,,,,,,,   

Ye,i,t Output 

Catch in weight (by 

species and age over 

period t). 
tieietie CwCY ,,,,,   

De,f,m,i,t Output 

Discards in weight (by 

species, fleet, métier and 

age over period t). 

timfeieimfetimfe CwDdD ,,,,,,,,,,,,  if iewD ,  

available, 

timfeimfetimfe YdD ,,,,,,,,,,,  otherwise. 

Le,f,m,i,t Output 

Landings in weight (by 

species, fleet, métier and 

age over period t). Input 

in module Market. 

timfetimfetimfe DYL ,,,,,,,,,,,,   

 988 

Table 11 – Calculated parameters for the module « Catch, discards and landings  » 989 

 990 

4. Market/price Module    991 

The market/price module has two functions: 992 

The first function is to aggregate productions by age and species into productions by grade and 993 
species according to an age-grade key matrix.  994 

The second function is to calculate the price by grade and species that can either be an input 995 
parameter or result from a price model function (of the production by grade, the importations, 996 
exportations etc.). In the second case parameters of the price model are included in the input file. 997 
The following table gives an example of price function that could be implemented in the model. 998 

 999 

 Initial parameters 1000 

Notation Description 

ce,  Constant of the price model specific to each  commercial grade c 
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ce,  Price elasticity of grade c 

ce,  Cross elasticity with other grades for grade c 

icate,i,c  Transformation Matrix for age/grade by species: Pe(c/i) 

matf,m1,m2 Correspondance métier-species-grade with métier  

Pe,f,m,(c,)t 
Mean price per species, fleet, métier, category at t. Used as an input 

for the economic module if the market module is not activated 

 1001 

Table 12 –Initial Parameters for the Price/market module 1002 

 1003 

 Calculated variables 1004 

Notation Type Description Equation 

Le,f,m,c,t Internal 
Catches in Weight (by species, 

fleet, metier, grade at t)  
)( ,,,,,,,,1,, cie

i

timfetcmfe icatLL   

Pe,c,t Output 
Mean price (by species, grade for t)  

input of the economic module )ln(

)ln(ln

,,

,,,,,

,

,,,,,,,,











ccatmf

tcatmfece

mf

tcmfececetce

L

LP





 

 1005 

Table 13 – Variables calculated for the Price/market module 1006 

 1007 

5.   Economic module   1008 

 1009 

The economic module produces indicators of performances for consumers, state and producers 1010 
including indictors for the whole fishery, by fleet, by mean vessel per fleet. 1011 

The economic module relies on input data based on data collected within the DCF12 as well as data 1012 
from the SACROIS data source which is an algorithm crossing multiple existing data sources (auction 1013 
halls, logbooks, dealer reports) to provide the best possible estimation of effort and production by 1014 
vessel at the trip level (source: IFREMER/Fisheries Information System/DPMA). Appendix VI of the 1015 
European Decision No 199/2008 gives the following list of economic variables to be collected by fleet 1016 
and member state.   1017 

                                                           
12

 COMMISSION DECISION 2008/949/EC of 6 November 2008, adopting a multiannual Community programme 
pursuant to Council Regulation (EC) No 199/2008 establishing a Community framework for the collection, 
management and use of data in the fisheries sector and support for scientific advice regarding the common 
fisheries policy. 
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Variable Group Variable 

Income 

Gross value of landings 

Income from leasing out quota or other fishing rights 

Direct subsidies 

Other income 

Personnel costs 
Wages and salaries of crew 

Imputed value of unpaid labour 

Energy costs Energy costs 

Repair and maintenance costs Repair and maintenance costs 

Other operational costs 

Variable costs 

Non-variable costs 

Lease/rental payments for quota or other fishing rights 

Capital costs Annual depreciation 

Capital value 

Value of physical capital: depreciated replacement value 

Value of physical capital: depreciated historical value 

Value of quota and other fishing rights 

Investments Investments in physical capital 

Financial position Debt/asset ratio 

Employment 

Engaged crew 

FTE National 

FTE harmonised 

Fleet 

Number 

Mean LOA 

Mean vessel's tonnage 

Mean vessel's power 

Mean age 

Effort Days at sea 
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Energy consumption 

Number of fishing enterprises/units Number of fishing enterprises/units 

Production value per species 
Value of landings per species 

Average price per species 

Table 14 – Economic and transversal variables collected within the appendix VI (EC) No 199/2008  1018 

 1019 

 1020 

The model works with a subset of the economic and transversal indicators (landings data in quantity 1021 
and value by species by fleet and metier) collected within the DCF and with other indicators from 1022 
external data sources available. Inputs parameters are listed below.  1023 

The economic module calculates outputs indicators using economic indictors listed above and 1024 
outputs from the biological and the market modules.  1025 

 1026 

 Input parameters 1027 

Notation Description 

TRANSVERSAL DATA  

nbvf Nb vessels  

ndsf Days/ Days at sea 

cnbf Employment 

GVL f, 
Income_landing/ Gross value of 

landings 

feL ,   
Landings by species and fleet, output 

from Catches module  

GVL e,f, 
Income_landing/ Gross value of 

landings by species  

If data by métier are available  

mfeL ,,  
Landings by modelled species and fleet 

/metier, output from Catches module 

GVL e,f,m 
Income_landing/ Gross value of 

landings by metier by modelled 

GVLf,m 
Income_landing/ Gross value of 

landings metier 
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ndsf,m Days/ Days at sea by fleet and métier 

DCF ECONOMIC DATA  

Fcf 
Fuelcost/ Energy costs 

Fvolf 

Fuelcons/ Energy consumption 

ovcf Varcost/ other variable costs 

repf Repcost/ Repair and maintenance costs 

Fixcf 
Fixedcost/other non variable costs 

ccwf Crew costs wages 

depf 
Depreciation costs 

 

Kf 
Capital/ insurance value of vessel as 

proxy 

Invf Investment costs by fleet 

perscf Crew costs of the fleet 

If data by métier are available  

Fcfm 
Fuelcost/ Energy costs 

Fvolfm Fuelcons/ Energy consumption 

ovcfm 
Varcost/ other variable costs 

ECONOMIC DATA FROM 

EXTERNAL SOURCES 

 

lcf Landing costs (% GR) 

nbhf 

Nb of hours at sea by year  

Harmonized reference 2000 h (250 

days at sea* 8 hours/day) 

cshrf 
Crew share (% of the Return to be 

Shared) 

mwh Net Minimum national wage  

mwhg Gross Minimum national wage 
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icf 
Interest costs/opportunity costs of 

capital 

eecf Crew costs contribution 

       1028 

Table 15 –Inputs parameters of the economic module 1029 

 1030 

 Calculated variables  1031 
Indicators of type ini are intermediate indicators calculated at the beginning from the input data and 1032 
used in the model after to calculate the output indicators. Indicators denoted 1 in the last column 1033 
can be calculated only with DCF data, indicators denoted 2 requires external data sources that are 1034 
not available in all the cases.  1035 

 1036 

Notation Type Description Equation  

Indicators ini 

GVLothsf, Ini GR other species by fleet  
e

feff GVLGVLGVLoths ,   

GVLothsuef Ini 

GR other species by fleet 

and unit of effort in case 

uef=uefm 
f

f

f
ue

GVLoths
GVLothsue   

 

GVLothsuef Ini 

GR other species by fleet 

and unit of effort in case 

Cas uef<>uefm 
)( ,



m

mff

f

f
ueue

GVLoths
GVLothsue  

 

If data by métier are available 

GVLothsf,m Ini 
GR other species by fleet 

métier 


e

mfemfmf GVLGVLGVLoths ,,,,   

GVLothsuef,m Ini 
GR other species by fleet 

and unit of effort métier 
mf

mf

mf
ue

GVLoths
GVLothsue

,

,

,   
 

GVLothmetf Ini GR other métiers by fleet 
m

mfff GVLGVLGVLothmet ,   

GVLothmetuef Ini 
GR other métiers by fleet 

and unit of effort 


m

mff

f

f
ueue

GVLothmet
eGVLothmetu

,

 
 

 

pff Ini Fuel price euros/L 
fini

fini

f
Fvol

Fc
pf   
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Fvoluef Ini 

Fuel consumption by unit 

of effort (nb of days at 

sea) fini

fini

f
nds

Fvol
Fvolue   

 

Output indicators  

GVLf Output 
Total gross revenue by 

fleet 

a. 

ff

cfe

ce

cef

ueGVLothsue

LPGVL

*

)( ,,

,

,




 

if it is assumed that the fleet has only one 
métier  

 

b. 
)(*

)(

,

,,

,

,









m

mfff

cfe

ce

cef

ueueGVLothsue

LPGVL

 

if it is assumed that the GR other species comes 
from other metier and that there is a 
reallocation of effort when effort of the 
modelled metier decreases (requires an 
estimation of the effort by metier)  

 

c. 

f

cfe

ce

cef

GVLoths

LPGVL



 )( ,,

,

,

  

if it is assumed that the GR other species comes 
from other metier and that there is no 
reallocation of effort (requires an estimation of 
the effort by metier)  

 

 

If data by métier are available 

GVLf,m Output 
Total gross revenue by 

fleet métier mfmf

mfce

ce

cemf

ueGVLothsue

LPGVL

,,

,,,

,

,,

*

)(




  

 

 

GVLf Output 
Total gross revenue by 

fleet 

a. 
)(* ,

,









m

mfff

m

mff

ueueeGVLothmetu

GVLGVL

 

 if it is assumed that there is a reallocation of 
effort when effort of the modelled metier 
decreases  
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b. 

f

cfe

ce

cef

GVLothmet

LPGVL



 )( ,,

,

,

  

 

if it is assumed that there is no reallocation of 

effort 

Output indicators calculated regardless of métier data availability 

GVLavf Output 
Mean gross revenue by 

vessel by fleet  
f

f

f
nbv

GVL
GVLav   

 

NGVLavf Output 
Mean ret revenue by 

vessel by fleet 
)1( fff lcGVLavNGVLav   

 

rtbsf Output 
Return to be shared by 

vessel by fleet 
f

fffff

ovc

ndsFvoluepfGVLavrtbs



 ..
 

 

gvaf Output 
Gross Value Added by 

vessel by fleet  
fff

fffff

Fixcrepovc

ndsFvoluepfGVLavgva



 ..
 

 

gcff Output 
Gross Cash Flow or gross 

profit by vessel by fleet  

ff

ffff

fffff

ccwgva

ccwFixcrepovc

ndsFvoluepfGVLavgcf





 ..

 

 

ncff Output 
Net Cash Flow by vessel 

by fleet  
fff depgcfncf   

 

npf Output 
Net Profit by vessel by 

fleet or Owner surplus 
fff icngcfnp   

 

ROFTAf Output 
Rate of return on Fixed 

Tangible asset 
f

f

f
K

ncf
ROFTA   

 

ROIf output Return on Investment 
f

ff

f
inv

Invgcf
ROI


  

 

If crew share unavailable  

Ccw_rf Ini 

Crew costs share as a % 
of the RTBS  

 

IniovcndsFvoluepfGVLav

IniCcw

Inirtbs

IniCcw
rCcw

ffff

f

f

f

f

)..(

_





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Ccwf Output Crew costs 

)..(*

_

*_

ffff

f

fff

ovcndsFvoluepfGVLav

rCcw

rtbsrCcwCcw







 

 

CcwCrf Output 
Crew costs by crew 

member  
f

f

f
cnb

Ccw
Ccw  

f
 

 

If crew share available 

operscf Ini 

Other crew costs = 

vacation, employer 

contribution, premium  IniovcndsFvoluepfGVLav

cshrIniCcw

InirtbscshrIniCcwopersc

ffff

ff

ffff

)..(*

*







 

 

Ccwf Output Crew costs ffff operscrtbscshrCcw  *   

CcwCrf Output 
Crew costs by crew 

member 
f

f

f
cnb

Ccw
Ccw  

f
 

 

sshrf Output 
Owner share  by vessel 

by fleet 
)1( fff cshrrtbssshr   

 

cshrTf Output 
Crew share by vessel by 

fleet 
fff rtbscshrcshrT   

 

wagegf Output 

Gross wage by crew 

member including crew 

contributions  f

f

f
cnb

cshrT
wageg   

 

Surplus calculation 

csgf Output 
Gross Labour surplus by 

fleet 
fff occshrcsg lg  

 

oclgf Output 
Opportunity costs of 

Labour by fleet 
fff nbhcnbmwhgocl   

 

psgf Sortie 
Total producer surplus by 

fleet (gross value) 
)( ffff gpcsgnbvpsg    

 

ncshrf Output Net crew share by fleet 
fff eeccshrTncshr   

 

 

wagenf Output 
Net wage by crew 

member  
f

f

f
cnb

ncshr
wagen   
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csf Sortie Labour surplus by fleet fff oclncshrcs    

oclf Sortie 
Net Opportunity costs of 

Labour by fleet 
fff nbhcnbnmwhocl   

 

psf Sortie 
Total producer surplus by 

fleet 
)( ffff gpcsnbvps   

 

If landings costs available 

stsf Sortie 
State surplus associated 

to one fleet ffff nbvGVLavlcsts   
 

 

 1037 

Table 16 – Output variables of the economic module  1038 

 1039 

Economic indicators can be calculated: 1040 

- by mean vessel by fleet 1041 
- by fleet  1042 
- for the whole fishery  1043 

to analyze impacts of scenarios on the individual performances of vessels, the performances of the 1044 
fleets or the whole performances of the fishery.  1045 

Other output indicators derived from the outputs described (e.g. ratio outputs) are available or can 1046 
be created for the analyses. 1047 

Cost-benefit analyses of scenarios are evaluated through the total surplus variation (producer, 1048 
consumer, and state surplus variation) of the scenario compared to status quo in term of net present 1049 
value. Sensitivity to discount rate can be analysed.  1050 

Note that several options have been added to calculate the crew costs according to the 1051 
remuneration system based on share system or fixed wages. They are not detailed in this document. 1052 
See Guillen et al., 201513 and 201714 for more development on this aspect.  1053 

6. Scenarios and management module 1054 

Control variables of the model are: 1055 

- The exploitation pattern through a selectivity factor 1056 
- The fishing effort through variations of the activity by vessel (number of days at sea) or of 1057 

the number of vessels by fleet 1058 
- The TAC through the variation of activity and number of vessels such that the TAC is 1059 

reached according to the stock abundance 1060 
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- A Fishing mortality objective reached through time step decrease of number of days at 1061 
sea or of number of vessels  1062 

Besides, all the input parameters can be modified through various scenarios at any time of the 1063 
simulation. It is thus possible to test for example the impacts of evolution of : 1064 

- fuel price  1065 
- number of vessels by fleet  1066 
- ex-vessels prices 1067 
- … 1068 
 1069 

 1070 

7. Stochasticity module  1071 

For each variable of the model, this module can specify a probability law to take into account of 1072 
uncertainties in the model.  1073 

 1074 

8. Behaviour module 1075 

This module is designed to include short and long term behaviours of investment/disinvestment, 1076 
discarding, effort allocation, compliance, etc.  1077 

Long term behaviours concerns fleet dynamics of investment/disinvestment according to profit. 1078 

Following options can be modelled and compared in the model: 1079 

• Constant number of vessels 1080 

• Capacity adjustment of number of vessels in the fishery according to different weighting 1081 

• fleet dynamics of entry/exit according to profit (investment if positive profit, exit from fishery 1082 

according to capital malleability Garcia et al., 2012) or decommissioning schemes (Guyader 1083 

et al 2004) as described in Bellanger et al., 2018. 1084 

 1085 

Short term behaviours concerns effort adjustment to quota constraints or reallocation by metier. 1086 

Three alternative behaviours can be considered under multi-species and quotas constraints: 1087 

 lowest quota behaviors assuming that fleets stop fishing when the first quota 1088 

is reached (assumption of full observation of the landing obligation) 1089 

(reallocation of the effort of the fleet among métiers according to habits 1090 

and/or profitability can be an additional option in this configuration) 1091 

 highest quota behavior assuming that fleets keep fishing until the last quota 1092 

is consumed and discards over-consumption of quotas 1093 

 maximum profit behavior under Tac constraints  1094 

 1095 

Fishing effort is the main driver used by behaviour model to impact on fishing activity within : 1096 

- different levers / components of effort : 1097 

• effort per vessel : nb days at sea, fishing time (mean trip duration, nb 1098 

of trips),… 1099 
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• nb of vessels 1100 

- different targets (and ways to reach them) : 1101 

• TAC or/then F (uni or multidimensional) 1102 

• Non transferable individual quotas (multi) 1103 

• MSY ranges / reconciliation (iterated uni or multi) 1104 

• Profit maximization under ITQ system (multi) 1105 

• … and other applications 1106 

 1107 

- different kind of impacts on effort: 1108 

• Uniform adjustment of effort per fleet/métier targeting species  1109 

• Weighted adjustment of effort per fleet/métier (according to contribution to species 1110 

landings for example or according to marginal profits and habits(Marchal et al 1111 

2009,2013)) 1112 

• Multi-dimensional resolution (profit maximisation, profit-tradition, …) :  1113 

 1114 

6 Parameterization and R package 1115 

A special effort has been made to ensure that the IAM model has a relatively simple 1116 
parameterization system to approach, despite the diversity of inputs that a multi-specific, multi-fleet 1117 
and multi-metier bioeconomic model induces. For this, it was agreed that the input data of the 1118 
model would be contained in an Excel file of extension ".xls", having a specific structure, and 1119 
readable by an import procedure integrated into the tool.  1120 
The input file consists of the following sheets: a "Stock" sheet per model species, a "fleet" sheet per 1121 
modeled fleet, a “market” sheet containing the price or parameters of the market module by species, 1122 
sheets containing the conversion tables (matrix age-category, métier bio-métier éco), a "Scenarii" 1123 
sheet and a leaflet "Stochasticity". The options of use of the model are specified separately at the 1124 
launch of the simulations. 1125 
Fleets and market sheets are created from data processing methods connected to exiting databases 1126 
for french fleets. They can be integrated to the R input object directly from csv files.  1127 
 1128 
The bio-economic IAM model has been developed with the aim of being usable in an R environment. 1129 
The tool is thus accessible via an R package integrating a set of methods covering all stages of the 1130 
modeling, from the parameterization phase to the output of the model. Several methods including 1131 
methods for input import (IAM input), simulation setting (IAM.args) or output formatting into 1132 
data.frame for graphical representation (Iam.format) have been developed as part of the Package.  1133 
 1134 

 1135 

 1136 
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Supplementary material 2 : Example of synthetic figures illustrating trade-offs between multi-criteria 1137 
dimensions for scenarios tested in the three case studies 1138 
 1139 
Figure a. Synthetic representation of multi-criteria impacts of scenarios tested in the Bay of Saint-1140 
Brieuc scallop fishery  1141 
 1142 

 1143 
 1144 

 1145 
 1146 
 1147 
 1148 
Figure b. Synthetic representation of multi-criteria impacts of scenarios tested in the Sole fishery in 1149 
the Bay of Biscay 1150 
 1151 
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 1153 

 1154 
 1155 
 1156 
Figure c. Synthetic representation of multi-criteria impacts of scenarios tested in the Hake fishery in 1157 
the gulf of Lion 1158 
 1159 
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