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1.
Introduction, background and scope
Fisheries management is basically about balancing conflicting objectives. Evaluating the trade-off between different objectives with different time horizons is therefore central to management decisions, and the established management evaluation framework should be able to inform the management decision process in this respect. However, informative comparison of outcomes for different objectives will require that the framework is able to analyse disparate and alternative types of outcome, and that results can be communicated.

The aim of the project is to guide fisheries managers and different stakeholders, including the catching sector, in their capability to make strategic choices. Hence, the project aim to provide outputs that enable to compare alternative options, e.g. in terms of stocks and economic returns for fleets and the industry, but it is not aimed at providing absolute performance measures and predictions for each option to address e.g. the questions:  which strategy is likely to give better returns relative to objectives than another strategy? The management evaluation framework can answer “What if ? Questions” like if one fishery is reduced compared to another fishery or if the growth dynamics in a stock changes from a to b - what then? However, given the complexity of the ecosystems and fisheries systems evaluated the framework can not include all dynamics in the system, and as such the predictive power is limited. It is difficult to determine the prediction power of the framework and this will always be a case specific consideration. The output of the evaluation framework is in the best case of the nature: “It is likely that management regime A gives a better performance than management regime B” with respect to a selected “Measure of Performance.” It is in general necessary to be careful with using the models and tools in the evaluation framework as robust predictive tools given the complexity of the systems they are trying to comprehend, and the output from the models should not be used to absolutely quantify complex scenarios un-critically. 
The objectives and contents of this technical evaluation report is to give an overview description of the technical facilities, capabilities and utilities of the technical evaluation facets in the framework including uncertainty and error assessment, sensitivity analysis, and risk analysis/assessment of the established fisheries management evaluation framework as well as its predictive power. 

The technical evaluation is a part of the overall evaluation of the established management evaluation framework where the “Overall Evaluation” include both the “Process Evaluation” and the “Technical Evaluation.” 
The “Process Evaluation” is described in other reports including the EFIMAS Conference Summary Report as well as the Stakeholder Focus Group and Interview Reports produced under the EFIMAS Project (WP5 in cyclic feed-back with WP3-WP4). The process evaluation focus on participatory management and evaluation through cyclic feed-back from stakeholders in relation to output and results produced by simulations and modelling under the management evaluation framework when running different scenarios of management as well as running different options for input to the scenario-evaluation which can be changed by the stakeholders.    

The “Overall Evaluation” includes testing the general utility of the developed operational management evaluation framework through:
· Iterative and cyclic process between WP3, WP4 and WP5 including feedback from regional workshops

· Evaluation of the efficiency of the evaluation framework to capture changes in the fisheries systems
· Applicability in other stocks / fisheries (general utility evaluation)
A part of the “Overall Evaluation” covers the technical evaluation, where there are implicit and build-in-facilities, capabilities and utilities of the established management evaluation framework(s) to perform the technical evaluation which among other include the following: 

Technical Tool Evaluation:
· Evaluation of uncertainty and errors

· Evaluations carried out on sensitivity, robustness, predictive power and limitations in use and set-up of the models and tools in the framework
Sensitivity analyses

Evaluation of robustness

Evaluation of predictive power

Evaluation of limitations in use and set-up

· The codes of evaluation tools are proof-read and tested by alternative coding in critical cases.

· Real and simulated data sets are compiled representing a wide range of data properties, system characteristics and different hypothesis about the underlying processes.

· Sensitivity tests are performed and the robustness of the evaluation framework and descriptive models are evaluated by using them on basis of these diverse data sets.

The technical evaluation include rigorous tests of the technical validity of the model implementa​tion, sensitivity tests and the robustness in relation to data error and to assumptions about the resource system, the fisheries and management implementation. The technical evaluation also evaluates the utility in terms of the technical requirements for set-up and use of the evaluation framework which needs to be done on case specific basis. Examples of the technical evaluation are given on case specific basis and presented under the individual case studies (see EFIMAS DocuWiki as well as the EFIMAS WP4 Technical Reports)..

The Technical Evaluation is described in a special section under WP3 at the EFIMAS DocuWiki (http://wiki.difres.dk/efimas​/doku​.php​?id​=​​efimas​1:​wp3​:​main) as well as under the section WP 5.1 at the DocuWiki ((http://wiki.difres.dk/efimas/doku.​php?​id=efimas1:​​wp5:​main) in respect of this report, as well as in the Technical Reports associated to WP3 (e.g. Deliverable 3.4, Report of Final Software Package with Documentation). Consequently, this constitutes the general structure, content and ideology of the technical evaluation capability and facilities of the established generic management evaluation framework under the EFIMAS project. Furthermore, the technical evaluation is described in detail on case specific basis in the technical evaluation associated to each case study in Deliverable 4.2, 3.4 and at the EFIMAS DocuWiki under WP4 (http://wiki.difres.dk/efimas/doku.php?id=efimas1​:wp4:general​:main. As such Deliverable 5.2 Technical Evaluation Reports is included in the above reporting and deliverables also. Deliverable 5.2 is reflecting task 5.1, The Technical/Parametric Evaluation, which is covered under Deliverable 3.3, 3.4 and 4.2 (by project month 48) with respect to describing how to evaluate uncertainty, sensitivity, robustness, and to perform risk analysis within the established management evaluation framework(s). 

Besides this summary EFIMAS has in cooperation with other projects produced additional technical reporting in two more detailed descriptions of the technical evaluation facilities of the established framework(s). Thus, more details and facets of the technical evaluation facilities of the established framework(s) are comprehensively described in the present report: 
EFIMAS 2008. Technical Evaluation Summary Report. EFIMAS EU SSP8-CT-2003-502516 Project Report, September 2008. DTU Aqua, DK. 

associated with the two following reports:

Mosqueira, I. 2008. Validation, Verifacation and Testing of software and models in FLR. Report CEFAS, UK, September 2008: 6 pp. 

Sparre, P. J. 2008a. User’s Manual for the EXCEL Application “TEMAS” or “Evaluation Frame”. DTU-Aqua Report 190-08: 182 pp. ISBN 978-87-7481-077-3. 

as well as through the WP3 Technical Report and the case specific technical evaluation through case studies in the WP4 Technical Report by Month 48 (as well as at EFIMAS WP3 and WP4 DocuWiki pages).
2. 
Error and Uncertainty Assessment

2.0
General

There are errors and uncertainty around each of the dynamic processes and boxes shown in the below conceptual box flow diagram of the fisheries management system which the established fisheries management evaluation framework(s) attempt to comprehend:


[image: image1]
The established fisheries management evaluation tools do take account of the dynamics in the fisheries systems, as well as of uncertainties and errors, and they include facets for performing sensitivity analysis and risk assessments. The overall approach uses stochastic simulation techniques. These cover the full scope of the fisheries system from the fish resources, through data collection, assessment and management, and the response of the system to management. The simulation framework and modelling tools comprehends not only fish stock dynamics and biology but also fisheries and fleet dynamics and bio-economic aspects of fleets, fisheries and industry. As such, the operating models of the evaluation framework(s) attempt to comprehend and simulate the full system and its dynamics both biologically, economically and sociologically.

The input data to the management system are generated by descriptive models or tools, which are assumed to represent the “true / real” system. The input data are then processed by a traditional assessment model, or by an alternative assessment model, which is used to generate management advice.  By simulating the effect that the resultant management actions would have on the ”true / real” system it is possible to generate a range of performance measures, covering the resource and the fishery. These “Measures of Performance” can then be compared across different assessment models and management approaches (management options) within a scenario evaluation of alternatives. 

The knowledge production model include data sampling, measurement, data analysis, parameter estimation, stock assessment and fleet / fishery assessment, dynamic biological and technical-economical processes in relation to stocks and fleets, etc. The evaluation framework and models/tools used are conditioned (or calibrated) to existing knowledge. The management decision model or the management procedure allow for different management strategies or options to be applied. The implementation of the management strategies and options considers different assumptions around implementation and results in different fisheries/fleet reactions and behaviour and stock response dependent on the different management actions, enforcement, and control, etc. All in all this results in different output (catches and fishing mortality) which are put into the next simulation round of several simulations generating different output. The distribution of output (i.e. the output distribution of the given Measure of Performance) from the many simulations produces uncertainty distributions and error estimates for each of the processes. 
Similarly, change of parameters produces “Sensitivity Analysis” and “Risk Analysis/Assessment” also through the simulation process.   

In relation to FLR the management evaluation framework is capable of estimating error and uncertainty around each of the processes and dynamics related to each of the boxes in the conceptual box flow diagram translated into the FLR conceptual box flow diagram given below: 
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Biological robustness is defined as the ability of a management strategy to absorb uncertainty and errors in the biological knowledge thereby reducing the impact of uncertainties and errors on the sustainability of the resources. Likewise, technical and economic robustness are defined as the ability of a management strategy to absorb also the uncertainty concerning the dynamics in the rest of the fisheries system knowledge including also fleets, fisheries, and land based industry areas thereby reducing the impact of uncertainties and errors on the sustainability of the fisheries and the industry.  

The main uncertainties to be considered and included in the management procedure evaluations are:

· Observation or measurement error and uncertainty

· Process error or uncertainty

· Model error and uncertainty

· Implementation error and uncertainty

· Uncertainty and error about future state of nature

The management evaluation framework takes account of both parametric as well as struc​tural uncertainty. Also, it takes account for a number of different types of “errors” in the system. An error means a “deviation from the model”, or “something that can go wrong”.
Simulation capability: There has been established a simulation evaluation framework. The software will be able to simulate the effect of errors and bias, by stochastic simulations. Stochastic simulation is simple to repeat the same calculations a large number of times, each time with new parameter-values drawn by a random number generator. The stochastic simulation requires specifications of probability distributions of those parameters which are considered stochastic variables.

The stochastic simulation module simply executes the evaluation framework a large number of times (say, 100 or 1000 times), and each time it draws parameters and initial condition variables by random number generators and executes a simulation over a series of years. The parameters of the probability distributions of parameters are given as input. At the end it retrieves the results of all 100 or 1000 simulations and converts them into, for example, frequency diagrams of the given measure of performance evaluated given the input parameters and parameter settings simulated over. The distribution of output (i.e. the output distribution of the given Measure of Performance) from the many simulations produces uncertainty distributions and error estimates for each of the processes. The evaluation framework(s) offers different types of probability distributions, e.g. normal distribution, log normal distribution, etc.
2.1
Observation or measurement error and uncertainty
The knowledge production model include data sampling, measurement, data analysis, parameter estimation, stock assessment and fleet / fishery assessment, dynamic biological and technical-economical processes in relation to stocks and fleets, etc. The evaluation framework and models/tools used are conditioned (or calibrated) to existing knowledge. 

There have been developed and further modified a long row of relevant models and analysis tools in which uncertainties about the dynamics of the system are estimated and evaluated. These models and tools inform the established management evaluation framework(s) and are build in under these in relation to the management procedure. The management evaluation framework(s) can through simulations and through analyses of different scenarios with different levels of observation and measurement error and un-certainty evaluate the impact of those in the management procedure.    

These have been developed explicitly recognising uncertainty due to:

1. Observation error and uncertainty is the data uncertainty and observation error when the collection of data is taking place; i.e. when the collection of data is taking place such as indices or CPUE data for stock biomass by fleet or fleet catch rates influenced by e.g. year effects, seasonal effects, spatial/area effects, temporal correlations, measurement errors when sampling fish from surveys or commercial fisheries, etc., etc..

2. Estimation error originates from incomplete or biased samples and arises from trying to model the dynamic process (during the stock or fleet assessment process). Consequently, it is error caused by the method used to estimate parameters, or erroneous assumptions about the data. 
3. Measurement error is errors in input data, such as catch at age data, caused by data being estimated from samples, and not from complete enumeration, i.e. they arise from sample-based estimations
2.2
Process error and uncertainty

Process error or uncertainty  is the natural variation in dynamic processes covering both biological stock based processes as well as technical and economical fleet and industry based processes, i.e. natural variation in dynamic processes such as recruitment, somatic growth, natural mortality, fleet fishing power, fleet catchability, economic processes around e.g. prices, costs, etc., etc. The un-certainty and errors in relation to the dynamic processes included in the operating models of the management evaluation framework are addressed in a long row of tools and functions presently informing and build in under the developed management evaluation framework(s). The uncertainty estimated from these models, functions and tools can dire The FLR management evaluation  The established management evaluation framework(s) can through simulations using different parameter settings and values for the different processes estimate the process un-certainty, and through scenario evaluation of different alternative settings and comparison of the output (measures of performance) the potential errors can be estimated. 
2.3
Model error and uncertainty

The operating simulation model developed is based on an understanding of the processes contri​buting to the overall performance.
Model error and uncertainty: Since the models used in the stock or fisheries/fleet assessment procedure under the established framework will never capture the full and true complexity and properties of the dynamics there will be an error and uncertainty in relation to this and the use of different alternative models; different models gives consequently different results as they capture different aspects of the complexity. This covers for example model mis-specification in relation to an inadequate model, e.g. use of a single species model to describe mixed fisheries systems. The model misspecification errors can also be caused by incomplete or wrong understandings of the mechanism behind the system dynamics. The assumed Stock/recruitment relationships may be candidates for model misspecifications. The established management evaluation framework(s) comprehend a long row of different models and functions and can through the simulation process when using alternative models estimate the model un-certainty, and can through the alternative scenario evaluation and  by comparison of the output (measures of performance) from runs with different models elucidate possible model errors.
2.4
Implementation error and uncertainty

The management decision model or the management procedure allow for different management strategies or options to be applied. The implementation of the management strategies and options considers different assumptions around implementation and results in different fisheries/fleet reactions and behaviour and stock response dependent on the different management actions, enforcement, and control, etc. 

Implementation error and uncertainty: Management actions are never implemented perfectly, and different management actions can be implemented in different ways; when implementing results from models the advice based upon modelling will never be straight forward and uniform as there will be uncertainty around the reactions to management including uncertainty about stock reaction and fishery behavioural reactions and fleet adaptations which gives different results. The errors and uncertainties arising from this is the implementation error and uncertainty. The implementation error and un-certainty are, thus, arising from management measures not having the expected effect, i.e. the errors caused by regulations not being reacted to as assumed. The fishers may find ways to implement regulations, which do not lead to the achievements of the intensions of the regulations. Different scenarios in relation to implementation errors can be evaluated under the established management evaluation framework providing information of consequences of different implementation errors, and can through conditioning of the operating models under the management implementation framework give an idea of what actual implementation error there is in the system. Furthermore, the established management evaluation framework(s) can through simulations and scenario evaluations estimate the implementation uncertainty. 
2.5
Uncertainty and error about future state of nature
Uncertainty and error about future state of nature and long term anthropogenic factors affecting it, i.e. long term changes in state of nature and long term impacts of external factors affecting state of nature, are difficult to comprehend in the models such as effects of climate change, long term anthropogenic effects of e.g. oil industry, ship traffic, etc. However, through scenario evaluation of different impacts of those effects on the stocks and fleets in question and their parameters, as well as in relation to resulting changes in management implementation for the fishery, these effects can be indirectly evaluated using the established management evaluation framework(s). Stock boundaries and precautionary sustainability levels might for example change due to climate changes. Offshore oil rigs and pipelines and offshore maritime traffic might for example occupy space affecting fishery and changing the basis of optimal fishery for certain fleets in certain areas (change from optimal to non-optimal). Closures in relation to e.g. Natura 2000 areas can potentially change the fish populations exploited (population abundance, growth, feeding biology, distribution, density patterns, etc., etc.,) or their prey organisms which will affect the resource precautionary sustainability levels on overall stock level or change the spatio-temporal resource allocation and accordingly the spatio-temporal fishing conditions in different areas and seasons of year. Also, Natura 2000 area closure can potentially in the long run directly affect fishery by exclusion of fishery in these areas as well. The changed fisheries conditions for the fisheries and the fleets induced by external factors, as well as the resulting reactions from the fishery (e.g. fishing effort re-allocation or switching to other fisheries or economical optimization within the existing fisheries) can be evaluated using the established management evaluation framework(s). Furthermore, the biological consequences for and impacts on the fish stocks of the changed external conditions together with the following and resulting changes in the fishing patterns and exploitation patterns of the resources from fishery side can be evaluated as well  . When multi-species considerations are taken into account as well in the system the indirect effects on not only exploited fish resources can be evaluated but also the effects on their predator and prey stocks and species, i.e. the full fish and fisheries system. The evaluations will give both biological and economical consequences of different scenarios, i.e. both fish and fisheries impacts on the biological ecosystem as well as on the socio-economic fisheries system. Potential economical trade off between the consequences for fisheries of the different scenarios and management options evaluated in comparison with economical consequences for other anthropogenic use and exploitation of the ecosystem can be evaluated using cross-sectoral input on consequences informing the management evaluation and simulation process. This can be done on a spatial scale evaluating different effects of occupation of space for different activities (fishery, maritime traffic, offshore and oil activities, windmill parks, closure and no activities, etc., etc.) taking into account broader ecosystem impacts such as the full fish ecosystem, different habitat types, sensitive habitats, sensitive species, etc., etc.,    
2.6
Special aspects around uncertainties in relation to economic data and functions
This section addresses un-certainties in economic data and functions covered in the EFIMAS ECONOWS Final Report (see www.efimas.org and the EFIMAS DocuWiki) and the ECONOWS workshops conducted under EFIMAS. The uncertainties relates to implementation error, process error, and observation error.
The economic components in composite bio-economic models are basically prices on fish and costs of production (input) factors. Further, the behaviour of fishermen in the way fishing effort is allocated and compliance with regulations affects the results produced by bio-economic models. The uncertainty assessment regarding economic parameters and variables can be viewed under the following headings and all three types of uncertainty applies in each of these:

a) Production functions

The production function is the central equation in a bio-economic model.
 Depending on the type of model, the production function translates inputs into outputs or vice versa. The function is subject to all three types of uncertainties both with respect to the functional form and with respect to the parameter estimates.

b) Behaviour of fishermen
The behaviour of fishermen and how can it be captured in the models is a major factor of uncertainty not least as the important issue is how fishermen will act in the future. The elements are the amount of effort exerted for a given period of time and the way this effort is allocated (or re-allocated) on fish stocks and geographical areas. From a theoretical economic point of view profit is the main determinant of effort magnitude and allocation/re-allocation. However, in reality a number of other determinants such as tradition, responsibility, lack of information, biological determinants on resource availability, etc. play a role.

c) Mixed fisheries
In most fisheries, more than one species is caught using a specific type of vessel and gear, and the species are caught in different or fixed proportions. As costs of fishing are related to the production factors in terms of vessels and gear, while earnings are related to species caught a matching problem arise with respect to restricting and distributing effort on fish stocks. The optimal effort allocation due to the optimal harvest of each stock does not match the effort produced by different fleet segments due to varying or fixed catch compositions. The weighting procedure with respect to the way effort is determined (and managed) is an implicit part of the production function that gives rise to specific uncertainties.

d) Discard
The problems and uncertainty that arise from multi-species and multi-fleet fisheries in e.g. a TAC regulation system is part of the reason for discarding. However, the share of undersized and not marketable fish is another reason and, finally, the behaviour of the fishermen is a third factor (e.g. high grading, sorting behaviour, etc.). Information about discard practices is scarce, not only because it is compulsory (legal) within the EU to discard undersized and over quota catches (in a TAC system) but also because market forces (profit) drives the fishermen’s incentives to discard. 

e) Compliance including monitoring and enforcement

When certain rules are imposed the question about compliance (and implementation error and uncertainty) arises. To mitigate non-compliance monitoring and enforcement of the rules are required, which entails that fishermen react not only to the rules but also to the way the rules are monitored and the repercussions that follows violations. Compliance is built into many bio-economic models including those under the established EFIMAS management evaluation framework(s) and all three types of uncertainty play an important role here. 

f) Price flexibility (price elasticity)

Changes in output can lead to changes in prices. The price changes and the uncertainty around those are typically found by using price flexibilities (or price elasticities). Determination of price flexibilities needs proper functional forms, data collection, conditioning and estimation. All three types of uncertainty apply here.

g) Dynamics: Interaction between fleet and stock dynamics

A major issue is the interaction between fishing fleets (activities) and fish stocks over time. Such dynamics include all of the above mentioned items. However and moreover, the fishermen’s allocation of effort over time is determined by their time preferences, often expressed as discount rates. Time preference weight future benefits and costs to present benefits and costs. A complicating factor is that society’s time preference (the social discount rate) is different from and lowers than the individuals (fisherman’s) discount rate. Different ways of applying discount rates therefore exist in combination with difficulties in estimating discount rates. Although an objective discount rate exists in theory, then in practice it is impossible to estimate. Therefore, very often conventional discount rates determined by public authorities (Treasuries) are used.  

h) Social consequences

Most bio-economic models focus on the direct effects of regulation on fishing fleets and stocks. However, other effects could be included as well. Examples could be the effect on the fish processing industry, effects on unemployment in regions with fishing activity, cross-sectoral effects (e.g. maritime traffic, offshore industry (oil and gas exploitation), etc. Obviously, this requires functional forms, data and estimations that includes the same type of uncertainty as described in the items above.
3.0 
Evaluation of robustness, sensitivity and predictive power 
The management evaluation framework(s) established under the EFIMAS Project is capable of carry out evaluation of robustness and sensitivity and possess some predictive power, however, there are limitations in the use and set-up of the framework and the models and tools hereunder in relation to predictions and predictive power. 
3.1 
Robustness and sensitivity
Biological robustness is defined as the ability of a management strategy to absorb uncertainty and errors in the biological knowledge thereby reducing the impact of uncertainties and errors on the sustainability of the resources. Likewise, technical and economic robustness are defined as the ability of a management strategy to absorb also the uncertainty concerning the dynamics in the rest of the fisheries system knowledge including also fleets, fisheries, and land based industry areas thereby reducing the impact of uncertainties and errors on the sustainability of the fisheries and the industry.  

Robustness is evaluated as a measurement of performance in relation to objectives such as the frequency of the sustainability criterion not being met. In relation to biological robustness it can for instance be evaluation of whether it is true that SSB falls below Blim more often than the accepted risk frequency. Robustness evaluation include both variance and bias in relation to data, models and implementation. Robustness in relation to uncertainty regarding the future state of nature including regime shifts can to some extent be tested with special focus on the sensitivity to e.g. changes in productivity at low stock sizes.

Robustness can be evaluated by modelling the sources of uncertainty and bias and thereby estimating uncertainties under specific assessment, decision, and implementation regimes. Data uncertainty may in some cases be estimated directly while robustness to model, implementation, and state of nature uncertainty may only be evaluated through sensitivity analysis.  

Real and simulated data sets are compiled representing a wide range of data properties, system characteristics, and different hypothesis about the underlying processes. The established evaluation framework possess the capability of performing sensitivity tests of different data input, parameter settings, etc. through scenario evaluation and stochastic simulation processes using the operating models of the established management evaluation framework as described below. The robustness of the evaluation framework and descriptive models are evaluated by using them on basis of these diverse data sets as input to the stochastic simulations. 

.

3.2
Scenario evaluation

The simulation models can been compared to flight simulators where the latter include detailed dynamic feedback processes to help pilots determine which decision-making protocols are best in the presence of a wide range of possible, but uncertain,  simulated contingencies. The simulation models established consist of operating models and management procedures. Operating models represent different hypothesis about the true underlying situation in the fish populations and their fisheries. The management procedures include processes like knowledge acquisition (sampling, assessing), decision processes (what measures are taken given our state of knowledge) and implementation (how are the measures implemented). 
The established fisheries management evaluation tools do take account of the dynamics in the fisheries systems, as well as of uncertainties and errors, and they include facets for performing sensitivity analysis and risk assessments. The overall approach uses stochastic simulation techniques. These cover the full scope of the fisheries system from the fish resources, through data collection, assessment and management, and the response of the system to management. The simulation framework and modelling tools comprehends not only fish stock dynamics and biology but also fisheries and fleet dynamics and bio-economic aspects of fleets, fisheries and industry. As such, the operating models of the evaluation framework(s) attempt to comprehend and simulate the full system and its dynamics both biologically, economically and sociologically.

The input data to the management system are generated by descriptive models or tools, which are assumed to represent the “true / real” system. The input data are then processed by a traditional assessment model, or by an alternative assessment model, which is used to generate management advice.  By simulating the effect that the resultant management actions would have on the ”true / real” system it is possible to generate a range of performance measures, covering the resource and the fishery. These “Measures of Performance” can then be compared across different assessment models and management approaches (management options) within a scenario evaluation of alternatives. 

The process evaluation focus on participatory management and evaluation through cyclic feed-back from stakeholders in relation to output and results produced by simulations and modelling under the management evaluation framework when running different scenarios of management as well as running different options for input to the scenario-evaluation which can be changed by the stakeholders.
3.3
Sensitivity and Risk Analysis and Assessment
Sensitivity analysis in the evaluation framework(s) established under EFIMAS are primarily done through scenario-evaluation and sensitivity analysis of e.g. using different parameters and parameter settings in the descriptive models and the following simulations. The assessments of the outcomes of the stochastic simulations through the operating models of the established management evaluation framework(s) will be associated with risk assessments. 
The framework can perform sensitivity analysis and risk assessments by stochastic simulation of the errors listed under section 2 based on the operating models in the framework are stochastic simulation models. The framework will through the operating model simulate collection of samples from the “true” system, which in turn will be used as input to the simulation of management. The creation of stochastic input data will be repeated a large number of times, which will allow for estimation of probability distributions of output from the management systems (the measures for system performance). These probability distributions will form the basis for the risk analysis (and for the capability of the framework to perform risk analysis) using multiple stochastic simulations. 
Replicate runs including stochastic variation would be used to estimate probability distributions of the performance measures of the scenarios evaluated, e.g. two alternative management scenarios, so that their performance could be compared.

3.4
Predictive power and limitations in use
Evaluation of predictive power and limitations in use and set-up of the framework(s)

Replicate runs including stochastic variation are used to estimate probability distributions of the performance measures of the scenarios evaluated, e.g. two alternative management scenarios, so that their performance could be compared. The scenario evaluation facet can enable answering “What if….?” questions rather than providing exact prediction. The evaluation framework can be used to evaluate relative effects of alternative scenarios, i.e. to answer what direction the system moves in given certain management options evaluated. The evaluation framework executes for example two consecutive or parallel simulations covering e.g. the reference system and the alternative system. Each system comprises an “operational model” which simulates input data to a “management model”. The operational model system simulates the “true world”, whereas the management model simulates the advisory process of e.g. ICES combined with the management procedures of e.g. EU.
Accordingly, the established management evaluation framework(s) should not be used to run single case evaluations with aim of giving precise predictions using the uncertainty evaluation, sensitivity analyses and risk assessment. The un-certainty in input data as well as the underlying assumptions behind the analyses about the status of the system will in most cases not allow for precise predictions. The management evaluation framework(s) should as explained rather be used to answer the above mentioned “What if?” questions when performing comparative scenario evaluation of alternative options and possibilities or alternative values for parameter settings. 
The evaluation will compare different management options in respect of their trade-offs between objectives and their expected outcomes. The management regimes and options are compared by aid of a suite of “measures of performance”, which are defined by the various groups of stakeholders. The evaluation framework will thus be developed to inform an exploratory, adaptive decision making process rather than to pretend to predict specific outcomes of single management options. The prediction power of the simulation will not lead to final and absolute quantitative results, but rather relative measures. The intention is to only recommend for implementation of management options that have been evaluated through the framework.

4.0
Proof Reading
In general, all the codes of the established evaluation tools are proof-read and tested by alternative coding in critical cases. The technical evaluation of the management evaluation framework and descriptive models has included both a thorough testing of code including alternative coding for some components, and by using the framework(s) on a diverse set of real and simulated datasets which represents a wide range of  system and process properties. This has been performed on iterative basis between EFIMAS WP5, WP4 and WP3 through cyclic feedback processes. 

The aspects of EFIMAS Task 5.2.1, Proof Reading, has implicitly been included in the whole continuous process of the development and structuring of the evaluation framework(s). This has been a part of the cyclic feed back process between EFIMAS WP3, WP4 and WP5 concerning the different experts with different back-ground sitting together and developing the framework(s) and the code hereunder – both on general and case specific basis. The interactions established under the project have ascertained this. There is an internal evaluation of transparency of the technical tools here. EFIMAS scientists with multi-disciplinary and diverse background have been involved in the technical evaluation in case studies where they were not participants, and case specific input have been evaluated by the WP3 group including the FLR Core Group (FLCORE Group). 

In general, the established management evaluation framework(s) and their contents (code) and structure have been tested and standardized through evaluation of the relative effects of the application of different specific management options to specific case studies covering different types of EU fisheries in different areas. Furthermore, the code has been tested and standardized through practical implementations and actual dissemination of the management evaluation framework(s) and their simulation results through  working groups under ICES, STECF, ICCAT, NAFO, and through Scientific Conferences and Symposia, etc.

In relation to the FLR framework the proof reading and testing has included the following three steps: i) establishment and modification of code and functions to FLR: FLCORE proof reading, testing, modification, standardization, etc; ii) automatic testing: testing through runs on test data-sets on partly case specific basis (WP4), FLCORE group basis (WP3), as well as through practical implementation in e.g. ICES, STECF, ICCAT, NAFO, Scientific Conferences and Symposia, etc.; iii) cross checking and standardization through running case specific data with other cases models and not only with the case specific model. For example, the FCUBE method deployed under EFIMAS designed originally for North Sea Roundfish fisheries cases study (WP4, CS2) was also tested successfully for the Northern Hake fisheries case study (WP4, CS6). 
5.0
Conditioning and Calibration

The conditioning of the operating models in the evaluation framework covers a calibration of the operating models to historical or present observed dynamics and to the existing perception of the addressed biological and economic dynamics in the system, i.e. to stock, fisheries, fleet and other dynamics perceived and known e.g. through ICES or STECF assessments.  

The conditioning of the operating models consequently applies to the perceived dynamics in the system addressed in the operating models covering all relevant biological and economical dynamics, processes, relationships, and parameter settings as known or assumed in the system from historical time series, analysis results, or known present status, i.e. parameters, functions, stock dynamics, fisheries dynamics, fleet dynamics, etc.. 
As an example of the conditioning and calibration of the developed operating models under the developed evaluation framework(s) under EFIMAS is below presented the conditioning performed under case study 1 in WP4, i.e. to some of the management evaluations performed under the North Sea flatfish fisheries case study. 

Conditioning of the North Sea flatfish fisheries case study as an example:

The initial conditioning question in model development was the definition of the dimensions to be included. These reflect the type of processes included, the available information, and the dominant issues in the management plan. 

In this case study, the partial spatial overlap between the two species suggested a two-area model (sole dominating as the target south of 568N, plaice dominating north of 568N), and a distinction between two main types of fleets (one each targeting sole and plaice). The simulation model consisted of two submodels: an OM describing the biological and fleet dynamics of the underlying system; and an MP consisting of data collection, stock assessment, and a HCR. The biological processes in the OM included a stock-recruitment relationship, fixed values for natural mortality, maturity-at-age, and weight- and length-at-age, and fixed values for the relative proportion of each age group in each of the two areas. The fleet-dynamics model consisted of two beam trawl fleets: the Dutch fleet targeting primarily sole (80 mm mesh in the codend) south of 55N, and a UK fleet targeting primarily plaice (100 mm mesh) north of 55N. Trends in fishing effort were derived from information in the Dutch logbook database (containing records of Dutch vessels as well as UK vessels landing their catches in the Netherlands). Future effort allocations were assumed to retain the same proportions by area and fleet. Conceptually, the catching process was modelled as a combination of catchability, selectivity, effort, and technological creep. Catches were generated from the underlying ("true") population and split into landings and discards according to a retention ogive derived from observer trips. The MP consisted of three main processes: sampling raw data from the underlying population; stock assessment, and short-term forecasting following standard procedures; and a HCR defining the appropriate management measure given the forecast. Sampling from the true population was mimicked by generating estimates of landings-at-age (sole) and catch-at-age (plaice; including discards), similar to the annual assessments for the two stocks. The catches were generated using the selectivity characteristics of the two fleets and a simple lognormal error with a relatively small coefficient of variation (CV ¼ 0.1). The simulation contained a "true" survey that sampled from the populations of the two species using catchability and selectivity patterns estimated from historical data in conjunction with their spatial distribution. "Observed" survey catch-at-age by species was generated by applying a lognormal error (again CV ¼ 0.1), and these series were used for tuning in the stock assessment process. The stock assessment process encompassed single-species extended survivors analysis (XSA) for plaice and sole, based on catch- and landings-at-age data, respectively. XSA settings and short-term forecasts corresponded to those used by ICES (2006a). The HCR implemented in the model attempted to mimic the NSRAC management plan. Nominal fishing effort was reduced by 15% in 2006 compared with 2005, and this level was maintained in subsequent years. In the objective stated in the plan, there is an inherent tension between reducing effort and maintaining stability of the TAC. This posed additional challenges to implementation of the model. Also, an additional maximum annual change in TAC of 15% was requested to be included in the simulations, representing an extension of the stated objectives. However, the measures stated did not refer to TACs, but only to decommissioning and days-at-sea limits. Therefore, TACs would not constrain the fishery in the model anyway: the fleets simply exhausted the effort quota and reported whatever catches they generated. The annual decision process on effort quota was based on the short-term forecast of the SSB remaining after the year to which these would apply. This forecast was compared with the Blim triggers defined in the plan. Implementation error with respect to misreporting or black landings was not included.

Parameters estimates: The average distribution of the species by age over the two areas was estimated from the annual beam trawl survey, which takes a synoptic sample of the plaice and sole populations in late summer. Information on stock trends was available for the period 1957-2004 from ICES. Recruitment estimates for the last four years were excluded because they were considered unreliable. The remaining set was used to estimate stock-recruitment relationships of the Ricker and the Beverton-Holt type. In the forward simulation, recruitment estimates were taken from the stock-recruitment relationship, taking into account the variance estimate derived from the historical relationship. Estimating the parameters of the fleet-dynamics model was less straightforward. The interplay of simulated stock abundance and stock distributions by age and area, together with the distributions of the fleets, determines the catch profiles generated by the fleets. The empirical observations on the catch profiles of the real fleets were not sufficient to determine the parameter values for the simulation model uniquely. Therefore, any mismatch between the simulated and the real catch profiles could have been caused by incorrect assumptions in the fleet-dynamics or stock-dynamics models. The critical question in interpreting simulation results is: how close do these have to be to reality as currently perceived? In other words, is it a problem if simulated catch profiles or stock trends differ from the historical observations? The answer depends on the type of evaluation process in which the simulation model is used. The management plan has been phrased in a stock assessment type of discourse by referring to SSB and biological reference points. Therefore, the numerical values of the variables derived from the simulations would be viewed critically against the values produced by routine stock assessment. The combination of over-parameterization of the OM and the requirement to generate realistic stock and fleet dynamics, implied that fixes had to be sought to generate largely comparable results. Hindcasting was used to simulate the historical trajectories of stocks and fleets over the period 1995-2004. The start populations in 1995, levels of recruitment were taken directly from ICES estimates, and the trends in fishing effort were derived from the logbook database. Given these fixed inputs, simulations were run under different assumptions on the relative distribution of fish over the two areas, the catchabilities of the two fleets for the two species, and the increase in technical efficiency of the two fleets. we compare the perceived values (ICES, 2006a) of landings, discards, recruitment, average fishing mortality (Fbar), selection pattern, and SSB, the assumed relative distribution of fish over areas, and the relationship between Fbar and effort with their simulated ("true") values, as derived from the OM. Obviously, in order to fix the simulated historical dynamics to match the observations, a choice between many different options has to be made: mean selection pattern, effort-mortality relationship, landings, etc., may all be fixed, but fixing all simultaneously is impossible unless weights can be assigned to each specific parameter.
In the base run, all parameters were based on information from some type of analysis except for overall catchability of the fleets, which was obtained by minimizing the difference in catch-at-age between the model and as actually observed in samples from the fleet. Clearly, the simulated landings and SSB of plaice and sole are substantially smaller than those according to the assessment. Although the temporal dynamics may appear reasonably similar, a discrepancy in the overall level may have substantial effects on prospective simulations if the same absolute values are used for limit reference points. For instance, the simulated stocks will be below Blim most of the time.

For plaice, the split of catches between landings and discards caused simulated landings to be below and simulated discards to be above the assessment estimates. Most plaice aged 1 and 2 years are in the southern area where the beam trawl fishery mainly operates, resulting in high simulated discards. In practice, these smaller fish are not available to the fishery because they live in shallow coastal regions where larger vessels are not permitted. However, in a simulation environment based on two areas only, such subtle differences cannot be accounted for. This shortcoming was remedied by modifying the relative spatial distribution of plaice aged 1 and 2. By locating more of these age groups in the northern area, the overall discards decrease, and the simulated landings approach the observed landings. Also, the SSB estimates are closer. However, the simulations has a major discrepancy: the linear and positive relationship between fishing effort and fishing mortality in the simulation model is a direct consequence of an assumption in the underlying model, whereas the available assessment data indicate no significant relationship. Introducing an increase in technical efficiency for the two species, makes the slopes of the effort- mortality relationship more comparable. However, the absolute estimates of fishing mortality in the simulation are still substantially higher than those from the assessment.
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