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This article proposes a selection of tools to assess the nature and the extent of uncertainty linked to knowledge production and use, in order to integrate uncertainty in processes of environmental evaluation.

The tool catalogue to assess uncertainty has been developed to take into account three types of concerns. The first concern is the identification and the analysis of the various forms of uncertainty that stakeholders and decision maker have to face. The second concern is linked to the quality of knowledge and its evaluation by the scientific community and/or an extended community of peers. The third concern is the pertinence of knowledge in integrating uncertainty in a dialogue about indicators (the KerBabel™ Indicator Kiosk) and about comparison and choice of scenarios (Kerbabel ™ Deliberation Matrix). We therefore consider topics related to characterization of uncertainty, evaluation of the quality of knowledge as well as communication, structuring, and framing of knowledge in different sociocultural and political contexts. A comprehensive overview of references is provided in the last section of the article.

Uncertainty and Complex Risk

Scientific assessments of complex risks such as climate change, biodiversity loss, bird flu, natural resource depletion, or particulate matter involve uncertainties of many sorts, not all of which can be effectively controlled in practice. Decisions need to be made before conclusive supporting evidence is available, while at the same time the potential impacts of wrong decisions can be huge. Questions that cannot be answered due to inconclusive evidence include: How likely are human-caused abrupt climate changes? What will be the future impact of climate change on biodiversity? What are the risks of the spread of virulent strains of bird flu (H5N1) amongst humans? What is the impact of fisheries on marine ecosystems? What are the health risks of ambient particulate matter? Governmental and intergovernmental agencies that inform the policy and the public about such risks increasingly recognise that uncertainty can no longer be suppressed or denied, but needs to be dealt with in a transparent and effective manner. Several institutions that interface science and policy have adopted knowledge quality assessment approaches in response to emerging needs.

According to the classic conception of scientific policy advice, certainty is necessary for the management of complex problems. However, uncertainty is a fact of life. Scientific assessments have to integrate information covering the entire spectrum from wellestablished scientific knowledge to educated guesses, preliminary models, and tentative assumptions. In such contexts, uncertainty can mostly not be remedied through additional research or comparative evaluations of evidence by expert panels searching for a consensus interpretation of the risks.

Social studies of scientific advice show that for many complex problems, the processes within the scientific community as well as between this community and the 'external' worldpolicy makers, stakeholders and civil society -determine the acceptability of a scientific assessment as a shared basis for action. These processes concern, among others, the framing of the problem, the choice of methods, the strategy to gather the data, the review and interpretation of results, the distribution of roles in knowledge production and assessment, and the function of the results in the policy arena. Although assumptions underlying the design of these processes are rarely discussed openly, they are important for the knowledge becoming either 'contested' or 'robust'. More research on complex issues sometimes reveals more uncertainties and can even lead to more intense controversy and weaker evidence if these implicit assumptions are not adequately dealt with.

Thus, it is not enough to analyse uncertainty as a 'technical' problem or merely seek for consensus interpretations of inconclusive evidence. In addition, the production of knowledge and the assessment of uncertainty have to address deeper uncertainties that reside in problem framings, expert judgments, assumed model structures, et cetera. Especially in studies of the future, for which computer models are often used, we must recognise our ignorance about the complex systems under study. Verification and validation of these computer models is impossible, and confirmation is inherently partial. Whereas models are scientific products, we should never forget possible existence of individual, institutional or ideological dimension and their "metaphoric" nature. 1This article presents three steps to assess uncertainty and to integrate it in a deliberative process. Questions on quality and pertinence of scientific knowledge for complex problems are asked. Beyond a methodological approach to assess uncertainty (section 2), we present a set of questionnaires in order to identify the nature and extend of uncertainty (section 3). In order to assist in the selection of relevant tools for knowledge quality assessment, an uncertainty matrix is used (section 4). The integration of deliberative approaches deals, beyond the internal (scientific) and external (fitness for purpose, function and context) knowledge quality, with pertinence, sharing and communication of knowledge (section 5).

Then, we consider the integration of concerns related to uncertainty in a dialogue about indicators (section 6) and options for the future (section 7).

Uncertainty Assessment

It is increasingly recognised that uncertainty in relation to risk science and policy can no longer be suppressed or denied, but has to be dealt with in an appropriate way. At the level of the European Union, the European Commission's Report on Democratising Expertise (Commission of the European Communities, 2001) and its Communication on the Precautionary Principle (Commission of the European Communities, 2000) address uncertainty as a horizontal issue of relevance for a broad range of policies. The operationalisation of this concern entails the development of frameworks to deal with uncertainty in policy relevant knowledge. [START_REF] Van Der Sluijs | Experiences with the NUSAP system for multidimensional uncertainty assessment in Model based Foresight Studies[END_REF] The dominant approach to the issue of uncertainty, the `deficit model', considers the nonconclusiveness of factual information as provisional and typically leads to attempts to reduce uncertainty by means of an increased research effort, addressing more complicated problem formulations (Commission of the European Communities, 2004). These attempts generally go hand in hand with technical analyses -quantification of ranges and error-bars -of what is seen as unsolvable uncertainty, namely, uncertainty due to random variation in observations and natural phenomena. [START_REF] Van Der Sluijs | Experiences with the NUSAP system for multidimensional uncertainty assessment in Model based Foresight Studies[END_REF] Other approaches frame uncertainty assessment as `evidence evaluation'. While sometimes acknowledging the negotiated character of knowledge, most of them (Intergovernmental Panel on Climate Change, 2001; World Health Organisation/ International Programme on Chemical Safety, 2002) still pay primarily attention to the strength of particular results of scientific research. [START_REF] Van Der Sluijs | Experiences with the NUSAP system for multidimensional uncertainty assessment in Model based Foresight Studies[END_REF] However, uncertainties in the knowledge base, especially when expressed through the existence of different scientific opinions and/or divergent interpretations in the socio-political debate, can mostly not automatically be solved through additional research or reduced through comparative evaluations of research results. [START_REF] Van Der Sluijs | Experiences with the NUSAP system for multidimensional uncertainty assessment in Model based Foresight Studies[END_REF] Therefore, a third paradigm of uncertainty has been developed in recent years, the complex systems or post normal view of uncertainty. In this view, uncertainty is understood as a intrinsic property of complex systems. Further, it acknowledges that uncertainty can result from the methods we use to produce knowledge, because of the inherrenlty uncertain character of for instance computer simulation models, assumptions and scenarios. This post-normal position recognises that not all uncertainties can be quantified, and sees the way forward in openly dealing with deeper dimensions of uncertainty (in particular uncertainty that results from problem framing, system bounadaries, indeterminacy, ignorance, assumptions, value loadings, institutional dimensions, and arbitrairines of choices made in scientific analysis). The tools that fit in this post normal view are Knowledge Quality Assessment tools and the governance style with which it resonates is one of deliberative negotiated management of risk and argued choice. In the remainder of this paper we will review state of the art of this reflective approach to KQA.

A reflexive approach to dealing with uncertainties in environmental health

Studies on the role of science in governance challenges the view that scientific research informs policy by producing objective, valid, and reliable knowledge [START_REF] Ravetz | Scientific knowledge and its social problems[END_REF][START_REF] Funtowicz | Science for the Post-Normal Age[END_REF]Wynne, 1992;Nowotny et al., 2001;Irwin, 2001;Funtowicz and Strand, in press). New scientific practices, coined post-normal science [START_REF] Funtowicz | Science for the Post-Normal Age[END_REF], are now required in the context of hard political pressure, disputed values, high decision stakes, and major epistemological and ethical system uncertainties. The main features of post-normal science are the appropriate management of uncertainty, acknowledgment of the plurality of problem perspectives, and the extension of the peer community to include non-scientific parties.

Empirical studies [START_REF] Shackley | Representing uncertainty in global climate change science and policy: boundaryordering devices and authority[END_REF][START_REF] Shackley | Uncertainty, complexity and concepts of good science in climate change modeling: are GCMs the best tools?[END_REF][START_REF] Van Der Sluijs | Anchoring Devices in Science For Policy: The Case of Consensus Around Climate Sensitivity[END_REF] show that, especially in fields where knowledge development can be considered still in the infant phase, processes within the scientific community and interactions of science with the `external' worldpolicymakers, stakeholders, civil society, -are crucial for the (perceived) robustness of findings. These processes concern the framing of the problem, the choice of methods, the design of the strategy to gather the data, the review and interpretation of results, the distribution of roles in knowledge production and assessment, the function of the results in the policy arena, etc. Although the assumptions underlying the design of these processes are most often not openly discussed, they are important for the knowledge becoming `contested' or, on the other hand, `robust'. More research on complex issues can even lead to more intense controversy and less strong evidence if these assumptions are not adequately dealt with [START_REF] Craye | Milieu en gezondheid in Vlaanderen: naar een adequate dialoog tussen overheid, bevolking en wetenschap[END_REF][START_REF] Van Der Sluijs | Experiences with the NUSAP system for multidimensional uncertainty assessment in Model based Foresight Studies[END_REF].

Based on these findings, we argue that it is not enough to analyse uncertainty as a `technical' problem or merely to assess the strength of the evidence of scientific results. The production of knowledge and the assessment of uncertainty have to be considered in the context of the complexity of contemporary decision making and societal processes. Reflexive approaches to uncertainty assessment (inter)actively discuss uncertainty in relation to different societal perspectives and policy options. They explicitly address problem framing, as well, as institutional aspects of knowledge development. They openly deal with deeper dimensions of uncertainty such as indeterminacy, ignorance, assumptions and value loadings. They assess uncertainty in order to trigger a profound social debate and a negotiated management of risk. As such, the discussion of uncertainty could become a resource contributing to processes of institutional change instead of just being considered a problem for decision making.

In the following we elaborate three steps in the management of uncertainty: (1) uncertainty diagnostic;

(2) uncertainty characterization and analysis (uncertainty matrix); and (3) uncertainty integration in a deliberative process of governance (communication and utilisation). For uncertainty characterization and analysis and for uncertainty integration we will review the repertoire of state-of-the art tools that can be used in these steps.

Step 1: Uncertainty Diagnostic

The challenge to scientific advisers is to be as transparent and clear as possible in their treatment of uncertainties. Recognising this challenge, the Netherlands Environmental Assessment Agency (Milieu en Natuur Planbureau, MNP) commissioned Utrecht University to develop, together with MNP, a Guidance for Uncertainty Assessment and Communication2 , a state-of-the-art reflective approach which we adopt in the present paper. This guidance has been developed in close consultation with international uncertainty experts. It aims to facilitate the process of dealing with uncertainties throughout the whole scientific assessment process. It explicitly addresses institutional aspects of knowledge development, openly deals with indeterminacy, ignorance, assumptions and value loadings.

It thereby facilitates a profound societal debate and a negotiated management of risks. The Guidance is not set up as a protocol. Instead, it provides a heuristic that encourages selfevaluative systematisation and reflexivity on pitfalls in knowledge production and use. It also provides diagnostic help as to where uncertainty may occur and why. This can contribute to more conscious, explicit, argued, and well-documented choices.

Following a diagnostic checklist approach, the Guidance consists of a layered set of instruments (Mini-Checklist, Quickscan, and Detailed Guidance) with increasing level of detail and sophistication [START_REF] Janssen | A guidance for assessing and communicating uncertainties[END_REF]. It can be used by practitioners as a (self-) elicitation instrument or by project managers as a guiding instrument in problem framing and project design. Using the Mini-Checklist and Quickscan Questionnaire, the analyst can flag key issues that need further consideration. Depending on what is flagged as salient, the analyst is referred to specific sections in a separate Hints & Actions document and in the Detailed Guidance. Since the number of cross-references between the documents comprising the Guidance is quite large, a publicly available interactive web application has been implemented. This web application also offers a prioritised to-do list of uncertainty assessment actions, and generates reports of sessions (traceability and documentation), which enables internal and external review.

In all the phases of production of knowledge with the function to inform societal debate and decision making, uncertainty and quality need to be addressed. Six foci can be distinguished where systematic critical reflection on uncertainty and quality can help to gain a better understanding of knowledge. These foci are: problem framing, stakeholder participation, indicator selection, appraisal of the knowledge base, mapping and assessment of relevant uncertainties, and reporting of the uncertainty information. Table 1 summarizes key issues that require systematic reflection for each of the six foci. The checklist instruments that facilitate this critical reflection [START_REF] Van Der Sluijs | Uncertainty assessment of VOC-emissions from paint in the Netherlands[END_REF], Petersen et al., 2003, Janssen et al, 2003) can be downloaded.3 

Foci Key Issues Problem Framing

Other problem views; interwovenness with other problems; system boundaries; role of results in policy process; relation to previous assessments; pertinence of framing

Involvement of Stakeholders

Identifying stakeholders; their views and roles; controversies; mode of involvement

Selection of Indicators

Pertinence of indicators in view of problem and context; Adequate backing for selection; alternative indicators; support for selection in science, society, and politics

Appraisal of Knowledge Base

Pertinence of knowledge in view of problem and context; identify and acknowledge gaps in knowledge and understanding; Quality required; bottlenecks in available knowledge and methods; impact of bottlenecks on quality of results

Mapping and Assessing Relevant Uncertainties

Identification, typification, and prioritization of key uncertainties; choice of methods to assess these; assessing robustness of conclusions

Reporting Uncertainty Information

Context of reporting; robustness and clarity of main messages; policy implications of uncertainty; balanced and consistent representation in progressive disclosure of uncertainty information; traceability and adequate backing 

Step 2: Uncertainty Characterization and Analysis

In order to facilitate communication about the different types of uncertainty that arise in scientific assessments, an uncertainty typology is part of the Guidance. The typology is based on a conceptual framework that resulted from a process involving an international group of uncertainty experts most of whom participated in developing or reviewing the Guidance. Uncertainty can be classified along the following dimensions: its 'location' (where it occurs), its 'level' (whether it can best be characterised as statistical uncertainty, scenario uncertainty or recognised ignorance) and its 'nature' (whether uncertainty primarily stems from knowledge imperfection or is a direct consequence of inherent variability). In addition, the typology distinguishes the dimensions 'qualification of knowledge base' (what are weak and strong parts in the assessment) and 'value-ladenness of choices' (what biases may shape the assessment). To go further in the description of the typology:

(i) The dimension 'location' indicates where uncertainty can manifest itself in the problem configuration at hand. Five categories are distinguished along this dimension:

The 'context' concerns the framing of the problem, including the choices determining what is considered inside and outside the system boundaries ('delineation of the system and its environment'), as well as the completeness of this representation in view of the problem issues at hand. Part of these context-related choices is also reflected in the other location categories, such as 'data' which are considered to play a role, 'models' which are chosen to be used, and 'outcomes' which are taken to be of interest.

'Data' refers to measurements, monitoring data, survey data, etc.used in the study, that is, information which is directly based on empirical research and data collection. Also the data which are used for calibration of the models involved are included in this category.

'Model' concerns the 'model instruments' which are employed for the study. This category can encompass a broad spectrum of models, ranging from mental and conceptual models to more mathematical models (statistical models, causal process models, etc.) which are often implemented as computer models. Especially for the latter class of models subcategories have been introduced, distinguishing between model structure (relations), model parameters (e.g., process parameters, initial and boundary conditions), model inputs (input data, external driving forces), as well as the technical model, which refers to the implementation in hardware and software.

'Expert judgement' refers to those specific contributions to the assessment that is not fully covered by context, models and data, and that typically has a more qualitative, reflective, and interpretative character. As such, this input could also alternatively be viewed as part of the 'mental model'.

The category of 'outputs' from a study refers to the outcomes, indicators, propositions or statements which are of interest in the context of the problem at hand.

The various aforementioned uncertainties on the location axis can be further characterized in terms of four other uncertainty features/dimensions, which are described below.

(ii) The dimension 'level of uncertainty' expresses how a specific uncertainty source can be classified using three distinct classes:

'Statistical uncertainty': this concerns the uncertainties which can adequately be expressed in statistical terms, e.g., as a range with associated probability (examples are statistical expressions for measurement inaccuracies, uncertainties due to sampling effects, uncertainties in model-parameter estimates, etc.). In the natural sciences, scientists generally refer to this category if they speak of uncertainty, thereby often implicitly assuming that the involved model relations offer adequate descriptions of the real system under study, and that the (calibration)-data employed are representative of the situation under study. However, when this is not the case, 'deeper' forms of uncertainty are at play, which can surpass the statistical uncertainty in size and seriousness and which require adequate attention.

'Scenario uncertainty': this concerns uncertainties which cannot be adequately depicted in terms of chances or probabilities, but which can only be specified in terms of (a range of) possible outcomes. For these uncertainties it is impossible to specify a degree of probability or belief, since the mechanisms which lead to the outcomes are not sufficiently known. Scenario uncertainties are often construed in terms of 'what-if' statements.

'Recognized ignorance': this concerns those uncertainties of which we realize -some way or anotherthat they are present, but of which we cannot establish any useful estimate, e.g., due to limits to predictability and knowability ('chaos') or due to unknown processes.

Note that these classes need not necessarily be on one scale, one can have all three classes present at the same location in a model, but usually one of the three dominates. Continuing on the "scale" beyond recognized ignorance, we arrive in the area of complete ignorance ('unknown unknowns') of which we cannot yet speak and where we inevitably grope in the dark.

We should notice that the uncertainties which manifest themselves at a specific location (e.g., uncertainties on model relations) can appear in each of the above-mentioned guises: while some aspects can adequately be expressed in statistical terms, other aspects can often only be expressed in terms of 'what-if' statements; moreover, there are typically aspects judged relevant but about which we know that we are (still) largely 'ignorant'.

Judging which aspects manifest themselves in what forms is to some degree subjective, and therefore practitioners that make these judgements should provide and document their argumentations, so that in the review peers can criticize these where they disagree.(iii) The third dimension in the typology adds the distinction whether uncertainty is primarily a consequence of the incompleteness and fallibility of knowledge ('knowledge-related', or 'epistemic', uncertainty) or that it is primarily due to the intrinsic indeterminate and/or variable character of the system under study ('variability-related', or 'ontic', uncertainty).

Knowledge-related uncertainty can possibly, though not necessarily, be reduced by means of more measurements, better models and/or more knowledge.

Variability-related uncertainty is typically not reducible by means of more research (e.g., inherent indeterminacy and/or unpredictability, randomness, chaotic behavior).

(iv) The fourth dimension which is relevant for characterizing uncertainty concerns the 'qualification of the knowledge base'. This refers to the strength of underpinning of the established results and knowledge claims. The phrase 'established results and knowledge claims' can be interpreted in a broad sense here: it can refer to the policy-advice statement as such (e.g., 'the norm will still be exceeded when the proposed policy measures have become effective', 'the total yearly emission of substance A is X kiloton') as well as to assertions about the uncertainty in this statement (e.g. 'the uncertainty in the total yearly emission of substance A is . . . (95% confidence interval)'). The degree of underpinning is divided into three classes: weak/fair/strong. If the underpinning is weak, this indicates that the statement of concern is surrounded by much (knowledge-related) uncertainty, and deserves further attention. This classification moreover offers suggestions about the extent to which uncertainty is reducible by providing a better underpinning.

Note that this dimension in fact characterizes the reliability of the information (data, knowledge, methods, argumentations, etc.) which is used in the assessment. Criteria such as empirical, theoretical or methodological underpinning and acceptance/support within and outside the peer community can be used for assessing and expressing the level of reliability.

If required, a so-called 'pedigree analysis' can be done, which results in a semi-quantitative scoring of the underpinning on the basis of a number of qualitative criteria such as the aforementioned ones (see the Tool Catalogue for Uncertainty Assessment).

(v) The final dimension for characterizing uncertainties denotes whether a substantial amount of 'value-ladenness' and subjectiveness or arbitrairiness is involved in making the variousimplicit and explicit -choices during the environmental assessment. This concerns among other things, the way in which (i) the problem is framed vis à vis the various views and perspectives on the problem, (ii) the knowledge and information (data, models) is selected and applied, (iii) the explanations and conclusions are expressed and formulated. If the value-ladenness is high for relevant parts of the assessment, then it is imperative to analyze whether or not the results of the study are highly influenced by the choices involved, and whether this could lead to a certain arbitrariness, ambiguity or uncertainty of the policyrelevant conclusions. This could then be a reason to explicitly deal with different views and perspectives in the assessment and to discuss the scope and robustness of the conclusions in an explicit manner.

This typology is presented as a matrix. This uncertainty matrix is used as an instrument for generating an overview of where one expects the most important (policy-relevant) uncertainties to be located (the first dimension), and how these can be further characterised in terms of the other uncertainty dimensions mentioned. The matrix can be used as a scanning tool to identify areas where a more elaborate uncertainty assessment is required. The different cells in the matrix are linked to available uncertainty assessment tools suitable for tackling that particular uncertainty type. These tools are described in a Tool Catalogue that aims to assist the analyst in choosing appropriate methods (see table 2).

Table 2: Correspondence of the tools with the sorts and locations of uncertainty distinguished in the uncertainty typology from the hints and actions section of the quick scan.

Entries printed in italics are not described in this toolbox because there are no standard methods to perform these tasks. 

Level of uncertainty

Tier 1: Error Propagation Equations

The error propagation equations (e.g. Mandel, 1984) 
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The error propagation equations for the most common operators can be seen in Box 1. The method can be extended to allow non-Gaussian distributions and to allow for co-variances.

The main advantage of the error progation equations is that they are easy and quick to use. The key limitations lie in the underlying assumptions that seldom hold, especially not for complex calculations. The error propagation equations are therefore mainly suitable for preliminary screening analysis.

Expert Elicitation

Expert elicitation is a structured process to elicit subjective judgements from experts. It is widely used in quantitative risk analysis to quantify uncertainties in cases where there are no or too few direct empirical data available to infer on uncertainty. Usually the subjective judgement is represented as a 'subjective' probability density function (PDF) reflecting the expert's degree of belief. Typically it is applied in situations where there is scarce or insufficient empirical material for a direct quantification of uncertainty, and where it is relevant to obtain inscrutable and defensible results (Hora, 1992).

Several elicitation protocols have been developed amongst which the much-used Stanford/SRI Protocol is the first one [START_REF] Spetzler | Probability Encoding in Decision Analysis[END_REF].

Expert elicitation typically involves the following steps: (1) Identify and select experts;

(2) Explain to the expert the nature of the problem and the elicitation procedure. Create awareness of biases in subjective judgements and explore these. (3) Clearly define the quantity to be assessed and chose a scale and unit familiar to the expert. (4) Discuss the state of knowledge on the quantity at hand (strengths and weaknesses in available data, knowledge gaps, qualitative uncertainties). ( 5) Elicit extremes of the distribution. (6) Assess these extremes: could the range be broader than stated? (7) Further elicit and specify the distribution (shape and percentiles or characterising parameters). ( 8) Verify with the expert that the distribution that you constructed from the expert's responses correctly represents the expert's beliefs. (9) Decide whether or not to aggregate the distributions elicited from different experts (this only makes sense if the experts had the same mental models of the quantity for which a distribution was elicited).

Expert elicitation has the potential to make use of all available knowledge that cannot easily be formalised otherwise. The limitations are linked to the subjectivity of the results that are sensitive to the selection of experts. In case of differences among experts it may be difficult to safely quantify the uncertainties.

Extended Peer Review (review by stakeholders)

Extended peer review is the involvement of stakeholders in the quality assurance of the modelling process. Stakeholders' reasoning, observation and imagination are not bounded by scientific rationality. This can be beneficial when tackling ill-structured, complex problems. Consequently, the knowledge and perspectives of the stakeholders can bring in valuable new views on the problem and relevant information on that problem. The latter is known as "extended facts". Stakeholders can contribute to the quality of knowledge in a number of ways. These include improvement of the quality of the problem formulation and the questions addressed by the scientists; the contribution of knowledge on local conditions which may help determine which data are strong and relevant or which response options are feasible; providing personal observations which may lead to new foci for empirical research addressing dimensions of the problem that were previously overlooked; criticism of assumptions made by the scientist, which may lead to changes towards assumptions that better match real life conditions; and, creative thinking of mechanisms and scenarios through which projected environmental and hydrological changes may affect different sectors of society.

The main strength of extended peer review is that it allows the use of extra knowledge (or in the words of [START_REF] Collins | The third wave of science studies: studies of expertise and experience[END_REF] "uncertified expertise") from non-scientific sources. The key limitations lie in the difficulty for stakeholders to understand the sometimes complex and abstract concepts, to ensure representativeness of the selected stakeholders and in the power asymmetries that may be reproduced.

Inverse Modelling (parameter estimation)

Parameter values are often optimised through inverse modelling. This is also denoted as automatic calibration [START_REF] Duan | Optimal use of the SCE-UA global optimization method for calibrating watershed models[END_REF][START_REF] Doherty | Ground water model calibration using pilot points and regularization[END_REF]). An optimal parameter set is sought "automatically" by minimising an objective function, often defined as the summed squared deviation between the calibration targets (field data) and their simulated counterparts. Many software tools support inverse modelling and some universal optimisation routines can be downloaded as freeware, e.g. PEST (Paremeter ESTimation, http://www.sspa.com/pest/) [START_REF] Doherty | Ground water model calibration using pilot points and regularization[END_REF].

Most inversion techniques have the benefit that they in addition to optimal parameter values also produce calibration statistics in terms of parameter-and observation sensitivities, parameter correlation and parameter uncertainties. An important limitation of these parameter uncertainty techniques is that the model calibration is based on a single model (with one possible model structure) Errors in the model structure will thus wrongly be allocated to the model parameter uncertainties. The estimated parameter uncertainties are thus uncertainties for the effective model parameter given both the model structure and available observations. This also means that estimated parameter uncertainties will not compensate adequately for the model structure uncertainty, when the model is used for prediction of conditions beyond the calibration base (e.g. when calibrating on groundwater flow and subsequently using the model to simulate groundwater transport and concentrations).

Inverse Modelling (predictive uncertainty)

In addition to parameter estimation some of the inverse optimisation routines include the ability to estimate predictive uncertainties. The method by which the predictive uncertainty is derived varies among the inversion routines. But common to many of the local optimisation routines based on non-linear regression, is that the prediction of interest is treated as an observation, and the regression algorithm is then used to quantify the effect of the parameter uncertainty on this "observation". Some methods rely on a semi-analytical solution in which the regression algorithm is used to compute either a predictive uncertainty interval for the output variable or uncertainty in the difference between a reference case and a scenario simulation. Other methods use the regression to seek the maximum or minimum value of the prediction under the constraint that the model must be calibrated at an acceptable level, which is defined by some predefined acceptance level of the objective function. This method provides an objective estimate of the predictive uncertainty given the applied model structure. The main limitation, apart from assumptions on linearity and normally distributed residuals, is that uncertainty can only be predicted for data types for which observations exist. This means that uncertainties on variables that are interpolated or extrapolated compared to the available field data cannot be quantified by this method.

Monte Carlo Analysis

Monte Carlo Simulation is a statistical technique for stochastic model-calculations and analysis of error propagation in calculations. Its purpose is to trace out the structure of the distributions of model output. In it's simplest form this distribution is mapped by calculating the deterministic results (realisations) for a large number of random draws from the individual distribution functions of input data and parameters of the model. Advanced sampling methods have been designed to reduce the required number of model runs needed. . Monte Carlo analysis requires the analyst to specify probability distributions of all inputs and parameters, and the correlations between them. Both probability distributions and correlations are usually poorly known. Ignoring correlations and co-variance in input distributions may lead to substantial under-or over-estimation of uncertainty in model outcome.

A number of commercial and free software packages are available to do Monte Carlo analysis, e.g. Crystal [START_REF] Ball | [END_REF] and @risk (Palisade Corporation, 2000) and SimLab [START_REF] Saltelli | Sensitivity Analysis in Practice: A Guide to Assessing Scientific Models[END_REF]. In addition Monte Carlo functionality is built into many modelling software packages. EPA (1997) provides a good guidance for use of Monte Carlo Analysis.

The advantage of Monte Carlo Analysis is its general applicability and that it does not impose many assumptions on probability distributions and correlations and that it can be linked to any model code. The key limitation is the large run times for computational intensive models and the huge amount of outputs that are not always straightforward to analyse.

Multiple Model Simulation

Multiple Model Simulation is a strategy to address uncertainty about model structure. Instead of doing an assessment using a single model, the assessment is carried out using different models of the same system. For instance, this can be realised by having alternative model codes with different process descriptions [START_REF] Linkov | Model uncertainty and choices made by the modelers: lessons learned from the international atomic energy agency model intercomparisons[END_REF] or, in the groundwater case, by having different conceptual models based on different geological interpretations [START_REF] Selroos | Comparison of alternative modelling approaches for groundwater flow in fractured rock[END_REF][START_REF] Højberg | Model Uncertainty -Parameter uncertainty versus conceptual models[END_REF]. The same strategy is followed in the Dialogue Model [START_REF] Visser | Identifying key sources of uncertainty in climate change projections[END_REF]. Dialogue simulates the cause effect chain of climate change, using mono-disciplinary submodels for each step in the chain. The chain starts with scenarios for economic growth, energy demand, fuel mix etc., leading to emissions of greenhouse gasses, leading to changes in atmospheric composition, leading to radiative forcing of the climate, leading to climate change, leading to impacts of climate change on societies and ecosystems. Rather than picking one main-stream mono-disciplinary sub-model for each step, Dialogue uses multiple models for each step (for instance, three different carbon cycle models, five different GCM model-outcomes, etc.), representing the major part of the spectrum of expert opinion in each discipline. This multiple model approach facilitates the inclusion of new alternative models in each step to accommodate new scientific ideas on the structure of a given sub-model. [START_REF] Refsgaard | A Framework For Dealing With Uncertainty Due To Model Structure Error[END_REF] present a new framework for dealing with uncertainty due to model structure error, based on alternative conceptual models and assessment of their pedigree and adequacy.

The main advantages of this method are that the effects of alternative model structures can be analysed explicitly and that the robustness of the model predictions increases. An important limitation is that we cannot be sure whether we have adequately sampled the relevant space of plausible models and that important plausible model structures could be overlooked.

NUSAP

The NUSAP system for multidimensional uncertainty assessment (Funtowicz and Ravetz, 1990;[START_REF] Van Der Sluijs | Uncertainty as a monster in the science policy interface: four coping strategies[END_REF]) aims to provide an analysis and diagnosis of uncertainty in science for policy. The basic idea is to qualify quantities using the five qualifiers of the NUSAP acronym: Numeral, Unit, Spread, Assessment, and Pedigree. NUSAP complements quantitative analysis with expert judgement of reliability (Assessment) and systematic multi-criteria evaluation of the different phases of production of a given knowledge base (Pedigree). Pedigree criteria can be: proxy representation, empirical basis, methodological rigor, theoretical understanding, and degree of validation. Pedigree assessment can be further extended to also address societal dimensions of uncertainty, using criteria addressing different types of value weighting, quality of problem frames etc. NUSAP provides insight on two independent properties related to uncertainty in numbers, namely spread and strength. Spread expresses inexactness whereas strength expresses the methodological and epistemological limitations of the underlying knowledge base. The two metrics can be combined in a Diagnostic Diagram mapping strength of for instance model parameters and sensitivity of model outcome to spread in these model parameters. Neither spread alone nor strength alone is a sufficient measure for quality. Robustness of model output to parameter strength could be good even if parameter strength is low, if the spread in that parameter has a negligible effect on model outputs. In this situation our ignorance of the true value of the parameter has no immediate consequences. Alternatively, model outputs can be robust against parameter spread even if its relative contribution to the total spread in the model is high provided that parameter strength is also high. In the latter case, the uncertainty in the model outcome adequately reflects the inherent irreducible uncertainty in the system represented by the model. Uncertainty then is a property of the modelled system and does not stem from imperfect knowledge on that system. Mapping components of the knowledge base in a diagnostic diagram thus reveals the weakest spots and helps in the setting of priorities for improvement.

The strength of NUSAP is its integration of quantitative and qualitative uncertainty. It can be used on different levels of comprehensiveness: from a 'back of the envelope' sketch based on self elicitation to a comprehensive and sophisticated procedure involving structured, informed, in-depth group discussions on a parameter by parameter format. The key limitation is that the scoring of pedigree criteria to a large extent is based on subjective judgements. Therefore, outcomes may be sensitive to the selection of experts.

Quality Assurance

Quality assurance (QA) may be defined as protocols and guidelines to support the proper application of models. Important aims of QA are to ensure the use of best practise, to build consensus among the various actors involved in the modelling process and to ensure that the expected accuracy and model performance are in accordance with the project objectives. Key elements of QA procedures include: (a) framing of problem and definition of the purpose of the modelling study; (b) assessment of sources of uncertainties jointly with water manager, modeller and stakeholders and establishment of accuracy requirements by translation of the water manager and stakeholder needs to preliminary performance criteria; (c) performance of model validation tests, i.e. testing of model performance against independent data that have not been used for calibration in order to assess the accuracy and credibility of the model simulations for situations comparable to those where it is intended to be used; and (d) reviews carried out by independent auditors with subsequent consultation between the modeller, the water managers and possibly the stakeholders at different phases of the modelling project.

Many QA guidelines exist such as [START_REF] Middlemis | Murray-Darling Basin Commission. Groundwater flow modelling guideline[END_REF] and [START_REF] Van Waveren | Good Modelling Practice Handbook[END_REF]. The HarmoniQuA project [START_REF] Refsgaard | Quality assurance in model based water management -Review of existing practice and outline of new approaches[END_REF]Refsgaard et al., 2005a) has developed a comprehensive set of QA guidelines for multiple modelling domains combined with a supporting software tool, MoST (downloadable via www.harmoniqua.org).

QA improves the chances that best practise is used, it makes it possible to involve stakeholders into the modelling process in a formalised framework, and it improves the transparency and reproducibility. If not designed and performed thoroughly, QA may become a 'rubber stamp' and generate false credibility.

Scenario Analysis

Scenario Analysis aims to describe logical and internally consistent sequences of events to explore how the future may, could or should evolve from the past and present ( [START_REF] Van Der Heijden | Scenarios: The Art of Strategic Conversation[END_REF]. The future is inherently uncertain. Different alternative futures can be explored through scenario analysis. As such, scenario analysis is also a tool to deal explicitly with different assumptions about the future.

Different types of scenarios can be distinguished. For instance, Alcamo (2001) discerns baseline vs. policy scenarios, exploratory vs. anticipatory scenarios and qualitative vs. quantitative scenarios. Baseline scenarios present the future state of society and environment in which no (additional) environmental policies do exist or have a discernible influence on society or the environment. Policy scenarios depict the future effects of environmental protection policies. Exploratory scenarios start in the present and explore possible trends into the future. Anticipatory scenarios start with a prescribed vision of the future and then work backwards in time to visualise how this future could emerge. Qualitative scenarios describe possible futures in the form of narrative texts or so-called "story-lines". Quantitative scenarios provide tables and figures incorporating numerical data often generated by sophisticated models. Finally, scenarios can be surprise-free or trend scenarios, that extend foreseen developments, on the one hand or include surprises and exploring the extremes (e.g. best case / worst case) on the other hand.

Scenarios can ensure that assumptions about future developments are made transparent and documented and are often the only way to deal with the unknown future. A limitation for qualitative scenarios is that it is difficult to test the underlying assumptions. For quantitative scenarios, the analysis is limited to those aspects of reality that can be quantified. Frequently, scenarios do not go beyond trend extrapolation and are surprise free.

Sensitivity Analysis

Sensitivity analysis (SA) is the study of how the variation in the output of a model (numerical or otherwise) can be qualitatively or quantitatively apportioned to different sources of variation, and of how the outputs of a given model depend upon the information fed into it [START_REF] Saltelli | Sensitivity Analysis[END_REF][START_REF] Saltelli | Sensitivity Analysis in Practice: A Guide to Assessing Scientific Models[END_REF].

Depending on the complexity of a model's output space SA methods may range from the simple to the relatively complex. If a model's output space is linear or approximates a hyperplane, SA may be conducted through a straightforward application of differential analysis. This is typically done by taking partial derivatives of the output with respect to one input, holding all other inputs constant. If a model's output space is nonlinear (or does not approximate a hyperlplane) then the assumptions for differential analysis do not hold. Differential analysis may be conducted, but the analyst should be aware that the results may apply only to a narrow range of the output space. For this reason, differential analysis in this situation is referred to as Local SA.

If the analyst wishes to conduct Global SA (i.e. SA across the model's entire output space) for nonlinear models, then other analytical methods should be used. These include such methods as Monte Carlo Analysis, Morris' method and various variance based methods such as Fourier Amplitude Sensivity Test (FAST).

The strenght of SA is that is provides insight in the potential influence of all sorts of changes in input and helps discrimination across parameters according to the importance for the accuracy of the outcome. A limitation is the tendency to yield an overload of information. Furthermore, SA most often takes the model structure and system boundaries for granted.

Stakeholder Involvement

Stakeholder involvement in not only the decision making process, but also in the modelling process, can help to assess and manage complex (environmental) problems in a better way. This potential can be tapped in three ways: [START_REF]Report of the Working Group `Democratising Expertise and Establishing Scientific Reference Systems[END_REF] by enabling them to articulate issues of concern and to improve the problem framing for research and policy; (2) by utilising their own (non scientific) knowledge and observations and their capacity to invent new options; and (3) by involving them actively in the quality control of the operational knowledge that is co-produced (extended peer review).

The RIVM/MNP Guidance for Uncertainty Assessment and Communication (Van der Sluijs et al. 2004) has a useful section on stakeholder involvement, including an instrument for discourse analysis. The HarmoniCOP project has developed a typology to characterise tools to support the public participation process in relation to implementation of the Water Framework Directive [START_REF] Maurel | Public participation and the European Water Framework Directive. Role of Information and Communication Tools[END_REF].

The key strengths of stakeholder involvement are that it increases the level of public accountability and it may increase the public support for implementation of subsequent management decisions.

Step 3: Integration of uncertainty in a deliberative approach

As previously noticed, for a given social concern or policy problem there are always, both theoretical and in practice, many feasible procedures for obtaining scientific and policy-relevant information. This implies the permanent possibility of considering the same object or method of enquiry from two or more quite distinct normative and epistemological positions.

The approach of post-normal science advocates the enrichment of understanding of complex problems by interpersonal dialogue and debate. Post-normal science poses the question of how the pursuit of knowledge quality can be framed in relation to the challenge of reconciling different points of view.

It is easy to present the scientific (and social scientific) enquiry process in a way that makes clear how the formal methodological (pre)cautions such as logical rigour, replication of results, testability and falsifiability cannot, in themselves, point unambiguously towards the True, the Good, the Best, or even a commonly agreed Way Forward. When well-structured tools of scientific (or social scientific) analysis are employed in a process of enquiry, a two-way learning process is set up.

On the one hand, the application of a conceptual framework or method of analysis gives structure to an enquiry (see, for uncertainty, tools developed in Step 1 and in Step 2). This structuring can go as far as seeking to 'test' to what extent a chosen axiomatic construction can render intelligible the phenomenal domain in question.

On the other hand, the researchers also learn about the reality that concerns them through 'listening to' what is said about the situation and about the research method and its foundations from 'other points of view'.

An emphasis on plurality does not mean to say that all methods and perspectives are assessed as 'equally good'. Rather, the question arises how assess the merit of different insights, claimed insights and knowledge claims? How might we decide what constitutes mere opinion, erroneous belief, ideological preconception, scientific observation, hypothesis or inference? And how might we develop a useful knowledge base for policy action? It is an observed fact that a great variety of justifications and 'tests' of adequacy can be invoked in relation to claims about any given situation. These include traditional scientific quality criteria such as internal coherence, falsifiability, ability to account for observed phenomena, and fecundity for orienting research. They also include considerations that we would term religious, cultural or social, and that answer in various ways to such considerations as perceived usefulness for the daily business of life, guidance as to right action, effectiveness for conflict resolution, convenience in the exercise of power … So, judgements about pertinence and adequacy of knowledge claims do not relate just to the scientific quality (or defensibility) of the knowledge, information or opinion as assessed by scientific criteria alone. They relate to the roles that can be played by (and claimed for) different sorts of knowledge in their diverse cultural, social and policy contexts.

This raises the question to what extent is it appropriate to be attentive to different points of view?

To what extent and in what sense might 'integration' of different opinions, understandings and perspectives be desirable? In what terms might this integration be attempted? It is useful, in this regard, to contrast two notions of integration, which are based on contrasting notions of reconciliation (O'Connor, 1999).

The first seeks reconciliation of all knowledge within the terms of a single and internally consistent conceptual framework.

The second seeks reconciliation of perspectives and understanding as coexisting in society in their (irreducible) plurality.

In the discursive and dialogical perspective, the emphasis is on reciprocal communication and the mutual learning capacity of persons-in-society. The starting point in any (social) scientific enquiry would be to seek to understand the ways that the concerned individuals and populations (or, in a policy context, the stakeholders) themselves understand and account for events and for their own actions, preoccupations and opinions. In this approach, scientific enquiries and analyses are to be judged-validated or invalidated-only partly by reference to their 'internal' norms of coherence, fecundity and rigour. What is as fundamental is to situate knowledge claims and processes by reference to the 'social', 'cultural' and 'stakeholder' considerations relating to the particular situation and circumstances of the enquiry. Now, many pragmatic reasons might be given for adopting a 'participatory' perspective on research and integration of knowledge. But these possible reasons are not all on the same normative and epistemological planes. For example:

It may be argued that attention to and respect for the way that different 'stakeholders' view the problem can be important as a basis for good public relations-that is, for effective communication of research results to the interested policymakers and public.

Moreover, such attention might be essential in order to achieve high public acceptability of scientific work and, hence, a reliable and durable policy usefulness of the work.

As has been suggested in the themes of post-normal science, where decision stakes are high and there are scientifically non-resolvable uncertainties, value-plurality and social controversies over decision criteria tend to emerge as glaring social facts. What this means is that many different points of view can be expressed, none of which is wholly convincing (to everybody, all of the time …), none of which deals entirely adequately with all aspects of the situation, but none of which can be wholly rejected (by everybody) as having nothing at all relevant to say about the situation and about what should be done and why. Moreover, claims of knowledge and opinion are bound together with sentiments about meaning and significance-the properly social dimensions-and science has to find its roles in this sea of meanings and passions and aspirations and convictions.

Knowledge in the sense of inter-subjective understanding is thus to be distinguished from the sort of knowledge obtainable through measurement of objects and physical processes and the scientific prolongations such as modelling based on logics of deductive explanation or geared to prediction. Two irreducible dimensions along the plane of social science knowledge are, first, the need to interpret social events and their significance, and, second, the need for this knowledge to be expressed socially, that is, shared and communicated. (And this interpretative process of gaining and sharing-or disputing-social knowledge is, also, a process of representation that contributes in its turn to social life …). This view of social science knowledge and social science practice thus reposes on a particular view of the social life process; and this view of the social life process is what, in its turn, underpins the deep justifications for the significance of participatory research. Equally, this is a social sciences epistemology support for the role suggested by Silvio Funtowicz and Jerome Ravetz in their postnormal science for an 'extended peer community' in scientific quality assurance and public policy evaluation.

Complementary to this approach in terms of knowledge quality assessment, two tools have been developed to evaluate the pertinence of knowledge in environmental socio-economic and cultural contexts. The "KerBabel™ Indicator Kiosk" is a deliberation support tool designed to establish a dialogue towards indicators (see section 7), whereas the "KerBabel™ Deliberation Matrix" has been developed to structure information, judgments, methods and communication, at different scales, in an integrated way, and to establish relevant propositions of options for the future (see section 8). 1

Uncertainty Integration in a dialogue on Indicators

All these considerations lead to identification of the need for a cataloguing system that can organise and make accessible a great diversity of information with reference to, on the one hand, the various sources and, on the other hand, the envisaged contexts of use. We present here, as exemplary of this need, the on-line metainformation system developed by the KerBabel™ team at the C3ED in France, called the "KerBabel™ Indicator Kiosk" (or KIK for short). The KIK is conceived as a 'forum' permitting users to build up a catalogue of "candidate indicators" for a decision or governance problem, and allowing an ongoing dialogue between the producers and users of information. The KIK design considerations follow the principle of a "progressive disclosure of information" (Peirera Guimaraes & O'Connor 1999). For each indicator (and thus, for the system as a whole) three levels of meta-information are established.

At level 1, the user sees the overall structure and profile of meta-information offered for an indicator.

At level 2, a standard format is offered for the characterisation of individual indicators, covering both (1) the scientific and technical considerations of rigour, coherence, measurement, uncertainty, validation and interpretation, and (2) the user-oriented considerations of pertinence for framing a decision problem and for supporting a multi-user learning activity. This framework includes provision for judgements and"comments" to be offered by 'producers' and 'end-users' of the information (both of whom are considered to be among the stakeholders in the deliberation problem being addressed).

Finally, at level 3, the user may be referred to elements of supplementary information (which may, depending on character and availability, include access to the 'data' itself). Notably, the user is offered, throughout level 2 of the main KIK, opportunities to consult (through hyperlinks) the components of complementary information.

We present here the level 1 structure, which shows the KerBabel™ Indicator Kiosk as built up in five main sections (see schematic presentation on the following page). Section §KIK.1 and Section §KIK.2 of the KIK characterise the information category 'in itself', viz., its 'content'. Subsequent sections of the KIK then propose metainformation relating specifically to the envisaged contexts of 'use' of the information in multistakeholder multi-criteria deliberation processes. In this section, some information concerning Knowledge Quality Assessment, as described previously, are accessible. Section §KIK.3 relates the information category to the 'issues' being addressed, including attention to the spectrum of stakeholders, the different scales of observation 1 The Kerbabel © tools are developed by IACA team (Incertitudes, Analyses, Concertation & Aménagements) from the Research Centre on Economics and Ethics for Environment and Development (C3ED), University of Versailles Saint-Quentin-en-Yvelines, Guyancourt, France. These developments were funded by European and French projects (GOUVERNe, PEGASE, ViRTUALiS, ALARM). and action, and the range of sites under consideration.

Postulates of an indicator's evolution through time, e.g., in the case of a comparative scenario analysis, require distinct considerations as framed in Section §KIK.4. Finally, the KIK has a reflexive component, containing in Section §KIK.5 a documentation of the ways that the information is mobilised/exploited in the representation framework of the reference study or project.

Looking at Sections §KIK.3 and §KIK.4, it can be seen that, in effect, the definition of contexts of information production and use in the KerBabel™ Indicator Kiosk privileges five axes (see Figure 1):

The scale(s) at which observation, analysis and/or measurement takes place;

The geographical places or site(s),

The decision making, management, evaluation or governance issues that are or might be in mind;

The stakeholders that might have something to contribute;

The scenarios within which the information may play a descriptive or evaluative role.

The role of the Section §KIK.3 meta-information is to frame indicator pertinence as a function of physical and societal contexts of use or, in other words, a portrayal of the information's 'fitness for purpose'. The situation-specific facets include, notably, the set of "Performance issues" that are identified for the organisation of the multi-criteria evaluation ( §KIK.3.1), the set of stakeholder categories to be distinguished in the framing of deliberation perspectives ( §KIK.3.2). Beyond these aspects, depending on the overall framework of analysis and representation, there may (or may not) be a need to specify the organisational scale(s) at which the information is applicable ( §KIK.3.3) and/or the range of sites for which a characterisation (description, evaluation and/or comparison and/or aggregation) is envisaged ( §KIK.3.4).

Since indicators are, by hypothesis, selected with reference to one or more specific performance ISSUES, the KIKiosk indicator profiles will highlight the insight that each indicator is thought to offer on the relevant issues. This constitutes Sub-section §KIK.3.1 of the KIKiosk.

Information is presented about the category(ies) of Stakeholder suggesting an indicator and/or its deployment. This constitutes Sub-section §KIK.3.2 of the KIKiosk.

The scale of description greatly influences perceived relevance for issues and for different stakeholders. So a characterisation is made of the Scale of representation at which the indicator is defined and employed and, from this starting point, of the place of the indicator in a multi-scale representation (inasmuch as this is developed). In the fullest KIK development envisaged, each indicator suggestion (concept, measurement, type of observation, etc.) is placed in a systems context with reference to the four major types of system organisationeconomic, biophysical, institutional and social -and is assigned to an appropriate "level" of system organisation. A specification is then developed, relative to this level, of possible changes of scale -for the relevant types of organisation -leading to other indicators "up" or "down". This framing allows an assessment of the indicator's meaningfulness or robustness of aggregation/disaggregation, that is, shifts in organisational scale along biophysical (territorial, material and spatial), economic (sectoral), political (governance) and social (community identity, networks, etc.) axes. This constitutes Sub-section §KIK.3.3 of the KIKiosk.

Depending on the overall framework of analysis and representation, there may (or may not) be a comparison or aggregation across several sites. Provision is made for characterising whether and how each indicator is utilised in the (comparative) characterisation of sites. The issue of site-specificity for site-level evaluation and for eventual transferability and/or comparisons from site to site, is addressed in terms of the four dimensions of sustainability (viz., economic, environmental, community and political aspects). This constitutes Sub-section §KIK.3.4 of the KIKiosk.

Complementary to the spatial/societal scope of the Section §KIK.3 profiling information, the role of Section §KIK.4 is to frame the time-development of indicators.

Provision is made for characterising whether and how each indicator is engaged for exploration of "WHAT IF?" situations, e.g., in the (comparative) characterisation of Scenarios. This constitutes Section §KIK.4.1 of the KIKiosk.

Provision is also made for characterising the uncertainties and inherent indeterminacies of any futures/scenario perspective. This constitutes Section §KIK.4.2 of the KIKiosk.

Each and all of Sections §KIK.1 to §KIK.5 can be regarded as the 'heart' of the metainformation. We do not, in this paper, discuss the 'classical' features of metainformation in the KIK Sections § KIK 1 and § KIK 2 (units,sources,uncertainty,etc.). Nor do we further discuss the Section §KIK.5, which presents meta-information on the role or roles that the indicator plays, or might play in the reference study or system of analysis and representation (that is, of production and mediation of knowledge). The point is that all of these facets are necessary for multi-stakeholder dialogue on science-society interfaces.

Overall, the KerBabel™ Indicator Kiosk is envisaged as an interactive knowledge management system that potentially has several uses. Notably:

It can be a framework for the documentation of information categories employed in modelling, map representations, transects etc. used in scenario and policy evaluation work, allowing scientists and other stakeholders ready access to the definitions of information concepts, the sources, their uses in models (etc.) and, considerations of the pertinence of the information as a function of need and context; It can be a framework for the management and accessing of 'candidate indicators' that are proposed for application in a multi-criteria multi-stakeholder deliberation framework (notably, in our context, the Deliberation Matrix);

Our particular focus here on Sections §KIK.3 and §KIK.4 is to highlight the way a framework for science-policy / researcher-stakeholder dialogue can be built up, making a platform for accessing and judging the reliability and pertinence of information produced and used in widely disparate contexts. Of course, an appropriate framing of "THE ISSUES" and "THE STAKEHOLDERS" depends on the character of the activity and also on the wider institutional context of the analysis. The purpose and scope of analysis is what will determine whether or not "SCENARIOS" are formulated, how many different "SCALES" of observation are involved, and whether or not a comparative treatment of several "SITES" is envisaged. The specification of content for each or all of these five categories is the basis for structuring the stakeholder dialogue processes.

Finally, the considerations offered here about building dialogues between 'producers' and 'users' of information remain applicable even if there is not a fully integrated analysis going on. The KIK for example, can be used to organise a documentation of views about the pertinence of information sets, as a function of need and context (viz., for one site or another, for one issue or another, for this or that stakeholder group, at different scales of observation and governance, and so on), even in the absence of any formal modelling, policy evaluation or decision scenario framework.

The reason for this robustness is that clear communication of 'context' is more important than detailed 'content' for building meaningful dialogue. Neither "knowledge" nor "information" means anything without reference to a context that permits the data, measures or ideas to be interpreted and to take on significance or meaning. A good indicator set, modelling exercise, map representation (etc.) must not just carry cogent information, it must also connote frameworks of purpose and collective action.

In particular, the linking of 'bottom-up' (stakeholder-based) to 'top-down' (expert, scientific based) perspectives can help to ensure the effectiveness in practice of indicator systems. It allows stakeholders with local and often site-specific preoccupations, to see how their particular concerns are examples of issues addressed by the wider scientific and governance community.

The interactions with a cross-section of stakeholders facilitate the identification of a spectrum of relevant indicator categories and operational indicators at the 'local' scale, that is, having meaning to stakeholders in the contexts of their everyday activities and operations.

The search for 'generic concepts', motivated by considerations of parsimony, clarity and eventual transferability of the methodology to other case studies, can be pursued through the attempt at reconciliation of indicator proposals obtained through the 'bottom-up' participatory processes with frameworks based on international typologies and integrated analysis.

In this way, the local significance of proposed indicators is transparent and, at the same time, stakeholders can be led to appreciate the role of the indicator systems for analysis and representation of wider societal issues and objectives of economic, environmental and social sustainability.

Uncertainty Integration in a dialogue on options for the future

In a multi-stakeholder deliberation context, the role of scenario development is the construction of a set of exploratory views of the future that acts as a support allowing stakeholders to discuss and appraise the relevant action, policy, decision or uncertainty and governance issues. The evaluation of scenarios -or of options for action -takes place from many different points of view. As the multiple perspectives are brought to bear on a common ground (the scenario set) then the tensions, conflicts of interests, uncertainties and dissent (amongst scientists as well as decision makers, administrators and stakeholders from different walks of commercial activity and civil society) can be expressed and explored in a structured way.

The evaluation process is not purely analytical. Rather, it is a social process with strong interactive and inter-subjective dimensions, which open up the possibility of 'emergent' properties. By proceeding through the steps of choosing indicators cellby-cell, the group members may be drawn into discussing the relative merits and demerits of the different scenarios, of the different indicators, of the different methods for arriving at a synthetic judgement, and so on. Beyond that, the vision of collaborative learning through participation in a 'social choice game' is based on the hypothesis that individual reflection and/or exchanges of views between protagonists in a deliberation/negotiation process may lead to modifications at any or all or the steps of the choices and judgements leading up to an entry in a cell of the Matrix table. Group members 'representing' stakeholders of one type may also try to persuade stakeholders of another type to modify their criteria or relative weighting; and so on.

The KerBabel™ Deliberation Matrix framework highlights the information requirements for, on the one hand, representing the situation and its possible evolution (via, we presume, a set of options or scenarios) and, on the other hand, making judgements about the present and eventual future situation (via a battery of indicators). But the sources of this 'information base' are complex.

On the one hand, scenarios may be described and portrayed using a great variety of types of information, including qualitative descriptions (e.g., the scenario 'storyline' and information on institutional changes) and also quantitative indicators (e.g., numerical and visual information specifying land uses, fish species catches, demographic profiles, prices and costs, etc. through time and on a geographically distributed basis) portrayed through analytical models, maps and so on). A diversity of performance concepts are thus already incorporated as components of the scenario descriptions and, as such, are already presumed or immediately lend themselves to exploitation as indicators. On the other hand, there may be key performance concepts identified through interactions with stakeholders (formal research, public debate, etc.) which are not analytically incorporated into scenario descriptions but which are nonetheless considered as potentially interesting types of 'observations about' the situation.

Concepts or information categories put forward by decision makers, administrators or other stakeholders as 'candidates' for planning and evaluation purposes, will not always be tightly linked to the formal categories engaged in the scenario descriptions. This is inevitable, given the complexity of the economic and ecological phenomena involved and the diversity of activities and uses.

Collaborative learning can be structured through participation in an evaluation process, presented as the invitation to make an appraisal of the different resource management scenarios in a multi-media framework.

The range of options, of governance issues and of stakeholder categories must be established on the basis of prior analyses or real-time deliberation. By focussing on each cell of the Cube, the idea is conveyed that each stakeholder class should offer a judgement (satisfactory, poor, intolerable, etc.) of each scenario in relation to each of the key governance or decision issues.

One obtains in this way a rectangular array of cells, being a layer of the Matrix, within which each row represents the evaluations (issue by issue) furnished by a given class of stakeholders for successive scenarios. Or, looked at from another angle, one obtains the evaluations by each stakeholder, of a given scenario. And so on.

According to this schematic model, which is now available as an on-line tool called KERDST,1 the evaluation activity proceeds through the step-by-step phase -which can be undertaken on an individual or a collective basis within the group -of the colouring the cells of the 3-D Deliberation Matrix. Several variations are available, with increasing structure (see Figure 2). The first and simplest variation is simply to colour the cells using an intuitive code such as [red = bad], [yellow = not so bad], [green = good], [white = no idea], [blue = don't care] (and so on).

A second, slightly more sophisticated variant is 'colouring the cells' but with, at the same time, use of a text box for adding an explanation or commentary of the judgement (colour) made.

Finally, an 'objective' basis or motivation for the judgement (colour) proposed in each cell can be constructed through the selection of a 'basket' of indicators that are taken to characterise relevant attributes of the scenario or choice/action under scrutiny. In this case, the indicators themselves are managed in a catalogue r eferred to as the "KerBabel™ Indicator Kiosk" (KIK), which can be accessed through on-line interfaces with the Deliberation Matrix (see KERDST interface). This means that the KERDST evaluation process and outcome is built by several layers of judgements:

The selection, from amongst the range of "candidate indicators" available in the KIK, of a set of (not more than 5) indicators for each basket;

The interpretation (significance) to be attributed to each indicator in a basket; and

The relative or absolute importance (weight) of each indicator in relation to the others in the basket, for arriving at a synthetic judgement for the cell as a whole;

The overall comparison, via the Deliberation Matrix, between scenarios based on the multistakeholder multicriteria profile of each one.

Above and beyond the formal aspects of indicators and multi-criteria methodology (weights, aggregation, non-commensurability, etc.), the participants or users of KERDST are, in effect, invited to engage in a 'social choice' game to search out the scenario that corresponds, to the greatest extent possible, a specified political goal. It may be that each 'player' has their own private goal. Alternatively, if the political ideal is for an 'inclusive' resource management policy that is broadly acceptable to all stakeholder groups, then operationally this may be translated as the goal of identifying a scenario for which there are no red or 'veto' scores in the array of stakeholder/issue evaluations.

In sum, the structuring of a formal multiple stakeholder, multiple criteria policy scenario evaluation process in this way, presents the following advantages:

It permits the transparent organisation and mobilisation of a variety of categories of information and analysis (from diverse sources), with explicit reference to the social choice or governance issues;

It presents in a didactic and transparent way, the central challenge of an open political process, which is to negotiate some sort of 'compromise' around conflicting interests and with recognition of a plurality of legitimate principles for choice; It facilitates, through the mobilisation of stakeholders in different components of the deliberation process, the development of a dialogue capacity between the different classes of knowledge producers (both 'formal' and 'informal') associated with the management problem and also between knowledge producers and the different classes of 'users' of knowledge in the society It provides a framework for a structured discussion and evaluation of the significance, for the policy or governance issues being addressed, of the different forms of uncertainty that may be associated with the various classes of empirical information, modelling and simulation results being introduced into the deliberation.

Conclusion

Three steps have been considered to integrate and to articulate uncertainty across its technical, metodogical, epistemological and societal dimensions. The first one concerns diagnosis of uncertainty. The second one is characterisation and analysis, which is linked to the quality of knowledge and its evaluation by the scientific community and/or an enlarged community of peers. And the third deals with the pertinence of knowledge in intergrating uncertainty in a dialogue about indicators (the KerBabel™ Indicator Kiosk) and about scenarios (Kerbabel ™ Deliberation Matrix).

The post-normal perspective on science and technology encourages us to adopt a dialogue model of knowledge (Funtowicz & Ravetz, 1990;O'Connor, 1999). But, an 'epistemology of dialogue' has many facets. Different components of social science evoke a spectrum of social and institutional dimensions including the pertinence of multi-stakeholder dialogue and of "concertative" governance. Common to all these is the notion of a 'dialogue' that can be proposed -and deliberatively constructedbetween the disparate components of society, including dialogues between different perspectives on science and on the science-policy interface (see Step 1), between different social science models and perspectives of governance (and so on).

Two themes are fundamental for this dialogue model of knowledge. First, under conditions of 'imperfection of knowledge' (as described in Step 2 above), it is not necessarily presumed that disciplinary sciences advance towards a full unity of knowledge. This 'full unity' is infinitely removed from our sight. What we are left with is the perspective of mobilising incomplete knowledge and exploring considerations of pertinence of knowledge as a function of context (see Step 3). Accepting this standpoint means reappraising the role and status of science as a help for navigating in complexity. Not only is knowledge always 'incomplete' in ways that can pose real practical dilemmas, but also there can, at any time, be an irreducible and legitimate plurality of theoretical perspectives and frameworks of analysis. This seems true for the natural science of complex systems and, even more so, for the conditions of social life and, a fortiori, for the social sciences. So the theme of dialogue is particularly pertinent for the interdisciplinary domain of policy science at the crossroads of complex systems sciences and the social sciences.

Second, knowledge in the sense of inter-subjective understanding and meaningful relations is fundamentally to be distinguished from the sort of knowledge obtainable uniquely through measurement of objects and physical processes and the scientific prolongations such as modelling based on logics of deductive explanation or geared to prediction. Two irreducible dimensions along the plane of social science knowledge are (1) the need to interpret social events and their significance, and (2) the prospect and desire for this knowledge to be expressed socially, that is, shared and communicated. Moreover, the structures of meaning, symbolic reference and so on are 'cultural' forms that are largely pre-existent for each individual and which 'condition' and permanently socialise the individual just as much as the physical circumstances of life [START_REF] Castoriadis | L'Institution Imaginaire de la Société[END_REF].

These points of epistemology help to illuminate the hopes placed in "stakeholder dialogue" and deliberation. One of the central tenets of "deliberative democracy" as a political model is that socially robust and legitimate decisions on complex subjects cannot rely on elites or on professional expertise alone; there also needs to be the expression of the wider "social demand" through the integration of a broad spectrum of society's stakeholders. Many distinct principles, justifications and ethics about what is fair and right, can and will be put up for consideration. Evaluation of choices will be framed within a social-political process where conflicts emerge and must be resolved between competing interests, between people holding different value systems and different principles of judgement and also between different representations of future states and different visions of the world. The challenge then is to work with a permanent exchange, argumentation and sometimes compromise between different principles of choice.

Box 1 :

 1 Error propagation rules using standard deviation (σ ) Addition and Subtraction: z = x + y + .. or z = x -y -.. Multiplication by an exact number: z = c x x z cσ σ = Multiplication and Division: z = x y or z = x/y .. 2 2

Figure 1 :

 1 Figure 1: The KerBabel™ Indicator Kiosk (O'Connor 2004)

Figure 2 :

 2 Figure 2: The KerBabel™ Deliberation Matrix (O'Connor 2006)

Table 1 :

 1 Foci and key issues in Knowledge Quality Assessment. Transparent and effective uncertainty management in science-for-policy asks for systematic reflection and argued choice.

(From determinism, through probability and possibility, to ignorance)

  

		Type					Nature of uncertainty	Qualification of	Value-ladenness
		Location ↓	probability) Statistical uncertainty (range+	option) Scenario-uncertainty ('what-if'	Recognized Ignorance	Knowledge related uncertainty	Variability uncertainty related	base (backing) knowledge	of choices
			Ecological,			Sc			NUSAP / EP
	Context	technological, economic, social and political	SA QA EE	Sc QA SI EE	MQC QA SI NUSAP/EP	NUSAP / EP MQC QA EE	MQC QA PR EPR	CRA, PRIMA Sc, AA, SI, EE PR, EPR
			representation			EE			EE
	Data (in general sense) Model Inputs M	Measurements+ Monitoring data; Survey data Measurements monitoring data; survey data Parameters	SA, Tier 1 MCA EE	Sc EE	Sc QA NUSAP MQC DV MV EE	NUSAP MQC DV QA EE	NUSAP MQC QA PR EPR EE	CRA PRIMA Sc PR EPR SI
	o d	Model Structure	Relations	SA, MMS, EE, MQC, MC	Sc, MMS	NUSAP, MQC, MC, MV	MQC, NUSAP, QA, EE	MQC, NUSAP, MC, MV, PR, EPR, EE	CRA, PRIMA, MMS, PR, EPR, SI
	e l	Technical Model	Software& hardware-implement.	QA SA	QA SA	QA SA	PR		PR	SA PR
	Expert Judgement	Narratives; storylines; advices	SA, QA EE	Sc, QA, SI, EE	Sc, MQC, QA, SI, NUSAP/EP, EE	NUSAP / EP MQC, QA, EE	NUSAP / EP, MQC, QA, PR, EPR, EE	CRA, PRIMA, Sc, AA SI, PR, EPR, EE
		Outputs		(indicators; statements)	Sc, SA, Tier1, MC, EE	Sc, SA, EE	NUSAP, EE		

NUSAP, MQC, PR, EPR, EE NUSAP, MQC, QA, PR, EPR, EE CRA, PRIMA, PR, EPR Explanation of abbreviations in table 1: AA: Actor Analysis; CRA: Critical Review of Assumptions; DV: Data Validation; EE: Expert Elicitation; EP: Extended Pedigree scheme; EPR: Extended Peer Review (review by stakeholders); MC: Model Comparison; MCA: Tier 2 analysis / Monte Carlo Analysis; MMS: Multiple Model Simulation; MQC: Model Quality Checklist; MV: Model validation; NUSAP: NUSAP; PR: Peer Review; PRIMA: PRIMA; QA: Quality Assurance; SA: Sensitivity Analysis; Sc: Scenario Analysis; SI: Stakeholder Involvement; Tier 1: Tier 1 analysis (error propagation equation).

5.

Step 2 (repertoire): Tools to Assess Uncertainty Many

  methodologies and tools suitable for supporting uncertainty assessment have been developed and reported in the scientific literature. In the following, twelve of the most commonly applied methods and tools are briefly reviewed: Error Propagation Equations, Expert Elicitation, Extended Peer Review (review by stakeholders), Inverse Modelling (parameter estimation), Inverse Modelling (predictive uncertainty), Monte Carlo Analysis, Multiple Model Simulation, NUSAP, Quality Assurance, Scenarios Analysis, Sensitivity Analysis and Stakeholder Involvement.References to more detailed descriptions and to supporting software tools are provided inRefsgaard et al. (2005b, forthcoming). For several of the methodologies more extensive descriptions are available in the RIVM/MNP Tool Catalogue that served as a starting point for the overviews presented by[START_REF] Refsgaard | HarmoniCa Guidance Uncertainty Analysis[END_REF] forthcoming) and here(Van der Sluijs et al., 2004).1 

To download the text, see the website, http://www.nusap.net/downloads/articles/modelsasmetaphores.pdf

See the report n° NWS-E-2004-37 « Tool Catalogue of the RIVM/MNP Guidance for Uncertainty Assessment and Communication », Peter Janssen (RIVM/MNP), Jeroen van der Sluijs (University of Utrecht), for the project on 'Uncertainty Analysis' (S/550002) for RIVM.ISBN 90-393-3797-7, Copernicus Institute & RIVM, Utrecht/Bilthoven, 2004. 

The checklist instruments can be downloaded from http://www.nusap.net/sections.php?op=viewarticle&artid=17.

Note that in section 10 comprehensive references are provided, grouped for each tool

For a direct access to the Deliberation Matrix, see the website : http://kerdst.c3ed.uvsq.fr/