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Linking deliberative evaluation with integrated assessment and 1 

modelling: a methodological framework and its application to 2 

agricultural water management 3 

 4 

Abstract:  5 

Dealing jointly with both systemic and social complexity is a challenge that we face with sustainability 6 
issues. However, joining these two aspects of complexity is more a “post-normal science” call than an 7 
effective practice. Roughly speaking, analytical-systemic approaches focus on the complex-system 8 
side, while deliberative approaches deal with the multi-actor side. Our framework for evaluating 9 
different alternative actions, called the S2CE, is intended to reconcile the two approaches. It takes as 10 
premises: the recognition of plural values, which makes competing actions only weakly comparable; 11 
and the existence of irreducible uncertainties, which gives a heuristic status to the future. The 12 
framework hybridises an integrated assessment and modelling exercise, with a deliberative multi-13 
criteria evaluation one, and concludes with a reflexive stage. Application to agricultural water 14 
management illustrates the strength of this cross-fertilization. First, the use of computer simulations 15 
has been found to enrich collective deliberation by helping stakeholders form and transform their value 16 
judgments, and by raising critical questions about options that appeared consensual. Second, the 17 
deliberative evaluation informed the integrated assessment and modelling by revealing some model 18 
limitations, along with the model’s unequal capacity to reflect the claims of different stakeholders.  19 

 20 

Keywords: post-normal science and technologies, multi-criteria evaluation, integrated assessment 21 
and modelling, agricultural water management, collective deliberation, science-policy interface, 22 
transdisciplinarity. 23 

 24 

1. Introduction: clarifying the challenge 25 

“Normal” science and “command and control” management have already attracted half a 26 
century of criticism, due to their inability to provide satisfactory answers to sustainability 27 
issues. In reaction, post-normal science has offered an appealing science-policy philosophy 28 
to approach sustainability-related problems, including GMOs and climate change. Post-29 
normal science is supposed to apply “when facts are uncertain, values in dispute, stakes 30 
high and decisions urgent” (Funtowicz & Ravetz, 1990). One of its leading principles is to 31 
break the dichotomy between facts (“hard”, “unquestionable”) and values (“soft”, 32 
“unscientific”) by producing knowledge and evaluating its social robustness within extended 33 
peer communities (Funtowicz & Ravetz, 1993). Unravelling and communicating uncertainties 34 
is another founding principle of the post-normal science approach (van der Sluijs, 2002). 35 

Post-normal science has found fertile ground for development within diverse fields and for 36 
different purposes (Turnpenny, Jones, & Lorenzoni, 2011). Applied to complex systems, it 37 
has helped to renew the conception of modelling for decision-making (Allison, Dickson, 38 
Fisher, & Thrush, 2018; Haag & Kaupenjohann, 2001). It has also been taken up by social-39 
ecological economists to support an alternative view of sustainability that departs from 40 
standard environmental economics (Frame & Brown, 2008; Funtowicz & Ravetz, 1994; 41 
Giampietro, Mayumi, & Munda, 2006; Munda, 2004) and promotes deliberative processes for 42 
reaching collective choices (Paavola, 2007; Vatn, 2009; Zografos, 2015). Modellers of social-43 
ecological systems and social-ecological economists mainly adopt the idea that sustainability 44 
problems are “wicked”, but with different standpoints. The former adopt a systemic-analytical 45 
approach and put the emphasis on interconnections between problems and between scales 46 
(changes at one scale can trigger sometimes drastic changes at other scales, e.g. Tschakert 47 
et al., 2014). The latter, favouring deliberative approaches, focus instead on radical 48 
uncertainties and the weakly-comparable representations across people (Frame & O’Connor, 49 
2011; Martinez-Alier, Munda, & O’Neill, 1998). 50 



Different standpoints imply different drawbacks, when evaluating different options for change. 51 
Modelling and scenario exploration, as typical methods in analytical-systemic approaches, 52 
help surfacing feedback loops and the range of potential effects of a change. However the 53 
model embodies a shared representation of the social-ecological system under scrutiny (Kok, 54 
Rothman, & Patel, 2006; March, Therond, & Leenhardt, 2012; Tschakert et al., 2014; 55 
Vervoort, Kok, van Lammeren, & Veldkamp, 2010). This representation is often monolithic 56 
and  offers little room for the confrontation of different value judgments. On the other hand, in 57 
deliberative approaches to sustainability issues, systemic complexity is often largely 58 
overlooked. To avoid comparing “apples and oranges”, social-ecological economists deal 59 
with fragmented and competing representations of the problem at stake. The analysis of the 60 
interplay between different issues is too narrowly limited to the consideration of trade-offs 61 
between stakeholders’ preferences. Overall, systemic-analytical and deliberative approaches 62 
should be combined in order to avoid choosing between envisioning counter-intuitive effects 63 
of changes and tackling social dilemmas.  64 

It is not a new epiphany that systemic and deliberative approaches should be linked better to 65 
meet post-normal challenges (Allain, Plumecocq, & Leenhardt, 2017; Bond, Morrison-66 
Saunders, Gunn, Pope, & Retief, 2015; Rauschmayer & Wittmer, 2006). However, 67 
transforming this claim into practice remains problematic. This is what we want to focus on in 68 
this article. Before putting forth our argument, we would like to clarify some challenges that, 69 
in our opinion, explain the difficulty of linking the two approaches. 70 

First of all, the role of modelling appears to be a major bone of contention. Analytical 71 
approaches accommodate modelling very well, with for instance the Integrated Assessment 72 
and Modelling (IAM) community. Models are seen as tools to foster social learning (Pahl-73 
Wostl et al., 2007)  as well as to communicate uncertainties, trade-offs and cross-scale 74 
effects (Hamilton, ElSawah, Guillaume, Jakeman, & Pierce, 2015; Pahl-Wostl, Schlumpf, 75 
Büssenschütt, Schönborn, & Burse, 2000). Involving stakeholders has become a routine 76 
practice, although the stages and degrees of stakeholder involvement vary widely among 77 
cases (Voinov et al., 2016).  The aim is to assemble different sources of knowledge, either in 78 
the form of “soft” models used as intermediary objects or as integrated computer models  79 
which connect together different sub-models originally used for other purposes.  80 

However, models (especially computer models) suffer from a long history of “technologies of 81 
hubris” (Jasanoff, 2003) and are therefore considered cautiously, if not suspiciously, by 82 
social scientists for deliberation purposes. Most of the critics come from the accentuation of 83 
framing biases, i.e. when the solution to a problem is already incorporated in its formulation, 84 
with model-based indicators (Elgert, 2013), as well as the lack of reflection on ambiguity, in 85 
the sense of coexistence of equally-legitimate representations of the same system 86 
(Brugnach, Dewulf, Henriksen, & van der Keur, 2011). Petersen et al. (2011) add to it the 87 
impracticability of models for assessing innovative or marginal discourses: “Using rigorous 88 
methods such as scenario design and system-bounded models only partially allowed for 89 
incorporation and processing of the creativity and out-of-the box ideas that were generated 90 
by stakeholders.” (p. 376).  91 

Second, the conception of “integration” is another matter of silent dispute. In many respects, 92 
the integration promoted in analytical approaches is incompatible with the treatment of 93 
incommensurabilities – the absence of a common metric to compare different issues - 94 
emphasized by social-ecological economists (Frame & O’Connor, 2011; Martinez-Alier et al., 95 
1998; Munda, 2004). In IAM, for instance, integration covers different domains, e.g. issues, 96 
stakeholders, disciplines, processes and models, and scales (Jakeman & Letcher, 2003) – a 97 
list that varies across authors. Integration is generally materialized by a conceptual model, 98 
which is a formal representation depicting “our current understanding about the structure and 99 
workings of a system” (Argent et al., 2016). To a lesser extent, the same occurs with 100 
multicriteria analysis, when conceived out of a deliberative framework. A series of attributes 101 
or criteria portrays different aspects of a problem that vary in different directions: the analysis 102 
consists of assessing trade-offs and producing a synthetic evaluation. In this case, the 103 
multicriteria structure reflects an analytical decomposition of the problem, not the 104 
juxtaposition of stakeholders’ representations. 105 



However, with integration comes the spectre of a single problem representation, hence mode 106 
of valuation, that heterodox economists, and among them social-ecological economists, 107 
condemn (Spash, 2009). While integration is also a pivotal topic in ecological economics, it 108 
has a specific focus on “problem compressions” (Giampietro, 2003) and the way values are 109 
articulated (Martinez-Alier et al., 1998; Vatn, 2009). The different evaluation methods 110 
promoted (e.g. social multi-criteria evaluation or deliberative multi-criteria evaluation) have in 111 
common their investigation of the social structure of a problem as well as the diversity of 112 
values attached to it (De Marchi, Funtowicz, Lo Cascio, & Munda, 2000; Stagl, 2006). In the 113 
words of (Frame & Brown, 2008): “the notion of integration is dialogic and multi-perspectival; 114 
it is not to be imagined that the dialogue will be one that combines many voices and reduces 115 
them to a single, consensual view” (p. 226). 116 

Those distinct perspectives on integration resonate with the way participation is conceived in 117 
deliberative versus analytical frameworks. For instance, many IAM scientists consider that 118 
one crucial aspect of integration is among different knowledge and viewpoints (Hamilton et 119 
al., 2015; van Asselt & Rijkens-Klomp, 2002). To this end, they try to gather experts from 120 
different disciplines and local actors to contribute to the development of a conceptual model 121 
or of scenarios to assess (Leenhardt et al., 2012; Miller, O’Leary, Graffy, Stechel, & Dirks, 122 
2015; Tschakert et al., 2014). They use different participatory techniques and artefacts to 123 
access more remote or less formalized information held by non-scientists (e.g. farmers) and 124 
to lift “the barriers to integration” (Tress, Tress, & Fry, 2007). In contrast, in social-ecological 125 
economics, deliberation (rather than participation) has a political meaning. It constitutes an 126 
institution that articulates incommensurable values (Vatn, 2009) and not a tool to bring 127 
together the different pieces of the same puzzle. Concretely, this means that the artefacts of 128 
a deliberative exercise (indicators, scenarios, models, etc.) support the expression and 129 
confrontation of value judgments (Allain, Plumecocq, & Leenhardt, 2018; Frame & O’Connor, 130 
2011) and are not just descriptors providing a holistic view of the situation. Hence, integration 131 
and participation, which seem to flow naturally from a post-normal science endeavour, do not 132 
have the same meaning in analytical and deliberative exercises. 133 

The good news is that there are signs of rapprochement between the different communities; 134 
hence start of reconciliation between analytical-systemic and deliberative approaches. In this 135 
respect, the work of Salliou et al. (2017) that positions itself as Companion Modelling is a fine 136 
illustration. Using Bayesian belief networks to represent perceived causal links between 137 
orchard pest management and fruit quality, the modellers chose to have one parametrization 138 
of the model per actor. Based on these, they compared the different actors’ views on how 139 
different management scenarios could impact the fruit production. Using different models 140 
rather than a single integrated one generated dialogue about ambiguity, which was very 141 
close to the clarification of incommensurabilities advocated by social-ecological economists.  142 

It would also be a caricature to state that the promoters of deliberation who endorse a radical 143 
pluralism perspective, are “anti-modelling”. Frame and Brown (2008) do not close the door to 144 
modelling in their review of “post-normal technologies”, especially if it takes place in the 145 
framework of explorative futures studies. Information and Communication Technologies are 146 
also used to having different stakeholders handle diverse knowledge sources, including 147 
numerical models, to elaborate their value judgments (Guimarães Pereira, & Funtowicz, 148 
2006). Recently, Douguet et al. (under review) proposed to use their deliberation support tool 149 
in conjunction with a scenario simulation model, but so far with extensive leeway in the 150 
articulation of the two tools. 151 

Our introduction has now come full circle. To sum up: both systemic-analytical and 152 
deliberative approaches offer valuable insights for the management of wicked problems. 153 
Their combination is however challenging because the approaches to modelling and 154 
integration differ; some initiatives already show a trend towards rapprochement in order to 155 
embrace the part of complexity (systemic or social) that each of them lacks. So, in practice, 156 
how do we simultaneously envision potential surprising effects and social dilemmas when 157 
comparing different options for change? In this paper, we propose a methodological 158 
framework called “S2CE” that explicitly links integrated assessment and modelling of social-159 
ecological systems with deliberative evaluation. Our framework is about how to perform this 160 



combination under both the radical pluralism and complex system hypotheses, and how to 161 
analyse the results of such an operation. We end with an application in the field of 162 
agricultural water management that provides insights for discussing the method. 163 

2. The methodological framework: Evaluation embracing social and 164 

systemic complexity (S2CE) 165 

 166 

The S²CE reflects the fact that our evaluation (E) framework was designed to embrace both 167 
social and systemic aspects (“S2”) of complex problems (“C”). This framework builds upon the 168 
strengths of integrated assessment and modelling, on the one hand, and social/deliberative 169 
evaluation, on the other. It acknowledges, as premises: 170 

- the coexistence of different value systems that offer different representations of a problem 171 
(value pluralism);  172 

- yet, the possibility to compare competing alternatives in relative terms (“weak 173 
comparability”, Munda, 2004); 174 

- the systemic nature of social-ecological problems, which implies that their components are 175 
interdependent, provoking either rigidities or surprises when implementing changes 176 
(uncertainty); 177 

- yet, the relevance, for present action, of exploring contrasting scenarios of change that are 178 
however meaningless for the future (in line with Sardar, 2010, who states that futures studies 179 
are "futureless"). 180 

S2CE has many proximities with the Integraal framework for sustainability evaluations 181 
(O’Connor, Small, & Wedderburn, 2010) , but adds to it specific stages linked to the use of 182 
simulation models (Leenhardt et al., 2012), i.e. translation of narratives into simulation inputs 183 
and customization of simulation outputs for use by non-experts. The Integraal framework, as 184 
a typical example of deliberative evaluation, puts to light convergences and divergences 185 
among stakeholder judgments, which is a way of formalizing social complexity. However, 186 
non-linear or cascading effects have nearly no chance to integrate stakeholders’ 187 
argumentation unless they become legible elsewhere. IAM or other systemic-analytical 188 
approaches can generate this legibility. S2CE is therefore an extension of the deliberative 189 
evaluation loop with a method focusing on system’s complexity, here IAM. One peculiar 190 
feature of S2CE is to give indicators a double status: that of arguments (for the deliberative 191 
process) and that of descriptors of changes (for the purpose of systemic analysis). 192 

As a result, S2CE consists of the following 8 stages (Fig. 1): 193 

1. Problem structuring: the problem space, theoretically infinite, is turned into a finite 194 
number of alternatives, stakeholders and issues. It acquires the structure of a social-195 
choice problem. 196 

2. Translation for modelling: alternatives and issues, generally expressed in the form 197 
of narratives during the previous stage, are translated into model inputs (e.g. 198 
scenarios) and outputs (e.g. indicators to obtain), most of the time quantitative. 199 

3. Simulation: although this stage looks like “the computer works”, it actually entails a 200 
trial-and-error process, as the people implementing simulations must check the 201 
coherence of the outputs, and in many cases launch new simulations with reviewed 202 
input files or model code. 203 

4. Processing and customization: model outputs are turned into indicators, i.e. an 204 
object with meaningful information that facilitates learning about a situation and 205 
forming a value judgment about it (Allain, Plumecocq, et al., 2018).  206 

5. Integrated assessment: alternatives are assessed using a subset of indicators 207 
chosen for their ability to unravel trade-offs, uncertainties and surprising effects. In 208 
addition, the underlying mechanisms explaining the differences among indicators and 209 
among alternatives are analysed, potentially following complementary simulations. 210 



6. Multicriteria evaluations in groups: Knowledge derived from stage 5 is 211 
communicated to participants in order to have them understand the potential and 212 
limitations of indicators produced through simulations. The evaluation process stricto 213 
sensu then takes place within homogenous groups of stakeholders. Each group 214 
(considered a stakeholder) evaluates the alternatives for each criterion, i.e. they build 215 
a multi-criteria matrix. The judgments that constitute the cells of the matrix elaborate 216 
on a wide set of indicators, either taken from simulations or added de novo by 217 
participants. 218 

7. Aggregation and analysis of the multi-actor multi-criteria matrix: The multi-actor 219 
multi-criteria matrix compiles, along three axes (criteria, alternatives, stakeholders) 220 
the multi-criteria matrix of each group. A first necessary step, in a deliberative 221 
perspective, is to unravel and discuss the evaluation logic of each group. Aggregation 222 
is then required to derive a social evaluation of the alternatives. Different procedures 223 
can help this analysis: equity matrixes, outranking etc. But aggregation can be done 224 
without mathematical algorithms, by qualifying the general pattern of each alternative 225 
e.g. most appreciated, most debated, most contrasted, most consensual etc. and 226 
favouring collective deliberation to possibly define the most socially relevant 227 
alternative(s). 228 

8. Crossed analysis: This final stage aims at cross-fertilizing the results of the 229 

integrated assessment and those of the muti-actor multi-criteria evaluation. This 230 

cross-fertilization operates in two ways. 231 

First, from integrated assessment and modelling towards multi-actor multi-criteria 232 

evaluation. Some questions that the assessment raises, such as threshold effects or 233 

context-dependency, can facilitate reflection on the assumptions upon which a social 234 

preference emerged.  235 

Second, the analysis goes from the multi-criteria multi-actor evaluation towards 236 

integrated assessment and modelling. Scrutinizing the use of indicators by 237 

stakeholders furthers understanding as to if and how numeric values from simulations 238 

are turned into value judgments by different people. Above all, it reveals which 239 

stakeholders, which alternatives, and which issues are best supplied by the model.  240 

Once those framing biases are made clear, the model can be modified or compared 241 

to other modes of expertise (other numeric models, local knowledge, “ground” 242 

experience, etc.). 243 

 244 



245 

Figure 1. Stages of the S2CE methodological framework 246 

 247 

3. Application to agricultural water management 248 

Agricultural water management is an illustrative case of sustainability issues. First, it is one of 249 
the topics generating the most intense debates and conflicts throughout the world, even in 250 
temperate regions and established democracies (Temper, Delbene, Martinez-Alier, & 251 
Rodriguez-Labajos, 2015). Second, water management systems involve numerous and 252 
radical uncertainties (Pahl-Wostl et al., 2007) Third, water management systems have 253 
encountered multiple failures, whether social, ecological, or both (Budds, 2009; Walker et al., 254 
2002), which make changes all the more urgent. 255 

Calls for a change of paradigm have for more than 20 years sustained the political discourse 256 
of an “Integrated Water Resource Management”, yet persistent difficulties have been 257 
experienced in effectively democratizing water governance and switching the focus from 258 
increasing water supply towards regulating water demand. In South Western France, where 259 
our case study is situated, there are still strong legacies of the old technocratic paradigm. 260 
This is reflected in the prominence of the “Minimum Flow Requirement” indicator (Fernandez, 261 
2014), which currently structures all water management interventions, from the zoning for 262 
water policies to the operational decisions to release water stored in public dams or to restrict 263 
irrigation withdrawals. It is also evidenced in the persisting idea that water crises in 264 
agricultural areas, especially in a context of climatic change, could be solved with more water 265 
storage (Debril & Therond, 2012). 266 

With no formalized demand from stakeholders, but building upon long-term collaboration 267 
between our research team and water managers, we developed the S2CE framework while 268 
reflecting on the specific situation of a “red spot” watershed in our region. This watershed 269 
combines severe water imbalance and severe social conflicts. In this section we reconstruct 270 
the stages of the S2CE that were implemented there. 271 



3.1. Study area 272 

The Aveyron watershed is one of the Adour-Garonne watersheds exhibiting structural water 273 
imbalance, as the Minimum Flow Requirement is regularly not satisfied at the Aveyron outlet. 274 
The classification as an imbalanced watershed drives specific policies, among which a legal 275 
requirement to reduce water withdrawals. Moreover, every time the river flow falls under the 276 
Minimum Flow Requirement, a “drought cell” meets to decide on the level of irrigation 277 
restrictions to apply. To avoid or compensate for such crises, flow-supporting reservoirs were 278 
built, mostly upstream, in the 1990s and 2000s, and contracts with hydropower companies 279 
were signed to ensure the release of specific volumes of water in the rivers during the most 280 
critical periods. 281 

Our study focuses more specifically on the downstream portion of the Aveyron watershed 282 
(Fig. 2), where most of its irrigated fields are located. Half of the 800 km2 of the study area is 283 
agricultural, and mainly covered by field crops, among which the most demanding in terms of 284 
water are maize mono-crops. There are also large patches of fruit trees and seed-maize 285 
crops, which provide high added-value but require secured water inputs to be contracted. 286 
The maintaining of this agricultural activity is supported both by agricultural companies and 287 
by local authorities, as a way to keep this rural territory dynamic and attractive. However, 288 
criticism about massive irrigation is also widespread, and a tragic struggle over a reservoir 289 
project in the neighbouring watershed contributed to triggering conflict over quantitative water 290 
management. 291 

 292 

Figure 2. Location of the study area and main land covers 293 

 294 

3.2. Method stage 1: Problem structuring 295 

The list of issues and alternatives to consider was built through a bottom-up approach, 296 
involving 16 individual interviews based on a card-sorting game (a series of 15 cards with a 297 
title and a pictogram, from which interviewees had to choose the 3 to 5 they wanted to 298 
express concerns about) and a collective workshop. The 16 stakeholders interviewed were 299 



civil servants (from the Water Agency and the regional and local State services in charge of 300 
water and the environment), local government agents and councillors (from the district and 301 
local communities), environmental associations (including the fishing federation), irrigating 302 
farmers, advisors from agricultural extension services and technicians from agricultural 303 
cooperatives and suppliers. The choice was based on the principle of “representative 304 
diversity” (O’Connor & Spangenberg, 2008), not representativeness. 305 

A collective workshop attended by the interviewees aimed at defining the grid of evaluation 306 
criteria (issues) and drawing guidelines for the alternatives to evaluate (Fig. 3). Participants 307 
agreed on a list of 11 criteria based on the results of the interviews: safety, food security, 308 
economy, biodiversity, local identity, adaptation to exogenous changes, flexibility to adjust 309 
the water demand and offer, natural capital, equity, efficiency and political legibility. We also 310 
provided them with different levers for quantitative water management and asked them to 311 
rank and modify them according to how eager they were to learn about them (independently 312 
of their desirability or feasibility). Four alternatives resulting from this workshop were 313 
selected: reducing the irrigated area, improving irrigation management at the field scale, 314 
generalizing environmentally-friendly cropping systems, and concentrating the water storage 315 
capacities. 316 

Figure 3. Workshop with stakeholder to define evaluation criteria (left) and alternatives to evaluate (right) 317 

 318 

3.3. Method stage 2: Translation for modelling 319 

In our case, we used the MAELIA multi-agent model (Multi-Agents for EnvironmentaL norms 320 
Impact Assessment, Gaudou et al., 2013) which represents the interactions between farming 321 
practices, hydrology and water management. The alternatives expressed in the form of 322 
narratives by stakeholders had to be translated into input files for the agricultural and 323 
hydrological modules of MAELIA. This translation exercise was done “in lab”, with no further 324 
inputs from stakeholders. The stakeholder alternatives were translated into the following four 325 
model-compatible alternatives: 326 

1. Reduction of the irrigated area: irrigated cropping systems were turned into rain-fed 327 
cropping systems in the areas not benefitting from flow-support releases. On half of 328 
this surface turned to rain-feeding, permanent grasslands were reintroduced. 329 

2. Irrigation using decision-support tools: the decision rules for irrigating field crops were 330 
modified in order to follow plant needs and not the actual decision rules of farmers. 331 
On the MAELIA platform, it consisted in activating a “theoretical irrigation strategy” 332 
which defines the moment for launching irrigation, depending on the soil’s humidity 333 
and the vegetation stage of the crop. The dose applied was kept unchanged, to be 334 
consistent with current irrigation equipment. 335 

3. Crop rotations: Each field with maize mono-cropping (either grain or seeds) was 336 
turned into a 4-year rotation alternating sunflower, straw cereals, oil rape and maize. 337 



4. Concentration of water storage capacities: all agricultural reservoirs in the watershed 338 
were removed and replaced by three large reservoirs, disconnected from rivers and 339 
fed through winter pumping in the Aveyron river (two of the three existing reservoirs 340 
were actually enlarged). The total water storage capacity in the watershed remained 341 
unchanged, as well as the irrigated surface. 342 

The evaluation criteria had also to be translated into model outputs. This translation occurred 343 
in two main stages: the construction of indicator profiles, through expert interviews, and the 344 
selection of some for simulation. The indicator profiles (O’Connor & Spangenberg, 2008) 345 
comprised, inter alia, the names of the indicators, their definition, unit, justification, relevant 346 
scales, estimation mode, and representation. Following various exchanges with the 347 
modelling team, we selected from the indicator-profile list containing 146 potential indicators 348 
(Allain, Plumecocq, et al., 2018) those most susceptible to be impacted by the alternatives, 349 
which were easily simulated (with no or nearly no additional model development), using 350 
reliable estimates. We ended up with a list of 28 indicators to compute. 351 

3.4. Method stage 3: Simulations  352 

This stage consisted in running simulations with the MAELIA model for the four alternatives 353 
to obtain the outputs necessary to calculate the 28 indicators. Simulation runs were based on 354 
a 2001–2013 climate series. If model outputs contradicted the range of values we could 355 
expect, we looked for problems either in the input data or in the model code itself. 356 
Simulations made us realize for instance how far theoretical water restrictions (calculated by 357 
the model according to legal rules) were from real ones (adopted after negotiations). This 358 
made us opt for not using this indicator and opting instead for the number of days under 359 
Minimum Flow Requirement. Another finding was that the gross margin calculated for maize-360 
seed crops was irrelevant; we therefore discussed our input data with seed breeder trade-361 
unions and modified them accordingly. 362 

3.5. Method stage 4: Processing and customization 363 

From the 28 indicators that we were able to estimate with the model, we created a booklet 364 
addressed to the stakeholders1. For each indicator, one page detailed the definition of the 365 
indicator, its calculation, and its unit of measurement, and commented on the origin of the 366 
indicator and its purpose as well as the limitations of the model, especially in terms of 367 
reliability. A second page reported the results of the simulation for each water management 368 
alternative, in the form of graphs (generally box and bar plots) or maps (Fig.4). In addition to 369 
the “indicator booklet”, we created an “alternative booklet” summarizing the characteristics of 370 
each of the four water management alternatives simulated. 371 

 372 

                                                

1 The full booklet (in French) can be found in appendix 7 (p. 285 – 353) of Allain’s PhD thesis (Allain, 
2018) 



  373 

Figure 4. Example of a double page from the “indicator booklet”, here for the indicator “number of days below 374 
low-water regulatory flow”. 375 

3.6. Method stage 5: Integrated assessment 376 

Our assessment was based on 8 indicators selected from the set of 28, e.g. number of days 377 
under the minimum flow requirement at the Aveyron outlet or the total agricultural production 378 
for field crops. We chose them specifically to reflect on how changes at the fine scale of 379 
fields and water withdrawal points generated impacts (or not) at the macro scale of the 380 
watershed. Observing this switch was possible thanks to the multi-agent nature of MAELIA. 381 
The subset of indicators was furthermore a way to access interactions between the three 382 
sub-models of MAELIA (i.e. water management, hydrology and agriculture), this time using 383 
the integrated nature of the model, and to detect any counter-intuitive effects due to these 384 
interactions. 385 

We noted for instance a drastic rise of the water consumption with alternative 4 386 
(concentration of water storage). This effect could be explained by two possible causes: 387 
either because there was more water in the river, then fewer restrictions, and then more 388 
withdrawals from the river; or because of the pooling of the water resources, thus reducing 389 
the limitations encountered by farmers using reservoirs. Looking at additional simulation 390 
results, we could conclude on the second mechanism. This stage of integrated assessment 391 
is further detailed in another article (Allain, Obiang Ndong, Lardy, & Leenhardt, 2018). 392 

3.7. Method stage 6: Multi-criteria evaluation in group 393 

We organized a series of 7 stakeholder workshops with a total of 31 participants: 394 

- Agronomists from a technical institute for field crops 395 

- Agricultural advisors 396 

- Managers of reservoirs supporting agricultural water use (local government and 397 
private managers) 398 

- Agents from State services – local level 399 

- Agents from State services – regional level 400 



- Members of associations for environmental protection (local, regional and national 401 
organizations) 402 

- Members of the local group of rural communities (project managers and 403 
representatives) 404 

The workshop opened with a presentation of the alternatives and some of the simulation 405 
results. The group then completed the evaluation matrix for the chosen criteria (Fig. 5) as 406 
follows: 407 

1. The participants decided together which indicators they would need, e.g. the most 408 
meaningful for the criterion under scrutiny, with a proposed limit of 5 indicators. These 409 
indicators could be found in the indicator booklet but as the booklet could not cover all 410 
the relevant aspects, they could also be added by the participants. 411 

2. For each cell (alternative x indicator), the participants had to evaluate the 412 
performance of the alternative by comparison with the current situation. To do so, 413 
they had to choose between five possible judgments depicted by coloured stickers: 414 
satisfactory improvement (green), insignificant change (yellow), displeasing 415 
deterioration (red), uncertain change or difficult to interpret (blue), do not know (grey). 416 

3. Once the value judgment had been attributed, participants had to allocate a weight to 417 
each indicator (for a total of 100%), reflecting the importance of the indicator in the 418 
argumentation. Although weight could theoretically vary among alternatives, all 419 
stakeholders chose to keep the same weighting system among alternatives. 420 

 421 

   422 

Figure 5. Evaluation workshop using the indicator booklet (left photo) and evaluation matrix completed by 423 
participants with indicators, values judgments (coloured stickers) and weights (right photo). 424 

We (researchers) then informed the online Kerbabel Deliberation Support Tool (Chamaret, 425 
O’Connor, & Douguet, 2009) with data from the paper matrixes. In this interface, the social-426 
choice problem is represented as a cube (Fig. 6). Each cell of the cube contains a judgment, 427 
represented by a coloured bar. In its variation with indicators, which we used, Kerbabel DST 428 
calculates for each cell (stakeholder group x alternative x criterion) a synthetic judgment that 429 
corresponds to the majority value judgment across indicators. Hence, the colour of the bar 430 
corresponds to the majority judgment (i.e. the colour with the highest cumulative %) and the 431 
length of the bar is proportionate to the percentage of this majority judgment. In case two 432 
value judgments are equally high, the Kerbabel interface displays the colour of the worst 433 
(e.g. red if green and red both weigh 50%). 434 

 435 

We sent extracts from the Kerbabel DST matrix to the stakeholder groups in order to have 436 
them check their value judgments and discover the synthetic pattern of their evaluation 437 
matrix. Stakeholders had the possibility to provide new comments or new judgments by 438 
email. 439 

The full multi-actor multi-criteria matrix could not be completed because each group could 440 
not evaluate each scenario against each criterion. We ended up with a cube containing many 441 
blank cells, but still of interest for analysis because each group started with the criterion of 442 



higher relevance to themselves, then the one of second highest relevance and so on, until 443 
the end of the workshop. 444 

 445 

Figure 6. Representation of the multi-actor multi-criteria problem in the Kerbabel DST interface (example of 446 
aggregation across 3 indicators). 447 

3.8. Method stage 7: Aggregation and analysis of the multi-actor multi-criteria 448 
matrix 449 

3.8.1. In lab 450 

A first aggregation, inside each cell and among indicators, took place while computing 451 
synthetic judgments. This aggregation allowed to visualize some general trends in 452 
stakeholder groups’ preferences (Fig. 7). For instance, for the technical institute, the 453 
alternative of decision-support tools appeared to be their favourite, while they liked crop 454 
rotations the least. For local communities, by contrast, crop rotations were the alternative 455 
they preferred, and the alternative they disliked most was the concentration of water storage. 456 
These preferences were further investigated by looking at indicator use. In the case of the 457 
economic criterion, agricultural advisors based their judgment mainly on the gross margin of 458 
farms and to a lesser extent on other agricultural accounting indicators (e.g. the total revenue 459 
of farms, the number of farm employees). Local communities gave a 30% weight to the 460 
Aveyron summer flows, in order to highlight the economic importance of non-agricultural 461 
activities depending on the Aveyron river (e.g. canoe-kayak, fishing etc.). For the agricultural 462 
sector, they used indicators referring to what they considered to be decisive for newcomers 463 
to the area (number of farms, revenue generated per m3 of water withdrawn, etc.). These 464 
differences showed different relationships to time (middle-short term vs longer term) and 465 
distinct appreciations of the role of agriculture in the local economy (an end vs a means). 466 

For our analysis and the subsequent deliberation, we opted for the entry “by alternative” 467 
(rather than “by group” or “by criteria”): based on the synthetic judgments of the different 468 
groups, we qualified the general pattern of each alternative. The pattern drawn from 469 
Kerbabel DST (Fig. 8) clearly showed two alternatives that were positively distinguished from 470 
the others. First, the crop-rotation alternative was the one receiving the highest number of 471 
positive judgments (green). Five out of the seven stakeholder groups saw it as a general 472 
improvement for all the criteria they evaluated. This alternative was furthermore thought to 473 
bring about positive changes overall on 8 of the 10 criteria evaluated. As regards its 474 
economic performance, a debate exists as half of the evaluations were positive and the other 475 
half negative. The second alternative highlighted by Fig. 8 is the decision-support-tool 476 
alternative. This alternative is the only one to be free from negative judgments (i.e. no red 477 
cells): there was no major dissent among stakeholder groups nor trade-offs between criteria. 478 

We then created new tables showing the share of each value judgment for each stakeholder 479 
group x alternative combination. This way we could visualise the minority judgments that 480 
were masked when synthetic judgments are displayed. These tables (Fig. 9) allowed us to 481 
see if pros and cons coexisted within one cell. For instance, the alternative “concentration of 482 



water storage” had negative judgments (red) disseminated across stakeholder groups and 483 
criteria. Even for the group whose preference went to this alternative (agricultural advisers), it 484 
bore some weaknesses. The evaluation of the alternative was therefore very sensitive to the 485 
weights given to indicators and its social acceptability might be difficult to construct. This 486 
alternative appeared moreover as the one bearing the highest percentage of uncertain or 487 
unknown value judgments (blue and grey), which means that further knowledge could help 488 
clarify the judgments of some groups, and possibly reverse their preferences. 489 

 490 



 

   

                         

Figure 7. Aggregated results of the evaluation for each stakeholders group (screenshots from the Kerbabel DST web interface). Alternatives under evaluation: crop rotation (ROTA), 
decision-support tool (OAD), concentration of water storage (RET) and reduction of the irrigated area (ASSOL). Evaluation criteria: safety (SFT), food security (SEC), economy and 
employment (ECO), biodiversity (BD), local identity (ID – no stakeholder group chose to evaluate as a priority this criterion), adaptation to exogenous changes (CHG), flexibility to adjust 
the water offer and demand (FLX), natural capital (KNT), equity (EQT), efficiency (EFF), political legibility (POL). The colour code reflects the majority judgment given by a stakeholder 
group to an alternative for a specific criterion: green = satisfactory improvement; yellow = no significant change; red = displeasing degradation; blue = uncertain; grey = do not know.  
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Figure 8. Aggregated results of the evaluation for each alternative (screenshots from the Kerbabel DST web interface). Evaluation criteria: safety (SFT), food security (SEC), economy and 
employment (ECO), biodiversity (BD), local identity (ID – no stakeholders group chose to evaluate as a priority this criterion), adaptation to exogenous changes (CHG), flexibility to adjust 
the water offer and demand (FLX), natural capital (KNT), equity (EQT), efficiency (EFF), political legibility (POL). Stakeholder  groups (left to right columns): technical institute, agricultural 
advisers, State services (district), State services (region), environmentalist associations, water storage managers, local communities. 
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Figure 9. Detail of minority judgments for two alternatives. The colour code reflects the majority judgment given 509 
by a stakeholder group to an alternative for a specific criterion: green = satisfactory improvement; yellow = no 510 
significant change; red = displeasing degradation; blue = uncertain; grey = do not know. 511 

 512 

 513 

3.8.2. With stakeholders 514 
 515 

The analysis “in lab” was consolidated during the collective restitution that brought together 516 
the participants of the workshops. This restitution can be seen as a second step of analysis 517 
and aggregation. Our objective was not so much to decide between alternatives, which is 518 
generally the final aim of an evaluation exercise, but rather to learn about their social 519 
relevance (for whom? for what?). 520 

Participants first discovered the entire cube and the position of their group relative to the 521 
other groups. To facilitate this discovery, we displayed results for each alternative on posters, 522 
between which participants navigated freely (like at an exhibition). The following plenary 523 
discussion focused on the divergences observed, and also the weaknesses and strengths of 524 
each alternative. Some participants expressed surprise at the judgments of their peers. This 525 
was for instance the case with reservoir managers who were circumspect about the low 526 
relevance, for environmentalists, of the alternative “concentration of the water storage 527 
capacity”, while it is generally argued that fewer bigger reservoirs improve hydrological 528 
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functioning. They thus discovered how much importance environmentalists grant to irrigation 529 
in itself, as a symbol of agricultural drifts, irrespective of considerations on water flows.  530 

The most salient problems (weak points and points with divergent judgments) revealed by 531 
the evaluations were then summed up and two groups were formed to discuss whether these 532 
problems could be solved and how. Among the new proposals, one idea was for instance to 533 
modify the crop-rotation. The new alternative contained two novelties: (1) replacing maize by 534 
alfalfa in the rotation scheme, as alfalfa represents a “productive” grassland that satisfies 535 
ecological claims against irrigated maize and agricultural claims for good economic 536 
valorisation; and (2) keeping parcels with maize-seed monocrops as a vector for the 537 
perpetuation of small farms, an agricultural model that most stakeholders defend, including 538 
environmental organizations. 539 

 540 

3.9. Method stage 8: Cross analysis 541 

Cross-fertilization between IAM and deliberative evaluation occurred first during the 542 
evaluation workshops (stage 6) and analysis of simulations (stage 5) (“hot”: in the making), 543 
and then more reflexively, after the restitution meeting (“cold”, ex post). 544 

3.9.1. “Hot” cross-fertilization 545 

The evaluation workshops provided an opportunity to communicate the most salient 546 
simulation results, for instance the drastic increase of water consumption under the 547 
“concentration of water reservoirs” alternative. This result astounded State agents and 548 
strongly influenced their judgment. Some recognized that the concentration of water 549 
reservoirs, which they considered the best option if water management were to be changed 550 
from scratch, had turned into a “vanishing dream”. 551 

In turn, comments from participants about simulation results raised new questions for the 552 
integrated assessment and modelling. For instance, members of the technical institute for 553 
field crops expressed surprise about the decrease of water consumption that was simulated 554 
under the “decision-support tool” alternative: they said that the simulated decrease was much 555 
higher than what they knew from their expertise. Initially this caused us to doubt the 556 
credibility of the theoretic irrigation model on which the alternative was built. We realized that 557 
it was theoretically correct at the field scale, but that the MAELIA model could not represent 558 
“rebound effects” that can occur at a larger scale (farm or landscape scale). Indeed, more 559 
efficient irrigation management can lead farmers to increase their irrigated area or to 560 
introduce new, more water-demanding crops with higher added-value. When pursuing our 561 
integrated assessment work and publishing its results, we therefore insisted on this limitation, 562 
which puts into perspective the capacity of decision-support tools to strongly reduce water 563 
consumption in a watershed (Allain, Obiang Ndong, et al., 2018). 564 

 565 

3.9.2. “Cold” cross-fertilization 566 

A second phase of cross-fertilization between evaluation and assessment occurred during 567 
and after stage 7 of the method (analysis and aggregation of the matrix). First, the integrated 568 
assessment offered some interpretive keys to better appraise the significance of the 569 
discourses behind the evaluation matrix. For example, although the decision-support tool 570 
alternative was quite consensual among stakeholders, it appeared that some of them valued 571 
water efficiency in itself (more crop per drop, or more euro per drop), while others valued the 572 
decrease in water consumption that was expected to result from the gain in water efficiency 573 
(a cause-effect relationship that was “confirmed” by simulation results). The lesson learned 574 
from the integrated assessment stage led us to highlight the risk of a rebound effect that 575 
could undermine this apparent consensus. 576 

Considering the other side of cross-fertilization, the multi-actor evaluation also enriched the 577 
IAM. One important lesson was, for example, that stakeholders showed interest in 578 
alternatives despite the results of the integrated assessment. The simulation indicated that 579 



the “reduced irrigated area” alternative did not improve the Aveyron low-flow hydrology 580 
(Allain, Obiang Ndong, et al., 2018) but it was still valued by some stakeholders. A debate 581 
emerged about permanent grasslands in upstream areas: some considered that they made 582 
no economic sense in a context of declining livestock production, while others saw them as 583 
an agro-ecological infrastructure fulfilling multiple “silent” functions for water quantity in small 584 
tributaries and for water quality. This debate emphasized important blind spots of the 585 
integrated assessment and modelling: flows of small tributaries (computable but not with 586 
enough accuracy), water quality indicators (absent and inaccessible with MAELIA for now), 587 
and economic indicators for non-field crops (requiring either new model developments to 588 
simulate their yield or new indicators to reflect domestic use). 589 

More generally, the comparison between the multi-actor multi-criteria matrix and the 590 
integrated assessment conclusions helped to unravel framing effects inherited from the 591 
model. Within our framework, we consider it particularly relevant to clarify which alternatives 592 
and which issues (rather than which processes) are best supported by the model, in order to 593 
clarify the relationship between modelling choices and assessment results. In our case study, 594 
the decision-support tool alternative was the one best supported by the model: MAELIA 595 
made it possible to simulate most of its expected positive impacts while neglecting rebound 596 
effects, which emphasized the potential reduction of water withdrawals with decision-support 597 
tools. By contrast, with the alternative of reduced irrigated areas, most of the arguments 598 
supporting this alternative (e.g. benefits for small tributaries) could not be translated into 599 
simulated indicators, while the arguments against it could be computed (decrease of the 600 
field-crop agricultural production, incapacity to diminish the number of water crises). For the 601 
other two alternatives, framing effects were less one-directional. This analysis of framing 602 
effects at the scale of alternatives was done reflexively once the final discussion was over. 603 
Yet it would certainly have been a plus for the collective deliberation if it had taken place 604 
earlier. 605 

 606 

4. Discussion 607 

Our application of the S2CE framework to water management emphasized its potential to 608 
articulate systemic analysis with deliberation and to offer a compressed representation of the 609 
problem that hides neither diversity nor heterogeneity. We can even argue that both 610 
approaches were not only combined but used in synergy: the integrated assessment based 611 
on MAELIA simulations (analytical-systemic) provided us with new understandings that were 612 
often incorporated into stakeholders’ argumentation. In turn, the multi-actor multi-criteria 613 
(deliberative) evaluations gave us new interpretive keys for analysing the results of our 614 
simulations and discussing modelling choices. 615 

Two major lessons can be derived from our experience: simulation and modelling, when 616 
used as heuristics for evaluating alternatives, enrich collective deliberation (4.2), and using 617 
multi-faceted artefacts offers a way to “weakly integrate” values and knowledge (4.3). Before 618 
detailing them, we turn back to the limitations of the method that its implementation revealed. 619 

4.1. Critical assessment of the method 620 

As any methodological option, the S2CE implies trade-offs. A first one concerns the status of 621 
modelling. When they evaluate a scenario, stakeholders strive to insert their specific 622 
arguments into a common-good rationale. Although evaluation workshops were 623 
asynchronous, the way they were framed forced stakeholders to develop a priori justifications 624 
for their judgments to anticipate opposing arguments. We observed in many groups (not all) 625 
that scientific and expert-based knowledge (embodied in simulation-based indicators) were 626 
considered a benchmark for reaching an agreement. Also, our methodology for assessing 627 
scenarios led the stakeholders to question the model  (Is it reliable enough? Which 628 
processes are included and how much simplified are they? Could have we refined 629 
calculations? What were the input data? etc.). but not the legitimacy of modelling itself. 630 



Therefore, extending the collective deliberation with IAM seems to have provided more solid 631 
ground for narratives falling into “efficiency - oriented” justification type to the detriment of 632 
other types of justifications (in terms of “honesty”, “equity”, “aesthetic”, or “domesticity”, for 633 
example). This bias is not specific to the use of expert-based modelling and cans also be 634 
found in cases of participatory modelling (Barnaud, Le Page, Dumrongrojwatthana, & Trébuil, 635 
2013). 636 

Another important trade-off is about aggregation. In the case study, we decided to perform 637 
an aggregation across indicators. This aggregation responded to a voting principle: the 638 
judgment that acquired the highest weight was the one displayed in the final matrix, at the 639 
criterion level. We left aside other aggregation options such as weighted means or rankings. 640 
A weighted mean requires to use quantitative value judgments that express a compensation 641 
(Choo, Schoner, & Wedley, 1999). However, in the case study, value judgments were 642 
relative to a reference situation and could not fit a discrete cardinal scale. Two judgments 643 
“satisfactory improvement” were not equivalent as the extent of the improvement or of the 644 
satisfaction was not assessed. The judgment “satisfactory improvement” did not compensate 645 
for “displeasing deterioration” and their combination could not equal to “insignificant change”. 646 
Non-compensatory aggregation, such as in outranking procedures, would have exhibited 647 
other problems of interpretation. Introducing a ranking for scenarios would have made us 648 
lose trace of acceptability / unacceptability (e.g. the preferred scenario against one criterion 649 
can still be not satisfactory). However, we expected this duality to be more promising to 650 
stimulate a debate. The cons were that aggregated results did not provide information about 651 
the internal consistency or discrepancy among value judgments attributed by the participants 652 
at the indicator level. Interpretation of the results therefore required navigating between 653 
aggregated and disaggregated displays of the matrix, and made comparisons less easy. 654 

To sum up, the use of modelling supplies an efficiency-oriented justification regime; and the 655 
use of qualitative value judgments expressing acceptability restricts the possibilities for fine-656 
tuned comparisons. In other words, combining deliberative and analytical approaches means 657 
that each approach constrains the other. Besides those constraints and biases, the 658 
combination remained a fertile exercise, based on which we can derive useful 659 
methodological lessons. 660 

4.2. Cautionary and heuristic use of simulation outputs for evaluation 661 

Although the use of models bears unavoidable limitations (e.g. the difficult inclusion of all 662 
types of value systems), we consider it a pity not to benefit from the capacities of “hard 663 
models” to better learn about the complexities of social-ecological systems, and especially 664 
about counter-intuitive effects of changes: cascading effects, emerging effects, feedback 665 
loops etc.. The promise of the S2CE framework is to put such models at the service of 666 
collective deliberation and social learning. 667 

In the S2CE, the model has the status of a tool for generating new knowledge, hopefully of 668 
interest to stakeholders, but not of a “hard fact provider”.. MAELIA, for instance is a powerful 669 
tool to learn about low-flow dynamics, the agriculture-hydrology interplay, and cross-scale 670 
effects from fields to landscape. The other side of the coin is that this high systemic 671 
relevance, which relies on academic and technical knowledge, goes with low and/or partial 672 
social relevance. This discrepancy was evidenced by the gaps between the IAM results and 673 
those of the multi-actor multi-criteria evaluation.. A link is therefore required between the 674 
virtual and socially non-relevant world of modelling and the political arena in which problems 675 
are discussed. This challenge was partially met with the S2CE framework. 676 

In the deliberative stage of the framework, we prompted participating stakeholders on using 677 
simulations not as quantitative proxies to objectify a decision but as possible (and non-678 
obligatory) bricks to elaborate value judgments. This heuristic status for simulation and 679 
modelling fostered intra-group deliberation (about the relevance of indicators, their meaning, 680 
their limitations etc.) and, in some cases, contributed to reshaping group preferences. Some 681 
participants took pleasure in “moving out of the frame” (i.e. contesting model hypotheses, 682 
using new indicators), others appreciated the workshop format as a way to talk with 683 



researchers on an equal footing, while others were interested in discovering the simulation 684 
results and trying to understand them. In parallel, stakeholders, with their judgments, 685 
questions and comments, provided researchers with new material for analysis and new 686 
perspectives. A two-way dialogue between researchers and stakeholders emerged, hence 687 
lowering the barrier between “hard facts“ and “soft values“ (Funtowicz & Ravetz, 1993). 688 

As a recommendation to go a step further, we offer to  clarify framing biases in relation to 689 
specific discourses. We aim here not to repeat one more time that models are simplified and 690 
partial representations, but to defend the fact that this partiality should be contextualized. 691 
Indeed, the partiality of models is generally expressed in absolute terms and at the scale of 692 
processes (e.g. the SWAT model does not allow robust estimates of water flows for small 693 
tributaries to be produced), which is relevant for a laboratory exercise, but not for collective 694 
deliberation. We emphasize that biases and simplifications should be related to the broader 695 
discourses of stakeholders, and explained in terms of which arguments the model best 696 
supports and which ones are left aside. This claim is totally congruent with the idea that 697 
numerical indicators, including simulation outputs, should be embedded within narratives 698 
(Saltelli & Giampietro, 2017).  699 

4.3. “Weak integration” and multi-faceted artefacts  700 

Finding a common language has already been pointed out  as a necessity in transdisciplinary 701 
research and multi-actor problems (Brandt et al., 2013; Ramos et al., 2015). In the case 702 
study, some crucial elements of this common language were:  703 

- the criteria grid, constructed through a bottom-up approach, which allowed different 704 
stakes to be represented, even those not benefitting from powerful spokespersons or 705 
not inscribed in regulatory frameworks and management norms; 706 

- the term “indicator”, which gave authority to the arguments of every group, even the 707 
arguments that were “out of the box” of the model or considered at the margins of 708 
quantitative water management issues; 709 

- the use of qualitative value judgments (expressed by colours), which certainly 710 
frustrated some stakeholders willing to be more precise, but contributed to put softer 711 
judgments on an equal footing with technical ones. This choice partly 712 
counterbalanced the bias towards efficiency-oriented justifications that modelling 713 
produced. 714 

These method choices resulted from our endeavour to deconstruct the ideas that one 715 
integrative indicator (the Minimum Flow Requirement) could sum up all water issues and that 716 
using technical arguments makes the debate more peaceful and rational. Even out of the 717 
conflict-prone context of our case study, we believe that some artefacts conceived as 718 
integrators – e.g. decision matrixes and indicators – could support deliberation if they are 719 
turned into “weak integrators”, embedding many reading options. 720 

First example: the Kerbabel matrix. . Value judgments are set for all stakeholders but 721 
indicators do not need to be shared. Moreover, the resulting multi-actor multi-criteria matrix is 722 
common to each reader but, owing to visualization options, there is much leeway for 723 
interpretation. The reader can navigate between different levels of aggregation (from 724 
synthetic judgments to each indicator and value judgments) and from one side of the cube to 725 
another, hence looking either at differences among stakeholders, criteria or alternatives. 726 

Second example: the treatment and processing of simulation outputs. Producing a wide 727 
range of indicators, even with apparent redundancy, allows users to look either for general 728 
differences among alternatives or for more specific aspects (performance during the “bad” 729 
years, temporal distribution, impacts on some specific areas, etc.). Moreover, the use of 730 
disaggregated forms for indicators (e.g. maps and boxplots rather than means), which we 731 
tried to favour in our indicator booklet, caused users to form different value judgments from 732 
the same piece of information (Allain, Plumecocq, et al., 2018). Such recommendations for 733 
indicators differ from those generally given for integrated assessments, e.g. scientific 734 
relevance or practicability (mostly associated with quantification), which aim at improving the 735 



assessment’s efficacy for decision-making but with the side-effect of impoverishing 736 
sustainability debates. 737 

In short, the S2CE framework allows handling computer models for collective deliberation 738 
without the need to create a new model from scratch (by contrast with participatory 739 
modelling), which is, first, a fastidious task and, second, marginalizes already-existing 740 
knowledge on complex systems’ behaviour. The originality of the framework is to adapt not 741 
the model but its status and use to deliberation. The suggested adaptations (non-obligatory 742 
use of model outputs, diversity of indicators and indicator forms, expression of value 743 
judgments in qualitative and acceptability terms, navigation between different levels of 744 
aggregation and reading options) grant non-experts with the capacity to learn from integrated 745 
models that we would otherwise discard for their low legibility and social relevance.  746 

Conclusion 747 

Although systemic-analytical assessments and deliberative evaluations are not competing 748 
approaches to sustainability issues, there are some discreet conceptual differences that end 749 
up producing a gap between the two approaches. As usual with interdisciplinary issues, 750 
helping hands are lent but do not always reach one another. A reconciliation is therefore 751 
needed, as each of those approaches bear complementary strengths: the capacity to 752 
envision the counter-intuitive effects of changes affecting complex systems (systemic-753 
analytical assessments), and the capacity to envision the social dilemmas and trade-offs 754 
inherent to multi-actor contexts (deliberative evaluation). 755 

The methodological framework called S2CE presented in this article creates a conceptually 756 
grounded bridge between these approaches. The final stage of the framework consists in 757 
cross-fertilizing the knowledge gained through integrated assessment and deliberative 758 
evaluation. Both activities are not independent but, in addition to their combination "on the 759 
spot", we wanted to promote a reflexive moment, which actually gives sense to the whole 760 
methodology. It is through this cross-fertilization that some assumptions behind apparent 761 
social consensus come to light, as well as model framing biases. These precious insights 762 
represent the added value of the framework, by comparison with a simple adjunction of 763 
assessment tools. 764 

We built the S2CE framework not as a new recipe for addressing sustainability issues but 765 
rather as a call for using the capacity of complex computer models outside the walls of 766 
laboratories, and for having those models feed, but not drive, collective deliberation in 767 
contexts of irreducible uncertainties and value conflicts. More generally, we encourage 768 
practices that build on already-existing complex models to deal with urgent sustainability 769 
issues, adapt the use of these models (rather than their content) to socially diverse arenas, 770 
and integrate them with other methods, oriented towards the articulation of values rather than 771 
the production of knowledge, for the elaboration of social choices. 772 
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