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Introduction

In a time when policy makers are tasked with developing innovative solutions for increasingly complex policy problems, the need for intelligent design of policy alternatives has never been greater [START_REF] Howlett | From tools to toolkits in policy design studies: the new design orientation towards policy formulation research[END_REF]. Policy makers must avoid simply advocating "stock" solutions unless this is called for by the limited nature of the available time for new designs [START_REF] May | Hints for Crafting Alternative Policies[END_REF]. The design of alternatives to a decision problem is an essential part of the decision aiding process. However, it has been neglected in theory and practice [START_REF] Alexander | Design in the Decision-Making Process[END_REF], and this is particularly relevant in the context of public policy-making. From the standpoint of decision analysts, potentially involved in supporting policy making processes, this also represents a challenge.

Public policies are abstract objects introducing a portfolio of interrelated actions, reflecting the policy makers' efforts to address public problems. This set of actions, established within a political decision process, aims to achieve a set of interconnected policy goals within a period of time (e.g. [START_REF] Marchi | From evidence-based policy making to policy analytics[END_REF], [START_REF] Elmore | Instruments and strategy in public policy[END_REF], [START_REF] Hand | Public Policy Design and Assumptions about Human Behaviour[END_REF], [START_REF] Rist | Choosing the right policy instrument at the right time: The contextual challenges of selection and implementation[END_REF]), through the influence on individual and collective decisions [START_REF] Bemelmans-Videc | Conclusion: Policy Instrument Types, Packages, Choices and Evaluation[END_REF].

From the point of view of both research and practice ( [START_REF] Anderson | Public policy making[END_REF], [START_REF] Dunn | Public policy analysis. An introduction[END_REF], [START_REF] Dye | Understanding public policy[END_REF], [START_REF] Jenkins | Policy analysis: A political and organizational perspective[END_REF]), policy making is a long term public decision making process facing five major complexities: i) the use of public resources and commons; ii) the involvement of multiple stakeholders in a "de facto" participative process; iii) the long time horizon; iv) the requirements of legitimation and accountability; v) the need for the deliberation act of deciding ( [START_REF] Marchi | From evidence-based policy making to policy analytics[END_REF], [START_REF] Tsoukiàs | Policy analytics: an agenda for research and practice[END_REF]).

Therefore, policy makers are faced with policy alternatives, each producing multiple consequences that are difficult to anticipate [START_REF] Walker | Policy Analysis: A Systematic Approach to Supporting Policymaking in the Public Sector[END_REF]. In this regard, decision analysts can introduce formal methods aimed to assist policy makers in improving their decision aiding processes [START_REF] Marchi | From evidence-based policy making to policy analytics[END_REF], allowing the understanding of the complexities, ambiguities and driving forces of multi-faceted phenomena [START_REF] Howlett | Weaving the Fabric of Public Policies: Comparing and Integrating Contemporary Frameworks for the Study of Policy Processes[END_REF].

If supporting the process of policy making needs to be considered within a new framework, then we need to start by reconsidering policy design. A thorough policy design process has a preponderant impact on the quality of the policy alternatives being considered. On top of enhancing the quality of policy alternatives, policy design may enable governments, communities and organizations to address emerging and prevailing problems, as well as opportunities. Few systematic analyses have focused on policy design as the act of generating policy alternatives and even fewer have analysed the pivotal work of the analyst as policy designer [START_REF] Considine | Policy design as craft: Teasing out policy design expertise using a semi-experimental approach[END_REF]. Considine et al.,[START_REF] Considine | Policy design as craft: Teasing out policy design expertise using a semi-experimental approach[END_REF]) remarked that, despite major advances in the study of public policy, policy design remained uncharted and relatively underdeveloped, notwithstanding the promising works of [START_REF] Alexander | The Design of Alternatives in Organizational Contexts : A Pilot Study[END_REF], [START_REF] Alexander | Design in the Decision-Making Process[END_REF], [START_REF] Dryzek | Don't Toss Coins in Garbage Cans: A Prologue to Policy Design[END_REF], [START_REF] Linder | From social theory to policy design[END_REF], [START_REF] Schneider | Systematically Pinching Ideas: A Comparative Approach to Policy Design[END_REF], [START_REF] Simon | The sciences of the artificial[END_REF] (see section 2 for a detailed discussion of the literature).

Our contribution in this paper steams from two working hypotheses. The first one is that the intersection among the fields which can contribute to innovative policy design (i.e. policy studies, design theory, decision theory and operational research) has not been properly investigated, although the problem is shared among the different fields. This hypothesis has been tested and verified in section 2 of the paper. The second working hypothesis underpinning the development of this research is that it is possible to innovatively design public policies by using formal tools (such as the ones proposed by Operational Research). This second hypothesis has been tested using two case studies (sections 3 and 4 of the paper). The two case studies deal with alternatives' generation for territorial policy making and have been analysed using the same analytical lens, shaped by the following four research questions: i) Why have new alternatives arose during the policy making process? ii) How have they been generated? iii) Which consequences did they lead to? and iv) What has generated innovation?

The reminder of the paper is organized as follows: after a state of the art survey (section 2), the two case studies are presented (sections 3 and 4) and discussed (section 5). Section 6 concludes the paper by discussing the answers to the research questions presented above.

Designing alternatives for policy making: state of the art

Designing is the creation of artefacts aimed to change a state of the world that does not suit us [START_REF] Gero | Design Prototypes: A Knowledge Representation Schema for Design[END_REF]. This definition echoes the one provided for problem solving by [START_REF] Newell | Human Problem Solving[END_REF], according to whom the solution of a problem consists in the search of the best path connecting the initial state of the problem (i.e. the undesirable state) to the final state (i.e. a more desirable one).

Policy design is one of the major steps in a policy cycle, together with issue identification, defining policy objectives, policy testing, policy finalisation, policy implementation, policy monitoring and evaluation, policy readjustment and innovation [START_REF] Lasswell | The decision process: Seven categories of functional analysis[END_REF]. Within this cycle, policy design can be defined as a specific form of policy formulation based on knowledge gathering about the effects of policy tool use on policy targets and the application of that knowledge to the development and implementation of policies aimed at the attainment of specifically desired public policy outcomes and ambitions (e.g. [START_REF] Bobrow | Policy Design: Ubiquitous, Necessary and Difficult[END_REF], [START_REF] Bobrow | Policy Analysis by Design[END_REF], [START_REF] Capano | Design and Non-Design in Policy-Making: When and How Policy Design Matters[END_REF]). In this context, the artefact is composed by those design features dealing with the implementation of a policy program, while the object of change is the behavior of the implementing agents [START_REF] Dente | Mechanism-Based Policy Design: Expanding Designers' Toolkit. In Policy formulation and the changing dynamics of public policy[END_REF].

From an historical point of view, policy design was recognized quite early as a primary responsibility of the policy sciences [START_REF] Dror | Design for policy sciences[END_REF]. Nevertheless, after a promising beginning in the 1970s and 1980s [START_REF] Alexander | Design in the Decision-Making Process[END_REF], the field languished in the 1990s and 2000s as work in the policy sciences focused on the impact on policy outcomes of metachanges in society and the international environment, such as globalization and the enhanced networkization of society [START_REF] Howlett | From the 'old' to the 'new' policy design: Design thinking beyond markets and collaborative governance[END_REF]. Therefore, policy design did not fare well in the academic agenda [START_REF] Schneider | Systematically Pinching Ideas: A Comparative Approach to Policy Design[END_REF] and it was almost equated to the study of policy tools, i.e. focusing almost exclusively on "design as a noun", to the detriment of "design as a process" [START_REF] Considine | Policy design as craft: Teasing out policy design expertise using a semi-experimental approach[END_REF]. More recent work re-asserting the role of governments both at the international and domestic levels has re-vitalized design studies (e.g. [START_REF] Howlett | Tales from the crypt: The rise and fall (and re-birth?) of policy design studies[END_REF], [START_REF] Maskin | How to Implement Social Goals Mechanism Design[END_REF]).

Being part of the policy cycle, policy design has been explored within the body of literature concerned with policy making. Surprisingly enough, despite the literature on policy making being vast and interdisciplinary, few disciplines have explored specifically policy design. We summarise their contribution in the following paragraphs.

Policy making has been mainly studied in policy analysis (e.g, [START_REF] Moran | The Oxford handbook of public policy[END_REF]), with a large body of literature devoted to retrospective (ex post) analysis of policies (e.g. [START_REF] Considine | Thinking outside the box? Applying design theory to public policy[END_REF]).

Here, much of the design debate was monopolized by literature concerning tools [START_REF] Salamon | The new governance and the tools of public action: An introduction[END_REF], a largely descriptive body of knowledge which helped identify how policies were designed and -in its most recent developments -looked at the interaction effects of tool mixes (e.g. [START_REF] Howlett | What is a policy instrument? Tools, mixes, and implementation styles[END_REF]). Equally relevant is the role of prospective (ex ante) analysis, which encompasses the forecasting of consequences if policies were to be implemented and prescriptions about which policies should be implemented (e.g. [START_REF] Dunn | Public policy analysis[END_REF]). However, there is little in the literature beyond general prescriptions on how to design policies [17] [86]. Within this field, much of the original design literature in the 1960s and 1970s focused attention on "technical" analysis, i.e. assessing the functional capacities of specific policy tools and how they could be applied to achieve policy goals in abstract or imagined unconstrained policy-making circumstances [START_REF] Capano | Design and Non-Design in Policy-Making: When and How Policy Design Matters[END_REF]. The newer design literature keeps this focus but adds to it the need to also assess contextual factors involved in tool choices and use, especially political ones (e.g. [START_REF] Baliga | Mechanism Design for the Environment[END_REF], [START_REF] Maskin | How to Implement Social Goals Mechanism Design[END_REF], [START_REF] Schon | Designing as reflective conversation with the materials of a design situation[END_REF]). In particular, this new design orientation focused the attention on the construction over time of policy packages operating in complex multi-policy and multi-level design contexts, thus addressing multiple objectives and exploring the interactive effects which occur when multiple tools are used over time (e.g. [START_REF] Capano | Design and Non-Design in Policy-Making: When and How Policy Design Matters[END_REF], [START_REF] Doremus | A policy portfolio approach to biodiversity protection on private lands[END_REF], [START_REF] Howlett | From tools to toolkits in policy design studies: the new design orientation towards policy formulation research[END_REF], [START_REF] Howlett | The two orders of governance failure: Design mismatches and policy capacity issues in modern governance[END_REF], [START_REF] Jordan | Policy Instruments in Practice[END_REF]). Equally, economists have been concerned with policy making, focusing much of their research on rational theories of public decision making and formal methods for the ex-ante and ex-post evaluation of public policies (see for instance [START_REF] Dollery | The Evaluation of Public Policy: Normative Economic Theories of Government Failure[END_REF]). Cost-Benefit Analysis (see [START_REF] Dasgupta | Cost-benefit analysis: Theory and practice[END_REF], [START_REF] Nas | Cost-benefit analysis: Theory and application[END_REF]) is widely used and, perhaps, the best known method for evaluating public policies among both practitioners and researchers (e.g. the Cost-Benefit Analysis manual of the European Union1 and the World Bank manuals about CBA2 ). However, Cost-Benefit Analysis is not without contemporary critics (for example, [START_REF] Ackermann | Priceless: On Knowing the Price of Everything and the Value of Nothing[END_REF], [START_REF] Adler | New Foundations of Cost Benefit Analysis[END_REF]) and many other approaches have been developed such as, for instance, Real Options Analysis (see [START_REF] Smit | Strategic Investment: Real Options and Games[END_REF], [START_REF] Trigeorgis | A Real Options Application in Natural Resource Investments[END_REF]). Economists have developed mechanism design theory (e.g. [START_REF] Hurwicz | Optimality and Informational Efficiency in Resource Allocation Processes[END_REF], [START_REF] Hurwicz | On Informationally Decentralized Systems[END_REF], [START_REF] Maskin | The Theory of Implementation in Nash Equilibrium: A Survey[END_REF], [START_REF] Myerson | Optimal auction design[END_REF], [START_REF] Myerson | Efficient mechanisms for bilateral trading[END_REF]) to support policy making processes by first identifying the desired outcome or social goal to be achieved, then checking whether or not an appropriate institution (mechanism) could be designed to attain that goal and finally exploring what form that mechanism might take (e.g. [START_REF] Baliga | Mechanism Design for the Environment[END_REF], [START_REF] Maskin | How to Implement Social Goals Mechanism Design[END_REF]).

As authors of this paper and decision analysts with expertise in different fields, we are particularly interested in the contribution that Operational Research (O.R.) and Decision Aiding [START_REF] Tsoukiàs | On the concept of decision aiding process: An operational perspective[END_REF] can offer to the field of policy design. O.R., unlike economics, does not possess a "world view", i.e. an underlying holistic theory for how the world works [START_REF] Kaplan | Celebrating the operations research mindset[END_REF]. The natural unit of interest in O.R. is "the problem", which has to be studied, structured, modeled, understood and, hopefully, improved [START_REF] Kaplan | Celebrating the operations research mindset[END_REF].

When it comes to policy making, O.R. and Decision Analysis have developed, among others, methods which aim at supporting different phases of the policy cycle, such as Problem Structuring Methods (PSMs) (e.g. [START_REF] Checkland | Soft systems methodology: a thirty year retrospective[END_REF], [START_REF] Pollock | Operational Research and the Public Sector[END_REF], [START_REF] Rosenhead | Past, present and future of problem structuring methods[END_REF]), System Dynamics ( [START_REF] Sterman | Business dynamics: Systems thinking and modeling for a complex world[END_REF], [START_REF] Sterman | System dynamics modeling: Tools for learning in a complex world[END_REF]), Data Envelopment Analysis and Performance Measurement ( [START_REF] Charnes | Measuring the efficiency of decision making units[END_REF], [START_REF] Cook | Data envelopment analysis -thirty years on[END_REF], [START_REF] Emrouznejad | Evaluation of research in efficiency and productivity: A survey and analysis of the first 30 years of scholarly literature in dea[END_REF]) and Public Sector Operational Research ( [START_REF] Larson | Urban Operations Research[END_REF], [START_REF] Rosenhead | Operational Research in Urban Planning[END_REF]), to name the most relevant ones. However, most emphasis in this stream has been on evaluation of alternatives, resulting in the development of guidelines for public policy evaluation at different levels (e.g. the Green and Magenta Books of the UK Government 3 4 , the Public Policy Assessment Book of the UK Government5 , the European Social Fund Manual6 ), but with limited consideration to support policy design.

Finally, Design theory as well has recently expressed an interest towards the domain of public services, by proposing the operationalisation of general Design theories (e.g. Concept-Knowledge theory, [START_REF] Hatchuel | C-K design theory: An advanced formulation[END_REF]) which could be further explored in policy making contexts.

Let us focus most specifically on the process of designing policies. If we consider the definition of policies as irreversible allocation of public resources [START_REF] Tsoukiàs | Policy analytics: an agenda for research and practice[END_REF], and the definition of an alternative as a combination of variables [START_REF] Williams | Model Building in Mathematical Programming[END_REF], then it becomes possible to interpret the concept of policy design in a similar way as the one of alternatives' design.

As already mentioned, the field of alternatives' design has been almost ignored also in the specialized Decision Science and Operational Research literature. Indeed, most decision problems discussed in the literature consider the set of alternatives on which they apply as "given", although we know that in practice such a set frequently needs to be constructed. There is little in the literature addressing this problem (see [START_REF] Belton | Muliple Criteria Decision Analysis: An Integrated Approach[END_REF] for a brief overview), despite the awareness of it (for example, [START_REF] Goodwin | Decision Analysis for Management Judgment[END_REF], [START_REF] Keeney | Value -Focused Thinking: A Path to Creative Decision-making[END_REF], [START_REF] Keller | Decision Problem Structuring: Generating Options[END_REF], [START_REF] Newstead | Generating alternatives: a key component in human reasoning?[END_REF]). In particular, [START_REF] Simon | A Behavioral Model of Rational Choice[END_REF] discussed this cognitive activity in his seminal work, but without providing operational and/or formal methods for addressing it. There have also been suggestions for value-focused brainstormings of decision alternatives ( [START_REF] Gregory | Making Smarter Environmental Management Decisions[END_REF], [START_REF] Keeney | Value -Focused Thinking: A Path to Creative Decision-making[END_REF]), an approach which is resonant with [START_REF] Corner | Dynamic decision problem structuring[END_REF] dynamic decision problem structuring. Finally, insights on how to understand and structure a decision making problem together with its possible strategic directions have been developed within the stream of Soft System Methodologies (e.g. [START_REF] Belton | Muliple Criteria Decision Analysis: An Integrated Approach[END_REF], [START_REF] Eden | Analyzing cognitive maps to help structure issues or problems[END_REF]).

A first attempt to identify common points between design theory and decision aiding has been developed by [START_REF] Luè | Design and decision aiding for mobility services and systems[END_REF]. Indeed, both the design and OR communities have gone through a debate linked to the application of systematic mathematical methods to real world problems. The two communities reacted in different ways, because of the expertise and background of their respective researchers and practitioners. However, they share the same underlying challenge, i.e. designing or aiding decisions in problems which are by definition wicked (or ill-defined, or messy). Moreover, a need for formalized methods to aid the design process seems to have emerged in the design community and at the same time a need for "innovative" tools outside the usual toolbox of the OR practitioner seems to have been highlighted in OR community [START_REF] Luè | Design and decision aiding for mobility services and systems[END_REF].

Based on the literature discussed above, the first claim that this paper proposes is thus the following one: the intersection among the fields which can contribute to innovative policy design (i.e. policy studies, design theory, decision theory and operations research) has not been properly investigated, although the problem is shared among the different fields. There is thus a need to call for a renewed focus on policy design by means of a convergence of those streams of research, which study how political, policy and strategic decisions are made and implemented, that is, in other words, how the policy design space is delimited and fulfilled. While these initial sections of the paper proposed a critical analysis of the existing literature, the reminder of the manuscript will focus on two case studies to formalise how new alternatives can be generated within a decision aiding process.

Case studies: the context

The two case studies proposed below highlight two processes that lead to the creation of new alternatives. Our aim is to understand and explain what generated innovation within these two decision aiding processes, as well as what type of innovation was generated.

3.1.

Case study 1: water management in the agricultural system of the Apulia Region (southern Italy)

The first case study deals with water management in the agricultural system of the Apulia Region (southern Italy), and investigates the policy resistance mechanisms hampering the implementation of a groundwater (GW) protection policy.

The Apulia Region is highly dependent on agriculture, playing a key role in its economic sector. Due to the limited availability of water resources, the agricultural activities are characterized by the combined use of both surface water (SW) and GW for irrigation, and by the strong impact of the water management framework on Farmers' behaviour [START_REF] Giordano | Evaluating acceptability of groundwater protection measures under different agricultural policies[END_REF]. The wells are located in Farmers' private properties and for this reason GW is considered a private good. The GW overexploitation depletes water quantity and quality, bringing social and environmental problems and requiring more stringent regulation policies [START_REF] Portoghese | An integrated modelling tool to evaluate the acceptability of irrigation constraint measures for groundwater protection[END_REF]. Most of the policies implemented in the Mediterranean basin aim either to improve the efficiency of GW use through innovative irrigation techniques or to restrict the GW use through policies and a tight control of Farmers' activities ( [START_REF] Giordano | Bayesian Belief Network to support conflict analysis for groundwater protection: The case of the Apulia region[END_REF]. The Apulia Regional Authority needs to protect GW quality and, at the same time, to keep a high level of productivity of the agricultural sector. To achieve these objectives, the Regional Authority proposed the enforcement of GW restrictive measures (according to the CEE 2000/60).

Based on a traditional policy design approach, this policy was defined without considering the potential impacts on the stakeholders (i.e. Farmers and Water Management Authority) and it caused strong conflicts between them. The policy resistance mechanisms mainly occurred due to the economic damages to the agricultural sector, highly dependent on the water-demanding crops and irrigation practices. Therefore, the restrictive Regional Water Protection Plan (2009) has not been implemented yet, and the Regional Authority is carrying on a time/money consuming revision process [START_REF] Giordano | Evaluating acceptability of groundwater protection measures under different agricultural policies[END_REF]. This case study represents an emblematic example of the water management complexity, where antagonist Decision Makers, with disparity of objectives and values, need to share the same resource acting according to their problem understanding. A limited understanding of the different problem framings can be a source of conflict, hampering the implementation and/or reducing the effectiveness of environmental policies [START_REF] Giordano | Ambiguity in Problem Framing as a Barrier to Collective Actions: Some Hints from Groundwater Protection Policy in the Apulia Region. Group Decision and Negotiation[END_REF].

Considering the two main stakeholders, the Water Management Authority (Consortium of Capitanata) has to deal with the water shortage of the region and with the Farmers water demand. The Consortium manages the SW supply system using two price thresholds for the water volume, i.e. the base water supply volume (0.12 e/m 3 for 2050 m 3 /ha) and the additional water supply volume considerably more expensive (0.36 e/m 3 for 2050-4000 m 3 /ha). According to the Consortium's problem understanding, this pricing strategy would force Farmers to reduce the irrigated areas and to select less water-demanding crops (i.e. less profitable rainfed crops), keeping the water consumption at a sustainable level and ensuring an equal water distribution for the irrigation season.

On the other side, Farmers have to share the same resource and to increase their incomes, optimizing the selection of the right mix of crops depending on the quantity of available water (SW and GW) and on the cultivable hectares. The water-demanding crops are more profitable; consequently, the share of irrigated crops (i.e. tomato for processing industry, vineyards, vegetables, olive trees, and orchards) in the area is absolutely dominant compared to the rainfed crops (i.e. durum wheat). However, in dry seasons, Farmers do not have enough SW for their own crops. They receive the information about SW maximum availability very late, and they have two alternatives, such as paying for the most expensive water tariff or using the GW. The Regional Water Protection Plan does not recognize the GW option as an alternative. Nevertheless, Farmers perceive GW as a cheap and easily accessible resource and the aftereffect is that Farmers tend to use GW [START_REF] Giordano | Ambiguity in Problem Framing as a Barrier to Collective Actions: Some Hints from Groundwater Protection Policy in the Apulia Region. Group Decision and Negotiation[END_REF].

The above indicates that there are discrepancies in the way in which the situation is interpreted by the different stakeholders, bringing to a situation of a general dissatisfaction. Both stakeholders act as if the decision space is as simple as they presume it to be (i.e. ignoring the role of some of the other actors and/or making assumptions about their decisional processes) [START_REF] Giordano | Ambiguity in Problem Framing as a Barrier to Collective Actions: Some Hints from Groundwater Protection Policy in the Apulia Region. Group Decision and Negotiation[END_REF]. A detailed description of the case study and the analysis of the ambiguity in problem framing can be found in [START_REF] Giordano | Ambiguity in Problem Framing as a Barrier to Collective Actions: Some Hints from Groundwater Protection Policy in the Apulia Region. Group Decision and Negotiation[END_REF], while this paper aims to formalise how new alternatives have been discovered during the decision making process under consideration. In section 4.1, we present the problem formulations from the point of view of the two main stakeholders involved and the consequent introduction of a new variable.

Case study 2: locating a new parking area in a World Heritage site

The area under investigation in the second case study is the Municipality of Alberobello in southern Italy, which became a UNESCO7 site in 1996 due to the presence of the "Trulli", a particular form of building construction which derives from prehistoric techniques still functioning in the modern world, thus characterised by a unique value.

Given the increasing flows of people visiting Alberobello's Municipality every year and the severe shortage of parking spaces, the availability of public parking areas has emerged as an issue of serious concern [START_REF] Ferretti | From stakeholders analysis to cognitive mapping and Multi-Attribute Value Theory: An integrated approach for policy support[END_REF].

The decision-making context under analysis represents a complex territorial system since being a UNESCO site means that conflicting needs coexist in the same area, i.e. conservation and protection needs as well as new development needs [START_REF] Ferretti | From stakeholders analysis to cognitive mapping and Multi-Attribute Value Theory: An integrated approach for policy support[END_REF]. The present situation is indeed characterized by heavy traffic problems, roads overcrowded with unregulated parking, high levels of pollution, negative aesthetic impacts and, overall, bad services to tourists and residents. Therefore, the Municipality carried out a technical study and identified five different locations as suitable sites to host a new parking area (Figure 1).

The general strategy followed by the municipality for the identification of the 5 suitable sites was based on the reuse as much as possible of former industrial/abandoned areas in order to minimize the consumption of new soil, which is one of the most important aspects of a UNESCO management plan [START_REF]per l'Innovazione). The management plan for the UNESCO world heritage site "Trulli di Alberobello[END_REF]. The buffer zone shown in Figure 1 is the area whose boundaries have been defined in order to protect and maintain the exceptional value of the core area, as well as to limit negative development impacts on it [START_REF]per l'Innovazione). The management plan for the UNESCO world heritage site "Trulli di Alberobello[END_REF]. All 5 alternatives represented good options for the Municipality which would have built them all. Given the limited availability of public resources, the demand was for a priority order for the 5 proposed alternatives. A detailed description of the decision support process developed to support the Mu-Figure 1: Suitable alternatives for the location of the new parking area in the municipality of Alberobello [START_REF] Ferretti | From stakeholders analysis to cognitive mapping and Multi-Attribute Value Theory: An integrated approach for policy support[END_REF]) nicipality in the evaluation of the alternative locations for the new parking areas can be found in [START_REF] Ferretti | From stakeholders analysis to cognitive mapping and Multi-Attribute Value Theory: An integrated approach for policy support[END_REF]. This paper is intended to shed some light on the innovation mechanism which allowed us to expand the solution space and discover new alternatives for the solution of the problem under consideration. The formal description of the decision aiding process which exploited the opportunity for a change in one of the variables/constraints of the problem (i.e. the increase of the available budget) to generate new alternatives is presented in section 4.2. 

Case studies: formal description

. First formulation

The current section showcases different problem formulations derived from the work of [START_REF] Giordano | Ambiguity in Problem Framing as a Barrier to Collective Actions: Some Hints from Groundwater Protection Policy in the Apulia Region. Group Decision and Negotiation[END_REF]. It uses a mathematical programming language which allows to under-stand rapidly the formal differences of perspective between different problem formulations. Optimization in agriculture is a complex issue characterized by interaction of a large number of factors including the assignment of limited resources and information concerning prices [START_REF] Filippi | Mixed Integer Linear Programming models for optimal crop selection[END_REF]. Our formalizations underline that the dissatisfaction of stakeholders and analyst with the first formulation leads to the identification of a new variable. This process can be considered a starting point to generate new alternatives.

The Regional Authority first formulates a decision problem from its own point of view, let's call it Γ 1R . The Regional Authority aims at minimising the irrigated practices, promoting a maximization of rainfed crops use.

min ij x db ij + x dh ij max ij x rb ij + x rh ij subject to ij x db ij + x dh ij + x rb ij + x rh ij ≤ F tot ij w r j x rb ij ≤ W min ij p j k j (x db ij + x dh ij + x rb ij + x rh ij ) -ij c b (x db ij + x rb ij ) -ij c h (x dh ij + x rh ij ) ≥ R ∀i j w d j x db ij + w r j x rb ij = W b i ∀i j w d j (x db ij + x dh ij ) + w r j (x rb ij + x rh ij ) = W iT OT (1) 
where x lt ij represents the land (hectares) cultivated by Farmer i on crop j, while the two superscripts l and t can take two values, respectively: b, h (base and additional) as far as the pricing of the water supply is concerned and r, d (rainfed and waterdemanding) as far as the type of crop is concerned. Just to make an example, x bd 11 represents the land owned by Farmer 1 farmed with crop 1 which is water-demanding d and is irrigated using base priced water b; w d j is the volume of water necessary (by hectare) for crop j (which is water-demanding), while w r j represents the same information but in case j is a rainfed crop; p j is the revenue (e/ha) and k j is the yield (ha) for each class of crop j (being water-demanding or rainfed). Within this problem formulation, the Consortium considers only two classes of available water supply volume, i.e. the minimum guaranteed to Farmers W min and the total available W tot ; we call the difference between the two as additional or surplus: W h . To discourage the use of water in order to reduce the water demand, driving crop diversification according to the Regional Water Protection Plan (see section 3.1), the Consortium decides to increase significantly the price of the additional water supply volume c h (0.36 e/m 3 for 2050-4000 m 3 /ha), while the price of the base water supply volume c b (0.12 e/m 3 for 2050 m 3 /ha) is still reasonable for the Farmers' budget. F tot represents the total amount of hectares of the area under analysis, W b i represents the basic water supply allocated to Farmer i, W iT OT the global water supply to Farmer i, while R represents a sustainable revenue for the Farmers.

In order Γ 1R to hold, the hypothesis is that Farmers reason with the problem formulation Γ 1F . Farmers know the total quantity of available water in the reservoir W tot (m 3 ) and that the Consortium firstly distributes fairly the base water supply volume W min to each Farmer. Each Farmer owns a limited agricultural area F i , knows the available water either basically priced W b i or highly priced W h i and wants to cultivate different types of crops, aiming to maximize her/his profits. Following this idea we get Γ 1F :

∀i max j p j k j (x db ij + x dh ij + x rb ij + x rh ij ) -j c b (x db ij + x rb ij ) -j c h (x dh ij + x rh ij ) subject to j x db ij + x dh ij + x rb ij + x rh ij ≤ F i j w d j x db ij + w r j x rb ij = W b i j w d j (x db ij + x dh ij ) + w r j (x rb ij + x rh ij ) = W iT OT (2) 
If c h > c b , it is obvious that the best policy consists in minimising the part of land irrigated with "expensive" (c h ) water. If the prices are appropriately calculated, considering the yield of the rainfed and water demanding crops and the revenue they produce, it is possible to obtain a Farmer's policy where cropping rainfed cultures is "convenient"! This should produce the expected result consisting in minimising water demanding agriculture. However, this is not what occurs in reality, where Farmers keep increasing the part of land dedicated to water demanding cultures (which typically produce a higher revenue). How this can happen? The reason is simple: most of the them have access to GW (through wells which most of the times consider as private property). Once the "cheap"(c b ) water has been consumed the Farmers will not go for the expensive one, but start using GW which they pump from their wells. In other terms we can make the hypothesis that the real decision model each Farmer uses is different from what the bi-level model of the Consortium considers.

Second formulation

Let's consider now a new problem formulation Γ 2F (see 3) which should fit better our hypothesis about the Farmers' policy. In this case we first need to consider the availability of GW for each Farmer (W g i ) and then we need to enhance the decision variables: x lt ij will always describe the structure of the variables set, but now the possible options for superscript l will be b, h, g in order to consider land irrigated using GW (priced appropriately: c g ). In other terms, the variables of the type x gt ij stands for land of Farmer i, cropping j which can be either rainfed (r) or irrigated (d), but irrigated using GW (g).

∀i max j p j k j (x db ij + x dh ij + x dg ij + x rb ij + x rh ij + x rg ij ) -j c b (x db ij + x rb ij ) -j c h (x dh ij + x rh ij ) -j c g (x dg ij + x rg ij ) subject to j x db ij + x dh ij + x dg ij + x rb ij + x rh ij + x rg ij ≤ F i j w d j x db ij + w r j x rb ij = W b i j w d j x dg ij + w r j x rg ij = W g i i w d j (x db ij + x dg ij + x dh ij ) + w r j (x rb ij + x rg ij + x rh ij ) = W iT OT (3)
where c g is the price of GW and, according to the actual situation, c h > c g > c b . There are two considerations to make here. We firstly did a simplification considering that the price for pumping GW is the same for all Farmers: this is not far from the reality; however, is not relevant for our reasoning. The second consideration has to do with the perception of this cost (pumping GW): since the wells exist and the water they access is considered private, the Farmers do not perceive any real cost besides the operational cost necessary to run the pumps. This perceived cost is far from what the real cost would be if the GW had to be "sold" (as happens for the water provided by the Consortium).

It is interesting to note that the differences between the two problem formulations reveal that the Farmers have a larger and richer solution space, practically ignored by the Water Management Authority and the Regional Authority. These differences stand for discrepancies on how the water management problems is perceived and interpreted by the different stakeholders. The Regional Authority through the Water Protection Plan acted within a partial decision space. The result is a Plan which is de-facto not sustainable for a very simple reason: it is neither applied nor applicable.

Let's make one step further and let's see how a Regional policy could be defined as a result of a problem formulation which should consider the Farmers' real policies.

We call this problem Γ 2R .

min i w g i min ij x db ij + x dh ij + x dg ij max ij x rb ij + x rh ij + x rg ij subject to ij x db ij + x dh ij + x dg ij + x rb ij + x rh ij + x rg ij ≤ F tot ij p j k j (x db ij + x dh ij + x dg ij + x rb ij + x rh ij + x rg ij ) -ij c b (x db ij + x rb ij ) -ij c h (x dh ij + x rh ij ) -ij c g (x dg ij + x rg ij ) ≥ R ∀i j w d j x db ij + w r j x rb ij = W b i ∀i j w d j (x db ij + x dh ij + x dg ij ) + w r j (x rb ij + x rh ij + x rg ij ) = W iT OT + w g i (4) 
The reader will note that the introduction of the new variables w g i and x lg ij defines new possible solutions previously inconceivable. It is also clear that if previously the instrument for implementing a policy was the price of the water provided by the Consortium, in order to implement a policy within the new problem formulation it is necessary to be able to define the price of the GW. However, this is presently impossible: there is no precise cartography showing where the wells are located and there is no way to put a price upon the GW. This precise situation may induce the following actions: map the wells and then suggest the establishment of an agency (similar to the existing Consortium) which should manage the GW. After all if the Consortium is legitimated to price the SW why should it not be possible to create a legitimated agent managing the GW? Besides allowing to make operational decisions as far as the level of GW exploitation is concerned, it could introduce more awareness among the Farmers about the risks (and the cost) of overexploiting the aquifers.

Case study 2:

Expanding the solution space for the Alberobello Municipality from single parking areas to combinations of parking slots

First formulation

This section proposes an ex-post reconstruction of the process developed in [START_REF] Ferretti | From stakeholders analysis to cognitive mapping and Multi-Attribute Value Theory: An integrated approach for policy support[END_REF] highlighting how the opportunity for a change in one variable/constraint of the problem can support the generation of new alternative solutions.

More specifically we denote X = {x 1 , x 2 , x 3 , x 4 , x 5 } the set of the five alternative parking sites under analysis, which are all considered as feasible and desirable ones. However, given the budget constraints, the Major of the Municipality (i.e. the Decision Maker) was only considering the hypothesis of constructing one (possibly the less expensive and possibly the best compromise in terms of parking capacity, environmental impact and landscape impact).

Under such a perspective the problem can be formulated in a very simple way: identify the best solution (according to cost, parking capacity and impacts) among the elements of the set X (see 5). In other terms, we are looking for the solution to the problem:

sup (X × X) (5) 
where ⊆ X 2 is an ordering relation upon the set X such that x i x j stands for

x i being preferred to x j for one or more criteria considered all together. At this point it does not really matter how the preference is constructed, but the fact that this relation is established upon the set X, the objective being to choose one among the possible parking lot solutions.

Consider now the case for which the Decision-Maker discovers the possibility of applying for some funding from an international Agancy. This type of funding can be used for management projects concerning the area. This new availability of economic resources allows the Decision Maker to take into account other factors which play an important role in managing a UNESCO site, thus shifting from a mono-criterion formulation of the problem to a multiple criteria one. The new dimensions of the problem which were considered as the most important aspects by the Decision Maker were the distance from tourist attractors d j and the impact on the landscape l j of each parking location x j . The reader interested in the original data considered by the Decision Maker can refer to the study described in [START_REF] Ferretti | From stakeholders analysis to cognitive mapping and Multi-Attribute Value Theory: An integrated approach for policy support[END_REF].

Second formulation

Given that the amount of extra funding which might become available for the Municipality will still not allow to build the five parking lots all together, the new formulation of the problem still has a constraint on the increased budget such that a number of maximum k parking lots (out of the five possible locations) can be constructed simultaneously (see 6). As a result, we are now trying once again to solve a ranking problem:

sup (2 X k × 2 X k ) (6) 
but the ordering relation will not apply upon the set X, but upon the set 2 X k which are the subsets of X with cardinality k. This second formulation allows the Decision Maker to investigate possible combinations of parking sites (i.e. the Decision Maker is not constrained any more to build only one parking but can build more of them at the same time, provided they still fit within the budget). In this new formulation every alternative becomes a combination of k parking lots, each being described by a vector of attributes (cost, impact on landscape, distance from tourist attractors, etc.). While considering multiple criteria and structuring them according to a Multi Attribute Value Theory framework [START_REF] Ferretti | From stakeholders analysis to cognitive mapping and Multi-Attribute Value Theory: An integrated approach for policy support[END_REF], the Decision Maker realised that, if combinations of parking lots become feasible to build, then the direction of preference on each attribute is not independent from the others anymore. For example, distance is not evaluated any more as "the closer, the better" because, with a combination of parking areas, one parking could be more central (to leave the tourist at the beginning of the tourist path), another one could be far from the center (for the tourist buses to wait during the day) and another one could be close to the core UNESCO area again (to pick up the tourists at the end of the visit). The same kind of reasoning applies for the "impact on the landscape" criterion, which can now be negative for the parking in the combination which is far from the core UNESCO area and thus used as a waiting area for the buses which have already left the tourists in the core UNESCO area. The preferences on the distance from the tourist attractions and on the impact on the landscape are thus dependent. This calls for a new formulation of the problem.

Third formulation

In the third formulation of the problem, we use preferences nets (CP nets) (see for instance [START_REF] Boutilier | A tool for representing and reasoning with conditional ceteris paribus preference statements[END_REF]), to account for dependent preferences between different alternatives in the decision space.

We consider the parking location problem with X = {x 1 , x 2 , x 3 , x 4 , x 5 } set of all potential alternatives, A = {α 1 , α 2 , α 3 } set of binary attributes, such that A l = {h 1 , e 1 , n 2 , f 2 , p 3 , g 3 }. A l represents the set of all possible values that the elements of A can take. Specifically, the attributes are the cost of the each alternative, "e" expensive or "h" cheap, the distance from tourist sites, "n" near or "f " far, and the impact on the landscape, "p" positive or "g" negative.

The conditional preference structure is the following one (Table 1 and Figure 2): The resulting lattice L m , representing the ordered arrangement of the attributes, is showed in Figure 3. Given that the available budget would allow to build not more than 3 parking lots together, the problem is to choose the best subset of 3 locations among the 5 available ones. In this case the solution can be obtained directly from the lattice, this subset being {x 1 , x 3 , x 4 }. First we chose a cheap location (x 3 : h 1 n 2 g 3 ) independent from other attributes. Among the remaining alternatives, which are all expensive, we chose the one nearest (x 4 : e 1 n 2 p 3 ), and among the remaining ones the one with a positive impact on the landscape (x 1 : e 1 f 2 p 3 ) (Table 2). Interested readers should note that, despite similarities, this is not a lexicographic order since preferences on lower ranked criteria depend on preference on higher ranked criteria.

h 1 e 1 h 1 → f 2 n 2 e 1 → n 2 f 2 f 2 → p 3 g 3 n 2 → g 3 p 3
A α 1 α 2 α 3 x 1 e 1 f 2 p 3 x 2 e 1 f 2 g 3 x 3 h 1 n 2 g 3 x 4 e 1 n 2 p 3 x 5 e 1 f 2 g 3
Table 2: Performances of the alternatives with reference to the attributes: cost (α 1 ), distance (α 2 ) and impact on the landscape (α 3 ) This final formulation of the problem allows the Decision Maker to discover the 455 combination of parking areas that satisfied him most, i.e. a network of parking areas where buses can first take the tourists (alternative 1), then park in areas that are less interesting from the panoramic point of view (alternative 4) and then come later on to pick up the tourists, at the end of the tour and at another location (alternative 3).

Discussion and conclusions

This paper analysed two case studies dealing with territorial policy making aiming to understand and explain what generates innovation within a decision aiding process. In this section, we summarise our answers to the research questions that we formulated in the introduction, i.e. i) Why have new alternatives arose during the policy making process in the two case studies? ii) How have they been generated? iii) Which consequences did they lead to? and iv) What has generated innovation?

The first case study deals with two different problem formulations, allowing to investigate the policy resistance mechanisms hampering the implementation of the GW protection policy in the Apulia Region. Concerning our research questions, we could report that: i) A new alternative has been conceived after the unsustainability of the water management system and the general dissatisfaction derived from the first formulation, where one of the stakeholders' decision space was neglected (i.e. the Farmers' ones). A limited understanding of the different problem framings was a source of conflict, reducing the effectiveness of the Regional GW protection policy.

ii) The differences between the formulations underline that there are discrepancies in the way in which the situation is interpreted by the different stakeholders, leading to the identification of a new variable of the decision space. The new alternative (i.e. available GW resource according to Farmers' perception) has been identified and integrated into the decision model.

iii) The main consequence of the identification of the new alternative is a better understanding of the observed policy resistance mechanism. The Farmers' resistance behaviour mainly occurred due to the economic damages originated from the GW restrictive use strategy to the agricultural sector, highly dependent on irrigation practices.

A complete decision model can be considered a starting point to generate new policy alternatives for water management and GW protection. iv) In view of the current situation, the Regional Authority's policy efforts are neutralized by Farmers' behaviors. Farmers continue to use as much GW volume as they can, aiming to maximize their profits per hectare. What generated innovation in this case study is the opportunity to introduce the GW as variable in the decision model in order to redefine the policy alternatives.

In the second case study, we analysed an urban planning process in a World Heritage site dealing with the location of a new parking area. Below the answers to our research questions: i) New alternatives have been conceptualized by the Decision Makers because of the opportunity to apply for extra funding. This opportunity would increase the available budget and thus allow to consider combinations of parking locations rather than mutually exclusive locations.

ii) The new "solution" (i.e. the combination of parking lots 1, 3 and 4 in Figure 1) has been generated through a multi attribute decision making process able to consider preference dependency among the considered attributes. iii) As a consequence of the development and discussion of this new alternative, the participants in the process gained a better understanding of the value trade-offs existing between the attributes under consideration, e.g. they realized that, when considering a system of parking lots, they are willing to accept a weaker performance on the "aesthetical impact on the landscape" if the location of the parking is less central. Preferences are indeed constructed [START_REF] Beinat | Value functions for environmental management[END_REF] and the learning effect which takes place during the decision making process is one of the most important impacts of Decision Analysis. iv) What generated innovation in this case study was the opportunity for a change in one of the variables/constraints, i.e. the possible increase in the available budget thanks to the opportunity to apply for external funding. This highlights that a possible best practice for multi attribute decision making processes, always depending on the specific characteristics of the problem under analysis, might be to compute an overall performance score for each alternative for the benefit-type of attributes and an overall performance score for each alternative for the cost-type of attributes and only after combining these two scores. This would indeed allow to avoid constraining the solution space due to the available cost and stimulate the search for better and more creative alternatives.

Thanks to the analysis of the above case studies, we have identified two main reasons that can initiate an innovation mechanism: i) dissatisfaction (of the client, of the analyst or of the relevant stakeholders, especially when we are dealing with public policies) with respect to the solutions currently proposed to the decision making problem; and ii) opportunity for a change in one of the variables/ constraints (e.g. increase in the available budget). These two innovation activation mechanisms echo two well-known reasons for theory change [START_REF] Alchourron | On the logic of theory change: Partial meet contraction and revision functions[END_REF], i.e. revision (i.e. an internal modification) and update (i.e. an external modification). In our case the revision corresponded to a change in the expectations of the client/stakeholders and an update corresponded to the discovery that something has changed in the context of the project, e.g. the budget. In our two studies, the consequence of the presence of a dissatisfaction feeling or a new opportunity is a change in a variable of the decision model (in case study 1, the GW consumption which is not considered 0 anymore but can have positive values and, in case study 2, the budget constraint which has been softened).

In conclusion, this paper has showed that innovation in a decision aiding process comes through a change in a variable/constraint which then allows to expand the solution space. What we learned from this study is that innovation can thus be defined as evolution of problem formulations, due to revision and/or update, such that both the client and the analyst enrich their perspectives, improve their problem insight and establish mutual satisfaction. Design and decision theory could be a promising tool to support in a formal way this expansion of the solution space.
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