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a b s t r a c t 

The design of alternatives is an essential part of decision making that has been less studied in theory and 

practice compared to alternatives’ evaluation. This topic is particularly relevant in the context of public 

policy making, where policy design represents a crucial step of the policy cycle since it determines the 

quality of the alternative policies being considered. This paper attempts to formalise the decision aid- 

ing process in two real interventions dealing with alternatives’ generation for territorial policy making 

in Italy. The aim of this research is to understand what generates novelty within the alternatives’ de- 

sign phase of a decision aiding process, i.e. what allows to expand the solution space and discover new 

alternatives to solve the problem under consideration. It demonstrates ways in which novelty in deci- 

sion processes can be supported by Operational Research/Multicriteria Decision Aiding tools. The two 

case studies are used to answer the following 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 generated novelty in the process? The results highlight two main reasons that can ex- 

pand the solution space within a decision aiding process: (i) dissatisfaction (of the client, of the analyst 

or of the relevant stakeholders, especially when dealing with public policies) with respect to the solu- 

tions currently proposed to the decision making problem and (ii) opportunity for a change in one of the 

variables/constraints. 

© 2018 Elsevier B.V. All rights reserved. 
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. Introduction 

In a time when policy makers are tasked with developing in-

ovative solutions for increasingly complex policy problems, the

eed for intelligent design of policy alternatives has never been

reater ( Howlett, Mukherjee, & Woo, 2015b ). Policy makers must

void simply advocating “stock” solutions unless this is called for

y the limited nature of the available time for new designs (May,

981) . The design of alternatives to a decision problem is thus an

ssential part of the decision aiding process. However, it has been

ess studied in theory and practice compared to alternatives’ eval-

ation (e.g. Alexander, 1982 ), and this is particularly relevant in

he context of public policy making. From the standpoint of deci-

ion analysts, potentially involved in supporting policy making pro-

esses, this also represents a challenge. 
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Public policy alternatives are “options for government action

omprised of different sets of policy means–that is policy tools

nd their calibrations–bundled together into packages of measures

hich are expected by their designers to be capable of attaining

pecific kinds of policy outcomes” ( Howlett & Rayner, 2013 , p.171).

From the point of view of both research and practice ( Anderson,

975; Dunn, 1981; Dye, 1972; Jenkins, 1978 ), policy making is a

ong term public decision making process facing five major com-

lexities: (i) the use of public resources and commons; (ii) the

nvolvement of multiple stakeholders in a “de facto” participative

rocess; (iii) the long time horizon; (iv) the requirements of legit-

mation and accountability; (v) the need for the deliberation act

f deciding ( De Marchi, Lucertini, & Tsoukiàs, 2016; Tsoukiàs, Mon-

ibeller, Lucertini, & Belton, 2013 ). 

Therefore, policy makers are faced with different policy alter-

atives each producing multiple consequences that are difficult to

nticipate ( Walker, 20 0 0 ). In this regard, decision analysts can in-

roduce formal methods aimed to assist policy makers in improv-

ng their decision aiding processes ( De Marchi et al., 2016 ), allow-

ng the understanding of the complexities, ambiguities and driv-
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1 http://ec.europa.eu/regional _ policy/sources/docgener/guides/cost/guide2008 _ en. 

pdf . 
2 https://openknowledge.worldbank.org/bitstream/handle/10986/2561/ 

62470 0PUB0Cost0 0Box0361484B0PUBLIC0.pdf?sequence=1 . 
ing forces of multi-faceted phenomena ( Howlett, McConnell, & Perl,

2015a ). 

If supporting the process of policy making needs to be con-

sidered 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 al-

ternatives, 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 ( Considine, Alexander, & Lewis, 2014 ). Considine et al.

(2014) remarked that, despite major advances in the study of

public policy, policy design remained uncharted and relatively un-

derdeveloped, notwithstanding the promising works of Alexander

(1979, 1982) , Dryzek (1983) , Linder and Peters (1984) , Schneider

and Ingram (1988) , and Simon (1969) (see Section 2 for a detailed

discussion of the literature). 

Our contribution in this paper stems from two working hy-

potheses. The first one is that the intersection among the fields

which can contribute to creative 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 and some interesting preliminary attempts have

been proposed. This hypothesis has been tested and verified in

Section 2 of the paper. The second working hypothesis underpin-

ning the development of this research is that it is possible to for-

malise what generated novelty in the decision aiding process (e.g.

using Operational Research tools). 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 generated novelty within the alternatives’ design

phase of a decision aiding process? 

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 ). Section 5 concludes the paper by discussing the

answers to the research questions presented above. 

2. 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 ( Gero, 1990 ). This definition

echoes the one provided for problem solving by Newell and Si-

mon ( Newell & Simon, 1972 ), 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, to-

gether with issue identification, defining policy objectives, policy

testing, policy finalisation, policy implementation, policy monitor-

ing and evaluation, policy readjustment and innovation ( Lasswell,

1956 ). 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 applica-

tion of that knowledge to the development and implementation of

policies aimed at the attainment of specifically desired public pol-

icy outcomes and ambitions (e.g. Bobrow, 2006; Bobrow & Dryzek,

1987; Capano & Howlett, 2015 ). In this context, the artefact is com-

posed by those design features dealing with the implementation of

a policy program, while the object of change is the behavior of the

implementing agents ( Dente & Busetti, 2015 ). 
From an historical point of view, policy design was recognized

uite early as a primary responsibility of the policy sciences ( Dror,

971 ). Nevertheless, after a promising beginning in the 1970s and

980s ( Alexander, 1982 ), the field languished in the 1990s and

0 0 0s as work in the policy sciences focused on the impact on

olicy outcomes of meta-changes in society and the international

nvironment, such as globalization and the enhanced networkiza-

ion of society ( Howlett, 2014 ). Therefore, policy design did not fare

ell in the academic agenda ( Schneider & Ingram, 1988 ) and it was

lmost equated to the study of policy tools, i.e. focusing almost

xclusively on “design as a noun”, to the detriment of “design as

 process” ( Considine et al., 2014 ). More recent work re-asserting

he role of governments both at the international and domestic

evels has re-vitalized design studies (e.g. Howlett & Lejano, 2013;

askin, 2008 ). 

Being part of the policy cycle, policy design has been explored

ithin the body of literature concerned with policy making. Sur-

risingly enough, despite the literature on policy making being

ast and interdisciplinary, few disciplines have explored specifically

olicy design. We summarise their contribution in the following

aragraphs. 

Policy making has been mainly studied in policy analysis (e.g.

oran, Rein, & Goodin, 2006 ), with a large body of literature de-

oted to retrospective (ex post) analysis of policies (e.g. Considine,

012 ). Here, much of the design debate was monopolized by litera-

ure concerning tools ( Salamon, 2002 ), a largely descriptive body of

nowledge which helped identify how policies were designed and

 in its most recent developments - looked at the interaction ef-

ects of tool mixes (e.g. Howlett, 2005 ). Equally relevant is the role

f prospective (ex ante) analysis, which encompasses the forecast-

ng of consequences if policies were to be implemented and pre-

criptions about which policies should be implemented (e.g. Dunn,

012 ). However, there is little in the literature beyond general pre-

criptions on how to design policies ( Considine, 2012; Tsoukiàs

t al., 2013 ). Within this field, much of the original design litera-

ure in the 1960s and 1970s focused attention on “technical” anal-

sis, i.e. assessing the functional capacities of specific policy tools

nd how they could be applied to achieve policy goals in abstract

r imagined unconstrained policy making circumstances ( Capano

 Howlett, 2015 ). The newer design literature keeps this focus but

dds to it the need to also assess contextual factors involved in

ool choices and use, especially political ones (e.g. Baliga & Maskin,

0 03; Maskin, 20 08; Schon, 1992 ). In particular, this new design

rientation focused the attention on the construction over time of

olicy packages operating in complex multi-policy and multi-level

esign contexts, thus addressing multiple objectives and exploring

he interactive effects which occur when multiple tools are used

ver time (e.g. Capano & Howlett, 2015; Doremus, 2003; Howlett

t al., 2015b; Howlett & Ramesh, 2014; Jordan, Benson, Wurzel, &

ito, 2011 ). 

Equally, economists have been concerned with policy making,

ocusing much of their research on rational theories of public de-

ision making and formal methods for the ex-ante and ex-post

valuation of public policies (see for instance Dollery & Worthing-

on, 1996 ). Cost-Benefit Analysis (see Dasgupta & Pearce, 1972;

as, 1996 ) is widely used and, perhaps, the best known method

or evaluating public policies among both practitioners and re-

earchers (e.g. the Cost-Benefit Analysis manual of the European

nion 

1 and the World Bank manuals about CBA 

2 ). However, Cost-

enefit Analysis is not without contemporary critics (for exam-

le, Ackermann, 2010; Adler & Posner, 2006 ) and many other ap-

http://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008_en.pdf
https://openknowledge.worldbank.org/bitstream/handle/10986/2561/624700PUB0Cost00Box0361484B0PUBLIC0.pdf?sequence=1
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roaches have been developed such as, for instance, Real Options

nalysis (see Smit & Trigeorgis, 2004; Trigeorgis, 1990 ). Economists

ave developed mechanism design theory (e.g. Hurwicz, 1960;

urwicz, 1972; Maskin, 1985; Myerson, 1981; Myerson & Satterth-

aite, 1983 ) to support policy making processes by first identifying

he desired outcome or social goal to be achieved, then checking

hether or not an appropriate institution (mechanism) could be

esigned to attain that goal and finally exploring what form that

echanism might take (e.g. Baliga & Maskin, 2003; Maskin, 2008 ).

As authors of this paper and decision analysts with expertise

n different fields, we are particularly interested in the contribu-

ion that Operational Research (OR) and Decision Aiding ( Tsoukiàs,

007 ) can offer to the field of policy design. OR, unlike economics,

oes not possess a “world view”, i.e. an underlying holistic theory

or how the world works ( Kaplan, 2016 ). The natural unit of in-

erest in OR is “the problem”, which has to be studied, structured,

odeled, understood and, hopefully, improved ( Kaplan, 2016 ). 

When it comes to policy making, OR and Decision Analysis

ave developed, among others, methods which aim at support-

ng different phases of the policy cycle, such as Problem Struc-

uring Methods (e.g. Checkland, 20 0 0; Pollock, Rothkopf, & Bar-

ett, 1994; Rosenhead, 2006 ), System Dynamics ( Sterman, 20 0 0;

001 ), Data Envelopment Analysis and Performance Measurement

 Charnes, Cooper, & Rhodes, 1979; Cook & Seiford, 2009; Em-

ouznejad & Barnett, 2007 ) and Public Sector Operational Research

 Larson & Odoni, 1981; Rosenhead, 1981 ), to name the most rele-

ant ones. However, most emphasis in this stream has been on the

valuation of alternatives, resulting in the development of guide-

ines for public policy evaluation at different levels (e.g. the Green

nd Magenta Books of the UK Government, 3 4 the Public Policy

ssessment Book of the UK Government, 5 the European Social

und Manual 6 ), but with limited consideration to support policy

esign. 

Some interesting attempts to build bridges between

R/Management Science methods and economic analysis for

he design of public policies have tested the use of Multiple

riteria Decision Analysis and Multiple Objective Integer Program-

ing/goal programming models and general equilibrium models

o provide a range of efficient solutions (e.g. Mavrotas, Ziomas, and

iakouaki (2006) in the field of atmospheric pollution reduction;

ndré, Cardenete, and Romero (2009) for the design of macroeco-

omic and environmental policies; André and Cardenete (2009) for

scal policy in Spain; Jayaraman, Colapinto, La Torre, and Malik

2015) for the economic sector in the United Arab Emirates; Kaveri,

akvoort, and Linares (2017) for renewable energy). However, the

ocus was typically on combinatorial decision-making problems

or the definition of strategies (mixes of measures/modes) based

n economic and environmental variables or indicators, which

equires a structural model of the economy (e.g. André, Cardenete,

 Romero, 2010 ). Moreover, the inclusion of individual preferences,

s well as the weight of different individuals or groups and their

nterpersonal comparison of utilities within this type of framework

or policy design still needs to be addressed. 

Finally, Design theory as well has recently expressed an inter-

st towards the domain of public services, by proposing the oper-

tionalisation of general Design theories (e.g. Concept-Knowledge

heory, Hatchuel & Weil, 2009 ) which could be further explored in

olicy making contexts. 

Let us focus more specifically on the process of designing poli-

ies. Being each policy a complex arrangement of on-the-ground
3 http://www.hm-treasury.gov.uk/d/green _ book _ complete.pdf . 
4 http://www.hm-treasury.gov.uk/d/magenta _ book _ combined.pdf . 
5 http://www.bis.gov.uk/assets/biscore/better-regulation/docs/i/ 

1-1111-impact-assessment-guidance.pdf . 
6 http://ec.europa.eu/esf/main.jsp?catId=62 . 

3

 

t  

d  

t

nds and means-related content ( Howlett, 2014 ), they each result

n an irreversible allocation of public resources ( Tsoukiàs et al.,

013 ) which needs to be feasible, efficient (i.e. it is not possible

o find an alternative that allows improvement in the value of

ome objectives without harming the value of others ( André et al.,

009 ), and effective with respect to long term results. This defini-

ion is resonant with the definition of alternatives as combinations

f variables ( Williams, 1978 ), which makes it possible to interpret

he concept of policy design in a similar way as the one of alter-

atives’ design. 

However, the field of alternatives’ design has been almost ig-

ored also in the specialized Decision Science and OR literature.

ndeed, most decision problems discussed in the literature consider

he set of alternative solutions as “given”, although we know that

n practice such a set frequently needs to be constructed ( Colorni

nd Tsoukiàs, 2018 ). There is little in the literature addressing this

roblem (e.g. Belton & Stewart, 2002 ), despite the awareness of

t (for example, Goodwin & Wright, 1998; Keeney, 1996; Keller

 Ho, 1988; Newstead, Thompson, & Handley, 2002 ). In particu-

ar, Simon (1955) discussed this cognitive activity in his seminal

ork, but without providing operational and/or formal methods for

ddressing it. There have also been suggestions for value-focused

rainstormings of decision alternatives ( Gregory & Keeney, 2002;

eeney, 1996 ), an approach which is resonant with dynamic de-

ision problem structuring ( Corner, Buchanan, & Henig, 2001 ). Fi-

ally, insights on how to understand and structure a decision mak-

ng problem together with its possible strategic directions have

een developed within the stream of Soft System Methodologies

e.g. Belton & Stewart, 2002; Eden, 2004 ). 

A first attempt to identify common points between design the-

ry and decision aiding has been developed by Luè (2015) . In-

eed, both the design and OR communities have gone through a

ebate linked to the application of mathematical methods to real

orld problems. The two communities reacted in different ways,

ecause of the expertise and background of their respective re-

earchers and practitioners. However, they share the same underly-

ng challenge, i.e. designing or aiding decisions in problems which

re by definition wicked (or ill-defined, or messy). Moreover, a

eed for formalized methods to aid the design process seems to

ave emerged in the design community and at the same time a

eed for “innovative” tools outside the usual toolbox of the OR

ractitioner seems to have been highlighted in the OR community

 Luè, 2015 ). 

Based on the literature discussed above, the first claim that this

aper proposes is thus the following one: the intersection among

he fields which can contribute to creative policy design (i.e. pol-

cy studies, design theory, decision theory and operations research)

as not been properly investigated, although the problem is shared

mong the different fields. There is thus a need to call for a re-

ewed focus on policy design by means of a convergence of those

treams of research, which study how political, policy and strate-

ic decisions are made and implemented, that is how the policy

esign space is delimited and fulfilled. While these initial sections

f the paper proposed a critical analysis of the existing literature,

he reminder of the manuscript will focus on two case studies to

ormalise how new alternatives have been generated within a de-

ision aiding process for policy design. 

. Case studies: The context 

The two case studies proposed below highlight two processes

hat lead to the generation of new alternatives. Our aim is to un-

erstand and explain what generated novelty within the alterna-

ives’ design phase of these two decision aiding processes. 

http://www.hm-treasury.gov.uk/d/green_book_complete.pdf
http://www.hm-treasury.gov.uk/d/magenta_book_combined.pdf
http://www.bis.gov.uk/assets/biscore/better-regulation/docs/i/11-1111-impact-assessment-guidance.pdf
http://ec.europa.eu/esf/main.jsp?catId=62
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7 United Nations Educational, Scientific and Cultural Organisation, http://whc. 

unesco.org/ . 
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 agri-

cultural system of the Apulia Region, and investigates the policy

resistance mechanisms hampering the implementation of a water

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 groundwater (GW),

and by the strong impact of the water management framework on

Farmers’ behaviour ( Giordano et al., 2015 ). 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 long term social and environmental problems

and requiring more stringent regulation policies ( Portoghese et al.,

2013 ). Most of the policies implemented in the Mediterranean

basin aim either to improve the efficiency of GW use through inno-

vative irrigation techniques or to restrict the GW use through poli-

cies and a tight control of Farmers’ activities ( Giordano, D’Agostino,

Apollonio, Lamaddalena, & Vurro, 2013 ). 

The Apulia Regional Authority needs to protect GW quality and,

at the same time, to keep a high level of productivity of the agri-

cultural sector. To achieve these objectives, the Regional Authority

proposed the enforcement of GW restrictive measures (according

to the CEE 20 0 0/60). Based on a traditional policy design ap-

proach, 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 dam-

ages to the agricultural sector, highly dependent on the water-

demanding crops and irrigation practices. Therefore, the restrictive

Regional Water Protection Plan (2009) had not been implemented

at the time of the study, and the Regional Authority carried on a

time/money consuming revision process ( Giordano et al., 2015 ). 

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 under-

standing of the different problem framings can be a source of con-

flict, hampering the implementation and/or reducing the effective-

ness of environmental policies ( Giordano, Brugnach, & Pluchinotta,

2017 ). 

Considering the two main stakeholders, the Water Management

Authority (Consortium of Capitanata) has to deal with the wa-

ter 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 vol-

ume (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 2050–40 0 0

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 rain-

fed crops), keeping the water consumption at a sustainable level

and ensuring an equal water distribution for the irrigation season

( Pluchinotta et al. 2018 ). 

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 in-
ormation about SW maximum availability very late, and they have

wo alternatives, such as paying for the most expensive water tar-

ff or using the GW. The Regional Water Protection Plan does not

ecognize the GW option as an alternative. Nevertheless, Farmers

erceive GW as a cheap and easily accessible resource and the af-

ereffect is that Farmers tend to use GW. Both stakeholders act as

f the decision space was as simple as they presume it to be (i.e.

gnoring the role of some of the other actors and/or making as-

umptions about their decisional processes) ( Giordano et al., 2017 ).

The above indicates that there are discrepancies in the way in

hich the situation is interpreted by the different stakeholders,

eading to a situation of a general dissatisfaction. The generated so-

utions were considered “optimal” by the policy-maker, while they

ere not acceptable for the stakeholders. A detailed description

f the case study and the analysis of the ambiguity in problem

raming can be found in Giordano et al. (2017) and Pluchinotta et

l. 2018 , while this paper aims to formalise how new alternatives

ave been discovered during the decision making process under

onsideration. In Section 4.1 , we present the problem formulations

rom the point of view of the two main stakeholders involved and

he consequent introduction of a new variable. 

.2. Case study 2: Locating a new parking area in a World Heritage 

ite 

The area under investigation in the second case study is the

unicipality of Alberobello in southern Italy, which became a UN-

SCO 

7 site in 1996 due to the presence of the “Trulli”, a particular

orm of building construction which derives from prehistoric tech-

iques still functioning in the modern world, thus characterised by

 unique value. 

Given the increasing flows of people visiting Alberobello’s Mu-

icipality every year and the severe shortage of parking spaces, the

vailability of public parking areas has emerged as an issue of se-

ious concern for the local policy makers ( Ferretti, 2016 ). 

The decision making context under analysis represents a com-

lex territorial system since being a UNESCO site means that con-

icting needs coexist in the same area, i.e. conservation and pro-

ection needs as well as new development needs ( Ferretti, 2016 ).

he present situation is indeed characterized by heavy traffic prob-

ems, roads overcrowded with unregulated parking, high levels of

ollution, negative aesthetic impacts and, overall, bad services to

ourists and residents. Therefore, the Municipality carried out a

echnical study and identified five different locations as suitable

ites to host a new parking area ( Fig. 1 ). 

The general strategy followed by the municipality for the iden-

ification of the five suitable sites was based on the reuse as much

s possible of former industrial/abandoned areas in order to min-

mize the consumption of new soil, which is one of the most im-

ortant aspects of a UNESCO management plan ( SiTI (Istituto Su-

eriore sui Sistemi Territoriali per l’Innovazione), 2012 ). The buffer

one shown in Fig. 1 is the area whose boundaries have been de-

ned in order to protect and maintain the exceptional value of

he core area, as well as to limit negative development impacts on

t ( SiTI Istituto Superiore sui Sistemi Territoriali per l’Innovazione,

012 ). All five alternatives represented good options for the Munic-

pality which would have built them all. Given the limited avail-

bility of financial resources, the demand was for a priority order

or the five proposed alternatives. 

A detailed description of the decision support process devel-

ped to support the Municipality in the evaluation of the al-

ernative locations for the new parking areas can be found in

http://whc.unesco.org/
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Fig. 1. Suitable alternatives for the location of the new parking area in the municipality of Alberobello ( Ferretti, 2016 ). 

Table 1 

Key domain elements for the two case studies. 

Case study 1 Case study 2 

Policy goals Protect GW quality and quantity keeping high level productivity of 

the agricultural sector 

(i) Traffic congestion reduction, (ii) minimization of air pollution, 

(iii) user experience improvement, for both visitors and residents 

Policy means (i) Pricing strategy for water volume reduction, (ii) direct control of 

water volume used by farmers 

(i) provide parking spaces, (ii) encourage sustainable means of 

travel, (iii) taxation 

Time framing Several years Several years 

Stakeholders Apulia Region Authority, Water Management Authority, Farmers 

(for a detailed presentation of each stakeholder please refer to 

Pluchinotta et al. (2018) , Giordano et al. (2017) ) 

Alberobello Municipality, local residents, tourists, cultural 

associations, tourist operators, commercial associations, local 

practitioners, local entrepreneurs, surrounding municipalities, 

disabled people associations, environmental associations, Provincial 

government, environmental experts (for the detailed classification 

of each stakeholder please refer to Geneletti and Ferretti (2015) 
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erretti (2016) , while a discussion and categorisation of the in-

olved stakeholders can be found in Geneletti and Ferretti (2015) . 

This paper is intended to shed some light on how to expand

he solution space and discover new alternatives for the specific

roblems under consideration. The formal description of the deci-

ion aiding process which exploited the opportunity for a change

n one of the variables/constraints of the problem (in this case the

ncrease of the available budget) to generate new alternatives is

resented in Section 4.2 . 

Table 1 summarizes for both case studies the key policy ele-

ents at the time the decision aiding processes started. 

. Case studies: Formal description 

.1. Case study 1: Generation of a different vision for the agricultural 

ater management system in the Apulia Region 

.1.1. First formulation 

The current section showcases different problem formulations

erived from the work of Giordano et al. (2017) . It uses a mathe-

atical programming language which allows to understand rapidly

he formal differences of perspective between different problem

ormulations. Optimization in agriculture is a complex issue char-
cterized by interaction of a large number of factors including the

ssignment of limited resources and information concerning prices

 Filippi, Mansini, & Stevanato, 2017 ). Our formalizations underline

hat the dissatisfaction of stakeholders and analyst with the first

ormulation leads to the identification of a new variable. This pro-

ess can be considered a starting point to generate new alterna-

ives. 

The Regional Authority first formulates a decision problem from

ts own point of view, let us call it �1 R . The Regional Authority

ims at minimising the irrigated practices, promoting a maximiza-

ion of rainfed crops use. 

in 

∑ 

i j 

x db 
i j + x dh 

i j 

ax 
∑ 

i j 

x rb 
i j + x rh 

i j 

ubject to 

 

i j 

x db 
i j + x dh 

i j + x rb 
i j + x rh 

i j ≤ F tot 

 

i j 

w 

r 
j x 

rb 
i j ≤ W min 
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i  

s  
∑ 

i j 

p j k j (x db 
i j + x dh 

i j + x rb 
i j + x rh 

i j ) 

−
∑ 

i j 

c b (x db 
i j + x rb 

i j ) −
∑ 

i j 

c h (x dh 
i j + x rh 

i j ) ≥ R 

∀ i 
∑ 

j 

w 

d 
j x 

db 
i j + w 

r 
j x 

rb 
i j = W 

b 
i 

∀ i 
∑ 

j 

w 

d 
j (x db 

i j + x dh 
i j ) + w 

r 
j (x rb 

i j + x rh 
i j ) = W iT OT (1)

where x lt 
i j 

represents the land (hectares) cultivated by Farmer i on

crop j , while the two superscripts l and t can take two values, re-

spectively: b , h (base and additional) as far as the pricing of the

water supply is concerned and r , d (rainfed and water-demanding)

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 wa-

ter 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 infor-

mation but in case j is a rainfed crop; p j is the revenue ( € / 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 con-

siders 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 Wa-

ter Protection Plan (see Section 3.1 ), the Consortium decides to in-

crease significantly the price of the additional water supply volume

c h (0.36 e / m 

3 for 2050–40 0 0 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 rea-

sonable for the Farmers’ budget. F tot represents the total amount

of hectares of the area under analysis, W 

b 
i 

represents the basic wa-

ter supply allocated to Farmer i , W iTOT the global water supply to

Farmer i , while R represents a sustainable revenue for the Farmers.

In order �1 R to hold, the hypothesis is that Farmers reason with

the problem formulation �1 F . 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 �1 F : 

∀ i max 
∑ 

j 

p j k j (x db 
i j + x dh 

i j + x rb 
i j + x rh 

i j ) 

−
∑ 

j 

c b (x db 
i j + x rb 

i j ) −
∑ 

j 

c h (x dh 
i j + x rh 

i j ) 

subject to 

∑ 

j 

x db 
i j + x dh 

i j + x rb 
i j + x rh 

i j ≤ F i 

∑ 

j 

w 

d 
j x 

db 
i j + w 

r 
j x 

rb 
i j = W 

b 
i 

∑ 

j 

w 

d 
j (x db 

i j + x dh 
i j ) + w 

r 
j (x rb 

i j + x rh 
i j ) = W iT OT (2)

If c h > c b , it is obvious that the best policy consists in minimis-

ing 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
he part of land dedicated to water demanding cultures (which

ypically produce a higher revenue). How can this happen? The

eason is simple: most of the Farmers have access to GW (through

ells which most of the times are considered as private property).

nce the “cheap” ( c b ) water has been consumed the Farmers will

ot go for the expensive one, but start using GW which they pump

rom their wells. In other terms, we can make the hypothesis that

he real decision model each Farmer uses is different from the bi-

evel model that the Consortium considers. 

.1.2. Second formulation 

Let us consider now a new problem formulation �2 F (see

q. (3) ) which should fit better our hypothesis about the Farmers’

olicy. In this case we first need to consider the availability of GW

or each Farmer ( W 

g 
i 

) and then we need to enhance the decision

ariables: x lt 
i j 

will always describe the structure of the variables

et, but now the possible options for superscript l will be b , h , g

n order to consider land irrigated using GW (priced appropriately:

 g ). In other terms, the variables of the type x 
gt 
i j 

stands for land of

armer i , cropping j which can be either rainfed ( r ) or irrigated ( d ),

ut irrigated using GW ( g ). 

 i max 
∑ 

j 

p j k j (x db 
i j + x dh 

i j + x dg 
i j 

+ x rb 
i j + x rh 

i j + x rg 
i j 
) 

∑ 

j 

c b (x db 
i j + x rb 

i j ) −
∑ 

j 

c h (x dh 
i j + x rh 

i j ) 

∑ 

j 

c g (x dg 
i j 

+ x rg 
i j 
) 

ubject to 

 

j 

x db 
i j + x dh 

i j + x dg 
i j 

+ x rb 
i j + x rh 

i j + x rg 
i j 

≤ F i 

 

j 

w 

d 
j x 

db 
i j + w 

r 
j x 

rb 
i j = W 

b 
i 

 

j 

w 

d 
j x 

dg 
i j 

+ w 

r 
j x 

rg 
i j 

= W 

g 
i 

 

i 

w 

d 
j (x db 

i j + x dg 
i j 

+ x dh 
i j ) + w 

r 
j (x rb 

i j + x rg 
i j 

+ x rh 
i j ) = W iT OT (3)

here c g is the price of GW and, according to the actual situation,

 h > c g > c b . There are two considerations to make here. We firstly

id a simplification considering that the price for pumping GW is

he same for all Farmers: this is not far from the reality; however,

s not relevant for our reasoning. The second consideration has to

o with the perception of this cost (pumping GW): since the wells

xist and water they access is considered private, the Farmers do

ot perceive any real cost besides the operational cost necessary to

un the pumps. This perceived cost is far from what the real cost

ould be if the GW had to be “sold” (as happens for the water

rovided by the Consortium). 

It is interesting to note that the differences between the two

roblem formulations reveal that the Farmers have a larger and

icher solution space, practically ignored by the Water Manage-

ent Authority and the Regional Authority. These differences stand

or discrepancies on how the water management problems is per-

eived and interpreted by the different stakeholders. The Regional

uthority through the Water Protection Plan acted within a partial

ecision space. The result is a Plan which is de-facto not sustain-

ble for a very simple reason: it is neither applied nor applicable. 

Let us make one step further and let us see how a Regional pol-

cy could be defined as a result of a problem formulation which

hould consider the Farmers’ real policies. We call this problem
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in 
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g 
i 

in 

∑ 

i j 
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i j + x dh 

i j + x dg 
i j 

ax 
∑ 

i j 

x rb 
i j + x rh 

i j + x rg 
i j 

subject to 

 

i j 

x db 
i j + x dh 

i j + x dg 
i j 

+ x rb 
i j + x rh 

i j + x rg 
i j 

≤ F tot 

 

i j 

p j k j (x db 
i j + x dh 

i j + x dg 
i j 

+ x rb 
i j + x rh 

i j + x rg 
i j 
) 

∑ 

i j 

c b (x db 
i j + x rb 

i j ) −
∑ 

i j 

c h (x dh 
i j + x rh 

i j ) 

∑ 

i j 

c g (x dg 
i j 

+ x rg 
i j 
) ≥ R 

 i 
∑ 

j 

w 

d 
j x 

db 
i j + w 

r 
j x 

rb 
i j = W 

b 
i 

 i 
∑ 

j 

w 

d 
j (x db 

i j + x dh 
i j + x dg 

i j 
) + w 

r 
j (x rb 

i j + x rh 
i j + x rg 

i j 
) = W iT OT + w 

g 
i 

(4) 

The reader will note that the introduction of the new variables

 

g 
i 

and x 
lg 
i j 

defines new possible solutions previously inconceivable.

t is also clear that if previously the instrument for implementing

 policy was the price of the water provided by the Consortium,

n order to implement a policy within the new problem formu-

ation it is necessary to define new policy strategies related to the

W price. However, this is presently impossible: there is no precise

artography showing where the wells are located and there is no

ay to put a price upon the GW. This precise situation may induce

he following actions: map the wells and then suggest the estab-

ishment of an agency (similar to the existing Consortium) which

hould manage the GW. After all if the Consortium is legitimated to

rice the SW why should it not be possible to create a legitimated

gent managing the GW? Besides allowing to make operational de-

isions as far as the level of GW exploitation is concerned, it could

ntroduce more awareness among the Farmers about the risks (and

he cost) of overexploiting the aquifers. 

.2. Case study 2: Expanding the solution space for the Alberobello 

unicipality from single parking areas to combinations of parking 

lots 

.2.1. First formulation 

This section proposes an ex-post reconstruction of the process

eveloped in Ferretti (2016) , highlighting how the opportunity for

 change in one variable/constraint of the problem can support the

eneration of new alternative solutions. 

More specifically we denote X = { x 1 , x 2 , x 3 , x 4 , x 5 } the set of the

ve alternati ve parking sites under analysis, which are all consid-

red as feasible and desirable ones. However, given the budget

onstraints, the Decision Maker was only considering the hypoth-

sis of constructing one (possibly the less expensive and possibly

he best compromise in terms of parking capacity, environmental

mpact and landscape impact). 

Under such a perspective the problem can be formulated in a

imple way: identify the best solution (according to cost, parking

apacity and impacts) among the elements of the set X (see Eq.

5) ). In other terms, we are looking for the solution to the problem:

up 

�
(X × X ) (5) 
here �⊆X 

2 is an ordering relation upon the set X such that x i �x j 
tands for x i being preferred to x j for one or more criteria consid-

red all together. At this point it does not really matter how the

reference is constructed, but the fact that this relation is estab-

ished upon the set X , the objective being to choose one among

he possible parking lot solutions. 

Consider now the case for which the Decision Maker discovers

he possibility of applying for some funding from an international

gency. This type of funding can be used for management projects

oncerning the area. This new availability of economic resources

llows the Decision Maker to take into account other factors which

lay an important role in managing a UNESCO site, thus shifting

rom a mono-criterion formulation of the problem to a multiple

riteria one. The new dimensions of the problem which were con-

idered as the most important aspects by the Decision Maker were

he distance from tourist attractions d j and the aesthetic impact on

he landscape l j of each parking location x j . The reader interested

n the original data considered by the Decision Maker can refer to

he study described in Ferretti (2016) . 

.2.2. Second formulation 

Given that the amount of extra funding which might become

vailable for the Municipality will still not allow to build the five

arking lots all together, the new formulation of the problem still

as a constraint on the increased budget such that a number of

aximum k parking lots (out of the five possible locations) can be

onstructed simultaneously (see Eq. (6) ). As a result, we are now

rying once again to solve a ranking problem: 

up 

�
(2 

X 
k × 2 

X 
k ) (6) 

ut the ordering relation will not apply upon the set X , but upon

he set 2 X 
k 

which are the subsets of X with cardinality k . This sec-

nd formulation allows the Decision Maker to investigate possible

ombinations of parking sites (i.e. the Decision Maker is not con-

trained any more to build only one parking but can build more of

hem at the same time, provided they still fit within the budget).

n this new formulation every alternative becomes a combination

f k parking lots, each being described by a vector of attributes

cost, impact on landscape, distance from tourist attractions, etc.).

hile considering multiple criteria and structuring them accord-

ng to a Multi Attribute Value Theory framework ( Ferretti, 2016 ),

he Decision Maker realised that, if combinations of parking lots

ecome feasible to build, then the direction of preference on each

ttribute is not independent from the others anymore. For exam-

le, distance is not evaluated any more as “the closer, the better”

ecause, with a combination of parking areas, one parking could be

ore central (to leave the tourist at the beginning of the tourist

ath), another one could be far from the center (for the tourist

uses to wait during the day) and another one could be close to

he core UNESCO area again (to pick up the tourists at the end

f the visit). The same kind of reasoning applies for the “impact

n the landscape” criterion, which can now be negative for the

arking in the combination which is far from the core UNESCO

rea and thus used as a waiting area for the buses which have al-

eady left the tourists in the core UNESCO area. The preferences on

he distance from the tourist attractions and on the impact on the

andscape are thus dependent. This calls for a new formulation of

he problem. 

.2.3. Third formulation 

In the third formulation of the problem, we use preferences

ets (CP nets) (see for instance Boutilier et al., 2004 ), to account

or dependent preferences between different alternatives in the de-

ision space. 

We consider the parking location problem with X =
 x , x , x , x , x } set of all potential alternatives, A = { α , α , α }
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Fig. 2. Conditional preference order on attributes describing the parking location problem. 

Table 2 

Conditional preference structure 

of the parking location problem. 

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 

Table 3 

Performances of the alternatives with reference to the attributes: 

cost ( α1 ), distance ( α2 ) and impact on the landscape ( α3 ). 

A α1 α2 α3 

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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. The resulting attributes’ space L m for the parking location problem. 
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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 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 presented in Table 2 and

Fig. 2 . 

The resulting lattice L m 

, representing the ordered arrangement

of the attributes, is showed in Fig. 3 . 

Given that the available budget would allow to build not more

than three parking lots together, the problem is to choose the best

subset of three locations among the five 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 ) inde-

pendent 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 3 ). Interested readers should note

that, despite similarities, this is not a lexicographic order since

preferences on lower ranked criteria depend on preferences on

higher ranked criteria. 

This final formulation of the problem allows the Decision Maker

to discover the 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 inter-

esting 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

olicy making aiming to understand and explain what generates

ovelty within a decision aiding process. In this section, we sum-

arise our answers to the research questions that we formulated

n the introduction, i.e. (i) Why have new alternatives arose dur-

ng the policy making process in the two case studies? (ii) How

ave they been generated? (iii) Which consequences did they lead

o? and (iv) What has generated novelty within the alternatives’

esign phase of the decision aiding process?. 

The first case study deals with two different problem formu-

ations, allowing to investigate the policy resistance mechanisms

ampering the implementation of the GW protection policy in the

pulia Region. Concerning our research questions, we could report

hat: 
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(i) A new alternative has been conceived after the unsustain-

bility of the water management system and the general dissatis-

action derived from the first formulation, where one of the stake-

olders’ decision space was neglected (i.e. the Farmers’ ones). A

imited understanding of the different problem framings was a

ource of conflict, reducing the effectiveness of the Regional GW

rotection policy. 

(ii) The differences between the formulations underline that

here are discrepancies in the way in which the situation is inter-

reted by the different stakeholders, leading to the identification

f a new variable of the decision space. The new alternative (i.e.

vailable GW resource according to Farmers’ perception) has been

dentified and integrated into the decision model. 

(iii) The main consequence of the identification of the new

lternative is a better understanding of the observed policy re-

istance mechanism. The Farmers’ resistance behaviour mainly

ccurred due to the economic damages originated from the GW

estrictive use strategy to the agricultural sector, highly dependent

n irrigation practices. A complete decision model can be consid-

red a starting point to generate new policy alternatives for water

anagement and GW protection. 

(iv) In view of the current situation, the Regional Authority’s

olicy effort s are neutralized by Farmers’ behaviors. Farmers con-

inue to use as much GW volume as they can, aiming to maximize

heir profits per hectare. What generated novelty in this case study

s the opportunity to introduce the GW as variable in the decision

odel in order to redefine the policy alternatives. 

In the second case study, we analysed an urban planning pro-

ess in a World Heritage site dealing with the location of a new

arking area. Below the answers to our research questions: 

(i) A relaxation on the budget constraint allowed to expand

he solution space by conceiving a new alternative (i.e. a combi-

ation of parking locations rather than mutually exclusive sites)

hich was not foreseen at the beginning of the process and which

eemed to satisfy better the Decision Maker. This discovery may

ndeed work as a stimulus to actively seek extra funding opportu-

ities during further negotiation processes in similar as well as in

ifferent projects. 

(ii) The new “solution” (i.e. the combination of parking lots 1,

 and 4 in Figure 1) has been generated through a multi attribute

ecision making process able to consider preference dependency

mong the considered attributes. 

(iii) As a consequence of the development and discussion of this

ew alternative, the participants in the process gained a better un-

erstanding of the value trade-offs existing between the attributes

nder consideration, e.g. they realized that, when considering a

ystem of parking lots, they are willing to accept a weaker perfor-

ance on the “aesthetical impact on the landscape” if the location

f the parking is less central. Preferences are indeed constructed

 Beinat, 1997 ) and the learning effect which takes place during the

ecision making process is one of the most important impacts of

ecision Analysis. 

(iv) What generated novelty in this case study was the oppor-

unity for a change in one of the variables/constraints, i.e. the pos-

ible increase in the available budget thanks to the opportunity

o apply for external funding. This highlights that a possible best

ractice for multi attribute decision making processes, always de-

ending on the specific characteristics of the problem under anal-

sis, might be to compute an overall performance score for each

lternative for the benefit-type of attributes and an overall perfor-

ance score for each alternative for the cost-type of attributes and

nly after combining these two scores. This would indeed allow to

void constraining the solution space due to the available budget

nd stimulate the search for better and more creative alternatives.

t is worth highlighting that in this case study the opportunity for

 change in one of the variables concerned the possible increase of
he available budget, in other policy contexts the change may con-

ern other variables which may not be easily included in the initial

egotiation process. 

Thanks to the analysis of the above case studies, we have iden-

ified two possible reasons for an expansion of the solution space:

) dissatisfaction (of the client, of the analyst or of the relevant

takeholders, especially when we are dealing with public policies)

ith respect to the solutions currently proposed to the decision

aking problem; and ii) opportunity for a change in one of the

ariables/ constraints (e.g. increase in the available budget). These

wo mechanisms echo two well-known reasons for theory change

 Alchourron, Makinson, & Makinson, 1985 ), i.e. revision (i.e. an in-

ernal modification) and update (i.e. an external modification). In

ur case the revision corresponded to a change in the expectations

f the client/stakeholders and an update corresponded to the dis-

overy that something has changed in the context of the project,

.g. the budget. In our two studies, the consequence of the pres-

nce of a dissatisfaction feeling or a new opportunity is a change

n a variable of the decision model (in case study 1, the GW con-

umption which is not considered 0 anymore but can have positive

alues and, in case study 2, the budget constraint which has been

oftened). 

It is worth underlining that the alternatives’ evaluation repre-

ents the subsequent phase of the decision aiding process (e.g.

soukiàs, 2007 ). It is in this phase that the risks of inferior so-

utions (e.g. less effective, less efficient, less robust against future

cenarios) can be addressed (e.g. Belton & Stewart, 2002 ). 

Lastly, we acknowledge that generalising our findings warrants

aution for several reasons. First, this paper discusses findings from

nly two case studies. It is the hope of the authors that the lessons

earned through these two case studies can stimulate further re-

earches on the generation of alternatives in policy design. Sec-

ndly, what we proposed is an ex post analysis of two case stud-

es, rather than a real time account of the policy design process.

hus, future research could explore the replicability of our answers

cross other policy making interventions. Thirdly, we acknowledge

hat not all problems can be formalised in mathematical terms.

he two case studies we proposed were indeed suitable to be

athematically formalised but were dealing with a limited num-

er of variables and constraints. Increasing the number of vari-

bles/constraints would certainly represent a further complexity in

olving the problem. Undoubtedly, new alternatives can be gener-

ted using other OR techniques such as inverse optimisation (e.g.

huja & Orlin, 2001; Roland, De Smet, & Rui Figueira, 2013 ) which

llow dominated solutions (generally neglected), to become non-

ominated with a minimal adjustment of the problem parameters

e.g. objective functions coefficients). 

In conclusion, this paper has showed that novelty in the al-

ernatives’ design phase of a decision aiding process can come

hrough a change in a variable/constraint which then allows to ex-

and the solution space. Although increasing the number of vari-

bles/constraints certainly represents a supplementary difficulty of

olving the problem, what we learned from this study is that the

ossible expansion of the solution space is obtained through the

volution of problem formulations, due to revision and/or update,

uch that both the client and the analyst enrich their perspectives,

mprove their problem insight and establish mutual satisfaction.

esign and decision theory could be a promising tool to support in

 formal way this expansion of the solution space within a policy

aking process. Indeed, the use of multi-disciplinary approaches

n both case studies (i.e. socio-environmental participatory mod-

lling, system dynamics and problem structuring methods in case

tudy 1 ( Pluchinotta et al., 2018; Giordano et al., 2017 ); cognitive

apping with participatory planning and multi criteria decision

nalysis in case study 2 ( Ferretti, 2016; Geneletti & Ferretti, 2015 ))
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highlights the need for the convergence of multiple fields to im-

prove policy making processes. 
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