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ABSTRACT 

We review the Integrated Fuzzy and Relative (IFR) approach with the aim of showing how its universal and interdisciplinary features can be 
used to define composite indicators in different settings. This methodology, introduced for the purpose of measuring poverty by means of a 

multidimensional perspective and fuzzy logic, can be applied in different research frameworks. The article provides and discusses two practical 

examples of applications of this methodology in two different settings, namely, children’s wellbeing and agro-food sustainability. The paper 
concludes with warnings that should be heeded by analysts, policymakers, and audiences when computing, examining or reading the results of 

this methodology. 

Keywords: Multidimensional and fuzzy approach, poverty, composite indicators.  

RESUMEN 

Revisamos el enfoque Fuzzy Integrado y Relativo (IFR) con el objetivo de mostrar cómo se pueden utilizar sus características universales e 

interdisciplinarias para definir indicadores compuestos en diferentes entornos. Esta metodología, introducida con el propósito de medir la 
pobreza mediante una perspectiva multidimensional y una lógica fuzzy, puede aplicarse en diferentes marcos de investigación. El artículo 

proporciona y discute dos ejemplos prácticos de aplicaciones de esta metodología en dos entornos diferentes, a saber, el bienestar de los niños 

y la sostenibilidad agroalimentaria. El artículo concluye con advertencias que deben ser atendidas por analistas, responsables de políticas y el 

público al calcular, examinar o leer los resultados de esta metodología.  

Palabras clave: Enfoque fuzzy y multidimensional, pobreza, indicadores compuestos. 
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1. INTRODUCTION 

Composite Indicators (CIs) combine information from a number of different dimensions into a single index on 

the basis of an underlying model of the specific multidimensional concept that is being measured, with the goal of 

simplifying the concept’s interpretation (Greco et al., 2019, Saltelli, 2007; Grupp and Mogee, 2004). For this 

reason, CIs have received substantial attention in many areas of economic, social and environmental statistics in 

recent years, as they represent a useful way to summarize and present information. Consequently, various 

methodologies have been developed to handle different aspects of issues related to their empirical implementation 

(Bandura, 2011; Liang et al., 2017; OECD, 2011, Kaklauskas et al., 2018; Giambona and Vasallo, 2014; Sanchez 

and Ruiz-Martos, 2018). The abstract concept of poverty and its multidimensional nature, which can be only 

partially captured by a single indicator (usually based on income or consumption), has offered an interesting setting 

for the development of different CIs in socioeconomic literature (Bourguignon and Chakravarty,1999; Anand and 

Sen, 1997; De Muro et al., 2011). Indeed, one should enlarge the range of indicators to encompass all necessary 

information on a matter that is generally multidimensional in nature (Atkinson and Bourguignon, 1982; Atkinson, 

2003; Tsui, 2002; Alkire et al., 2015). However, monitoring one phenomenon – such as poverty – using several 

indicators can be a complicated task for the public, especially when a common trend for the indicators cannot be 

identified. Therefore, it would be easier for the public to understand the phenomenon using a single number that 

summarizes the necessary information. 

The UNPD’s Human Development Index (UNDP, 1990, 1997, 2010) is an example of such a summary number. 

It is computed using the simple arithmetical average of three dimensions (i.e., long and healthy life, knowledge 

and a decent standard of living). Furthermore, the definition of composite indices in multidimensional poverty 

analysis is sometimes complemented by the assumption that poverty is not only a multidimensional phenomenon 

but also a vague predicate that manifests itself in different shades and degrees (fuzzy concept) rather than an 

attribute that is simply present or absent for households in the population, as the traditional poverty approach 

assumes (Cerioli and Zani, 1990; Chiappero Martinetti, 1994, 2000). Over the last few years, both of these crucial 

aspects have stimulated the definition of CIs based on multidimensional and fuzzy approaches to poverty analysis. 

The added value of this article is to review the literature on a specific multidimensional and fuzzy approach to 

poverty measurement (named the Integrated Fuzzy and Relative- IFR approach) introduced for the first time by 

Betti et al. (2006) on the basis of the seminal work of Cheli and Lemmi (1995). The aim is to demonstrate the 

universal and interdisciplinary nature of this approach. 

In particular, this article examines previous writings on the IFR approach and attempts to develop an 

understanding of the role this methodology could play in defining CIs in several empirical settings. More 

specifically, this paper aims to achieve two goals. First, it aims to provide – from an analytic point of view – a 

summary view of the process used to build this CI. Second, it provides two practical examples of applications of 

this methodology in two different settings (i.e., children’s wellbeing and agro-food sustainability). For each 

example, we highlight the warnings that should be clear to analysts, policymakers, and audiences when computing, 

examining or reading the results of these CIs. Indeed, the process of aggregating heterogeneous information is 

itself very challenging and subject to numerous threats. 

The paper is divided into the following sections. The methodological section, which follows the present section, 

introduces a literature review and the steps required to build the IFR indicator within the framework of 

multidimensional poverty measurement; the next two sections provide examples of putting the theory into practice 

in two different settings; that paragraph is followed by a brief discussion and some final remarks. 

2. THE IFR APPROACH 

2.1 The fuzzy set concept 

The fuzzy set theory, introduced by Zadeh in 1965, emerged in response to evidence that real situations are 

often characterized by imprecision, uncertainty and vagueness and cannot be properly described by the classical 

set theory, which represents reality in a simple true-false binary logic. Indeed, in the classical crisp approach, the 

sets are characterized by sharp and clearly defined boundaries, and thus, an item may fully belong or not belong 

at all to a set according to a bivalent condition (Dubois and Prade, 1980). In contrast, in fuzzy set theory, an item 

may belong to a set with partial degrees of membership between 0 and 1 and not only with extreme membership 

values of 0 and 1. A fuzzy set is hence an extension of a classical set. It is a collection of elements with a continuum 

of grades of membership, and it is characterized by a membership function that defines to what extent an element 

belongs to the set, that is, the grade of membership for the elements of a given set. 

According to Zimmermann (1996), “if X is a collection of objects denoted generically by x, then a fuzzy set A 

in X is a set of ordered pairs A =  {(x,  µA(x)|x ∈ X} where µA(x) is called the membership function or grade of 

membership/degree of truth of x in A. It maps each element of X to a membership value between 0 and 1”. 

https://www.sciencedirect.com/science/article/pii/S1138489115000357#bib0170
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As shown in the commonly used example of tall people (Figure 1), the crisp approach identifies whether a 

person is tall or not in binary terms over the interval {0, 1}. In this case, tall men are those above 180 cm, and not-

tall men are those below 180 cm. In contrast, the fuzzy approach describes how tall a person is through a 

membership function that defines how each height value is mapped to a membership value over the interval [0, 1]. 

All people belong to the fuzzy set “tall people”, but their degrees of membership depend on their height. Indeed, 

the concept of “tall person” cannot often be sharply defined, as it may be ambiguous and may depend on each 

individual’s perception. 

Figure 1. Crisp vs fuzzy sets 

 

Source: own elaboration from Negnevitsky, 2005 

Therefore, fuzzy logic allows considering truth as a matter of degree in the whole interval [0, 1] rather than a 

simple {0, 1} dichotomy. 

2.2 Literature review on the IFR approach 

Fuzzy set theory has been shown to be a powerful tool to describe the multidimensionality and complexity of 

social phenomena; it contrasts with the classical crisp approach, which generally tends to overestimate or 

underestimate social dynamics (among others, for instance, Cerioli and Zani,1990; Vero and Werquin, 1997; 

Deutsch and Silber, 2005; Costa and De Angelis, 2008). Among these works, we are interested in those based on 

fuzzy logic according to the seminal works of Cheli et al. (1994) and Cheli and Lemmi (1995). In these seminal 

works, the authors have called their new methodology Totally Fuzzy and Relative Approach (TFR), thus 

modifying the approach named Totally Fuzzy Approach (TFA) used by Cerioli and Zani (1990). According to the 

TFR approach, each individual’s propensity to poverty and deprivation is represented not only by monetary 

indicators, defined as the share of individuals better-off than the individual considered (1-F) or Fuzzy Monetary, 

but also by other supplementary nonmonetary variables (e.g., variables representing the observed items whose 

aggregation defines different latent dimensions of poverty), called Fuzzy Supplementary, thus overcoming the 

simple dichotomization of the population between poor and nonpoor in relation to a given poverty line. Betti and 

Verma (1999) proposed a new membership function starting from these seminal works and defined the propensity 

to poverty as the share of income received by individuals better-off than the individual considered (1-L). 

The two membership functions proposed by Cheli and Lemmi (1995) and by Betti and Verma (1999) have a 

graphical interpretation connected with Lorenz’s curve (see Figure 2). 

Over the years, several other works have been published based on this theoretical framework. They included 

further developments of the methodology and/or empirical studies. Cheli and Betti (1999) used the TFR approach 

to study poverty dynamics in Italy; the paper of Filippone et al. (2001) discussed the interpretability of TFR 

measures and their weighting system. Chiappero Martinetti (2000), Clark and Quizilbash (2002) and Lelli (2001) 

use the TFR method to analyze poverty or well-being according to Sen’s capability approach (Sen, 1993). 

In 2006, Betti et al. further developed the seminal work of Cheli and Lemmi (1995), introducing the Integrated 

Fuzzy and Relative approach (IFR). This approach combines the two membership functions proposed by Cheli 

and Lemmi (1995) and Betti and Verma (1999) into a unique one (see next section for further details). 

Further contributions on the philosophy, mathematics and economics of the fuzzy set approach to poverty 

measurement can be found in the book by Lemmi and Betti (2006); additional contributions on the application of 

this methodology to poverty are from Belhadj (2011, 2012), Betti and Verma (2008), Betti et al. (2009), Verma 

and Betti (2011), Alkire and Foster (2011), Belhadj and Limam (2012) and Betti et al. (2013). 
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Figure 2. Membership functions by Cheli and Lemmi (1995) vs Betti and Verma (1999) 

 

Finally, Betti et al. (2015) illustrate in detail that the IFR approach can be used to define CIs that can in turn 

be used to complement the traditional analysis of poverty, which is based on only a monetary variable, such as 

income or consumption. In particular, the authors draw on the IFR approach developed for the construction of a 

multidimensional index of poverty and deprivation. Recently, Verma et al. (2017) extended the fuzzy 

conceptualization to longitudinal poverty measures, and Betti et al. (2018) presented a methodology to estimate 

the standard errors of fuzzy measures. 

2.3 A methodological note on the IFR approach 

As we stressed in the previous section, Betti et al. (2006) introduced the so-called Integrated Fuzzy Relative 

(IFR) approach. The idea is to take into account a whole series of single items that are each intended to measure a 

particular aspect of poverty. When defining the membership function, three cases should be distinguished: 

dichotomous variables, polytomous variables and continuous variables. 

Dichotomous variables are typically used for items that indicate whether an individual/household owns a given 

durable good or not; polytomous variables are qualitative items that may take more than two values, where higher 

values denote a higher risk of deprivation. Finally, income or consumption expenditures are good examples of 

deprivation indicators that are continuous. 

In particular, the IFR approach works on a set of different nonmonetary indicators (e.g., dichotomous and 

polytomous variables), assumed to be the manifest representation of a restricted number of underlying dimensions 

of deprivation, in addition to a monetary indicator (e.g., a continuous variable) based on the equivalent disposable 

income. 

Starting from this set of observed items, a membership function is defined. This function is some quantitative 

specification of individual propensity to poverty and deprivation depending on the other individuals included in 

the analysis. Accordingly, a membership function’s value of 0 is always associated with the lowest risk of poverty 

and deprivation, whereas a value of 1 is associated with the highest risk. 

Accordingly, the propensity to poverty and deprivation for any individual of rank j, that is, the degree of 

monetary and nonmonetary deprivation, is quantitatively specified through the generalized form of the 

membership function as follows: 

𝜇𝑗,𝑘 = (
∑ 𝑤𝛾|𝑋𝛾 > 𝑋𝑗

𝑛
𝛾=𝑗+1

∑ 𝑤𝛾|𝑋𝛾 > 𝑋1
𝑛
𝛾=2

)

𝛼𝑘−1

(
∑ 𝑤𝛾𝑋𝛾|𝑋𝛾 > 𝑋𝑗

𝑛
𝛾=𝑗+1

∑ 𝑤𝛾𝑋𝛾|𝑋𝛾 > 𝑋1
𝑛
𝛾=2

)       (1) = (1 − 𝐹𝑗,𝑘)
𝛼𝑘−1

(1 − 𝐿𝑗,𝑘) 

𝑗 = 1, … , 𝑛 − 1;  𝜇𝑛,𝑘 = 0 

where X is the equivalized household income in the monetary deprivation or the overall score s in the 

nonmonetary deprivation (see below for details on the definition of s), wγ is the sample weight of individual of 

rank γ and αk (k = 1,2) are two parameters corresponding, respectively, to monetary and nonmonetary dimensions 

of deprivation. Each parameter αk is estimated so that the mean of the corresponding membership function is equal 

to the at-risk-of-poverty rate computed on the basis of the official poverty line1. (1 − 𝐹𝑗,𝑘) is one minus the 

 
1
In other words, the α parameter re-scales the equation 1 and its estimation is based on a iterative procedure that stops when 

the estimated α parameter makes possible that the expected value of the membership function is equal to the share of people 

with disposable income below a threshold which is set at 60% of the national median equivalised disposable income (namely, 

the at-risk-of-poverty rate).  
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normalized income distribution function and indicates the proportion of individuals less poor than the person 

concerned (as in Cheli and Lemmi, 1995), while (1 − 𝐿𝑗,𝑘) represents one minus the value of the Lorenz curve for 

any individual of rank j and thus the share of the total equivalised income received by all individuals less poor 

than the person concerned (as in Betti and Verma, 1999). 

It is worth noting that the computation of overall score s (namely, X for nonmonetary dimensions of poverty 

in Eq. 1) is the result of a number of steps developed sequentially. They include, first, the selection of meaningful 

and useful nonmonetary indicators for the analysis, which is a non-trivial task and is strictly dependent on the 

available data (see, among others, Guio 2009). Second, these indicators are transformed into the [0, 1] interval. 

Let 𝑐𝑙  (𝑙 = 1 … 𝐶𝑙) be the categories of each indicator l (l=1…L), ordered from the lowest value of deprivation to 

the highest. To convert each indicator l into the [0,1] interval, Betti et al. (2015) proposed the following 

transformation: 

𝑠𝑙,𝑗 =
𝐹(𝑐𝑙,𝑗) − 𝐹(1)

𝐹(𝐶𝑙) − 𝐹(1)
, 𝑙 = 1 … 𝐿, 𝑗 = 1 … 𝑛 

(2) 

where 𝑐𝑙,𝑗 is the category of the l-th indicator, corresponding to the j-th (j=1...n) individual, and 𝐹(𝑐𝑙,𝑗)  is its 

corresponding cumulative function. Third, the underlying dimensions are identified through exploratory and 

confirmatory factor analysis. This means that the different latent dimensions H (h=1…H) of poverty and 

deprivation are computed directly from the data and they are not attributed a priori following any arbitrary rule. 

Then, within each dimension h, the procedure provides a method to compute the right weight to attribute to each 

single item. These weights are computed taking into account both the dispersion of a single score and its correlation 

with the other scores in a given dimension h. 

Then, within each dimension h, the score 𝑠h,𝑗 of any individual j of the sample is calculated by a weighted 

mean of 𝑠𝑙,𝑗 using the methodology of the Second European report on Poverty, Income and Social Exclusion 

(Eurostat, 2002). In other words, each score 𝑠h,𝑗 can be considered a CI specific to dimension h. Finally, the 

parameters α are estimated, and the overall score s is computed as the arithmetic mean of the scores for each 

dimension (see Betti et al. 2015, for further details). Accordingly, the score s represents the final CI provided by 

the IFR methodology. 

3. THE IFR APPROACH IN A CHILDREN’S WELLBEING SETTING 

In recent decades, the measurement of children’s well-being has received growing attention, with a significant 

shift from the mere application of already existing indicators to the definition of measures specific to children. 

One core moment of this process was the release of the United Nations Convention on the Rights of the Children 

(1989), which shifted policy interest to childhood and contributed to a new conceptualization of children’s well-

being. The Convention raised concerns about children’s quality of life, the spectrum of their well-being and their 

behavior and attitudes within their living environment (homes, schools, communities). From that moment, a new 

holistic view of children’s development and well-being began to be widely accepted, giving equal weight to 

children’s civic, political, social, economic, and cultural rights and stressing that these rights are interrelated, 

universal, and indivisible. Therefore, the idea that concepts of children’s well-being must be multidimensional 

began to be shared in the international community (Ben-Arieh, 2008). 

The recognition that multiple factors contribute to children’s well-being highlighted the inadequacy of 

measuring child well-being through an income-consumption lens only. The criticism of using income as a proxy 

for human welfare in the research literature goes back to at least the 1960s, but Amartya Sen’s capability approach 

(Sen, 1999), expanded upon by Martha Nussbaum, provided the foundation for the multidimensional approach 

(Gabel and Zhang, 2017). According to the capabilities approach, the well-being of individuals is the freedom of 

individuals to act in order to develop their capabilities in interconnected domains. According to Dean (2009, p. 

262), “capabilities represent the essential fulcrum between material resources (commodities) and human 

achievements”. 

Several authors (Addabbo et al., 2014; Addabbo and Di Tommaso, 2008; Di Tommaso, 2007; Klasen, 2001; 

Biggeri, 2006, 2007) have proposed that children are subjects of capabilities and that the capability approach can 

be very useful as a framework of thought and as a normative tool in analyzing children’s well-being from a 

multidimensional perspective. In these approaches, children’s capabilities can be assumed to be vague predicates 

that manifest themselves in different shades and degrees. For these reasons, the use of fuzzy methodologies under 

the capability approach for the measurement of children’s well-being has been explored by several authors from a 

theoretical and applied perspective (Chiappero Martinetti, 2006; Potsi et al., 2016). As stated by Chiappero 

Martinetti (2006), fuzzy set theory can be used to depict deprivation and well-being indicators in a gradual rather 

than a dichotomous manner. 
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Potsi et al. (2016) proposed the use of the IFR approach to define a multidimensional measure of children’s 

well-being under the normative framework of the capability approach. In the study by Potsi et al. (2016), each 

capability is thus assumed to be a latent variable that is measured by multiple indicators. Such indicators are 

manifestations of the latent factor; thus, a variation in the capability determines a variation in all functioning 

measures (Figure 3). The indicators selected by Potsi et al. (2016) come from the Italian EU-SILC survey 

(European Union – Statistics on Income and Living Conditions), which in 2009 included a special section on 

children. That section included information relevant to defining their capabilities, such as their playing activities 

and their social interaction opportunities. 

The EU-SILC 2009 indicators – although only potential proxies for capabilities – were selected by Potsi et al. 

(2016) as adequate to reveal aspects of the multidimensional deprivation of children aged 0-14, specifically for the 

construction of Fuzzy Monetary (FM) and Fuzzy Supplementary indicators (FS). Following the steps already 

presented in Section 2 – including exploratory and confirmatory factor analysis – the items selected for the FS 

indicators were classified by Potsi et al. (2016) into seven components that represent a respective latent capability 

(see Figure 3): the ability to play (PLAY), to be well nourished and clothed (NUTRITION & CLOTHING), to 

have an adequate financial budget at the household level (FINANCIAL), to have a social life (AFFILIATION & 

SOCIAL LIFE), to live in adequate housing (SHELTER) and in a good environment (SAFETY) and to be 

physically healthy (BODILY HEALTH). The FM indicator defined from EU-SILC is based on the equivalized 

disposable household income, which provides a reliable indication of the monetary well-being of the household. 

The framework introduced by Potsi et al. (2016) – combining the use of the IFR methodology and the capability 

approach on EU-SILC data – was proven to be relevant to the easy measurement of children’s well-being from a 

multidimensional perspective. 

 

 

Figure 4 IFR multidimensional poverty measures by Italian macro-regions. Source: Potsi et al. (2016). 

The authors presented important disaggregated levels of the fuzzy analysis, comparing children’s well-being 

in Italy using three socioeconomic factors: single-parent household, household educational level, and macro-

regions. 

We recap here some of the main results obtained, disaggregating the analysis by the three main geographical 

areas characterizing the Italian territory: Northern, Central and Southern Italy. These results show the added value 

of using the IFR approach to measure children’s well-being in a multidimensional framework: the degree of 

deprivation is expressed for each capability by a value in the range 0-1. 

The scores observed for the monetary and nonmonetary domains are represented in Figure 4. First, the FM 

indicator allowed Potsi et al. (2016) to overcome the strict dichotomy between poor and nonpoor, preserving the 

richness of data information. Under the fuzzy approach, the degree of monetary poverty was higher for children 
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living in southern regions (0.367) than in northern regions (0.141), whereas an average value (0.186) was observed 

in the center. Thus, a North/South dualism in Italy is primarily based on the financial and economic status for 

households with children. In northern regions, deprivation in the categories of shelter and safety seem to be more 

relevant than FM. Overall, the lowest values are observed in the bodily health domain. The value of the capability 

of play is more than double in the South in comparison with the other two macro-regions: 0.104 versus 0.047 in 

the North and 0.046 in the Center. Overall, the results suggest better performance for ‘‘inside’’ dimensions and 

worse performance for environmental quality and community life. Based on these findings, Potsi et al. (2016) 

suggested the existence of a sort of ‘‘dual duality’’ in Italian children’s quality of life: near the traditional 

North/South divide, a new internal/external life divide was highlighted by using the multidimensional IFR 

approach. 

The results presented here can be expanded in many directions. First, since the EU-SILC survey is available 

for 32 European countries, the framework introduced by Potsi et al. (2016) can be used to compare children’s well-

being among different EU countries. This issue was investigated by Potsi et al. (2017) and D’Agostino et al. (2018). 

In these works, the authors compared the FS and FM measured as presented in Figure 3 across different European 

countries – Portugal, Italy, Ireland, Greece, and Spain – to provide a description of children’s well-being at the 

beginning of the economic crisis (Potsi et al., 2017) and to investigate the gender differences in children’s well-

being (D’Agostino et al., 2018). 

A final important impact of the framework introduced by Potsi et al. (2016) is that it allows us to study the 

evolution of children’s well-being over time, as the children’s ad hoc module of the EU-SILC 2009 survey was 

repeated in 2014 and will also be repeated in future waves of the survey. Using this temporal perspective, 

D’Agostino et al. (2019) investigated the impact of the economic crisis on children's multidimensional wellbeing 

using the IFR approach in four European countries – Italy, Greece, France and the UK – considering 2009 and 

2014 EU-SILC data. 

4. THE IFR APPROACH IN AN AGRO-FOOD SUSTAINABILITY SETTING 

The importance of the concept of sustainable development is widely recognized, particularly in the current era, 

when the environmental problems caused by human activities and the growth of social and economic inequalities 

are demanding serious solutions. Sustainable development is indeed a simple word but is – unfortunately – a very 

complex concept to be measure and summarize. However, there is definitely consensus on its multidimensional 

nature, which is based on three main pillars, namely, the economic, social and environmental dimensions of 

development (Teodorescu, 2015). The 2030 Agenda for Sustainable Development, adopted by all United Nations 

Member States in 2015, provides empirical evidence of the multiple goals (named SDGs) that are collectively an 

urgent call for action by all countries - developed and developing – through a global partnership. For these reasons, 

sustainable development represents an interesting setting for the implementation of the IFR approach. 

In particular, in this paper, we refer to a specific application of this framework proposed by Casini et al. (2019). 

They used the IFR methodology for the construction of a composite multidimensional index for assessing agro-

food sustainability in countries of the Mediterranean area (i.e. Croatia, Cyprus, France, Greece, Italy, Malta, 

Portugal, Slovenia, and Spain, Algeria, Egypt, Israel, Jordan, Lebanon, Morocco, Tunisia, and Turkey). In Table 

1, the selected indicators (which refer to SDGs 2, 6, 12 and 152) used in the analysis are reported. The choice of 

these indicators comes from the Partnership for Research and Innovation in the Mediterranean Area (PRIMA) 

programme, which proposed a shortlist of possible indicators that may be suitable for monitoring progress towards 

the sustainable management of water and agro-food systems in the Mediterranean. 
 

 
2 Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable agriculture; Goal 6. Ensure 

availability and sustainable management of water and sanitation for all; Goal 12. Ensure sustainable consumption and 

production patterns; Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, 

combat desertification, and halt and reverse land degradation and halt biodiversity loss. 
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Figure 3 Indicators affecting Capabilities. Source: D’Agostino et al. (2018). 
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Table 1. Selected Indicators for the Fuzzy Multidimensional Index of agro-food sustainability 

# Indicator Unit Year 

1 Population overweight % 2016 

2 Land use % 2015 

3 GHG emissions (total) per sq. km t CO2e /sq.km 2014 

4 Cereal yield kg/ha 2014 

5 Agriculture value added US$/worker 2016 

6 Fertilizer consumption kg/haarable land 2014 

7 Crop water productivity kg/m3 2010 

8 Annual freshwater withdrawal for agriculture (% of total freshwater withdrawal) 2014 

9 Population using safely managed water services 

(rural) 

% 2015 

10 Population using safely managed sanitation 

services (rural) 

% 2015 

11 Research and Development expenditure % of GDP 2015 

Source: Casini et al. (2019): Name of the indicator, unit of measure of the indicator and reference years of the indicator. 

To weight and aggregate these indicators into a composite Fuzzy Multidimensional Index the authors develop 

a new method based on the IFR approach using an innovative conceptualization. The need for this methodological 

innovation derives from the idea that the indicators for the SDG framework may cover more than only one specific 

goal at the same time. 

Figure 5 summarizes the difference between the IFR approach and the innovative IFR approach (henceforth I-

IFR) used by Casini et al. (2019). In both approaches, the statistical units belong to all the dimensions identified 

according to a certain membership function, but in the innovative fuzzy approach, the indicators belong to all or 

almost all the dimensions with different degrees and no longer exclusively to a single dimension, as in crisp logic. 

The agro-food CI is computed by adapting to this particular setting the step-by-step procedure of the IFR 

methodology presented in Section 2. Indeed, a different normalization was used in order to convert the indicators 

presented in Table l into the [0,1] interval, the procedure does not involve the computation of the α parameter that 

is poverty-specific, and the computation of the weights to be attributed to the single item is based on the factor 

analysis in order to allow that SDGs may belong to more than one dimension with a correlation represented by the 

estimated factor loadings (see also Belhadj, 2013 for a similar approach and for further details see Casini et al., 

2019). 

The CI based on the I-IFR approach allowed the author to present a rank of the 17 Mediterranean countries 

analyzed, where 0 indicates the best performance, that is, the best performance in terms of agro-food sustainability, 

and 1 the worst performance, i.e., the lowest agro-food sustainability (Figure 6). 

The authors then conclude that the agro-food system is generally more sustainable in northern than in southern 

and eastern Mediterranean countries, since the former countries perform better than the latter (except Israel) in 

the overall Innovative Fuzzy Multidimensional Index. 
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Figure 5. IFR vs I-IFR approach (bottom) 

 

Source: Casini et al. (2019) 

Figure 6. Histogram of the countries’ agro-food CI. 

 

Source: Casini et al. (2019) 

5. DISCUSSION AND SOME FINAL REMARKS 

The two applications summarized in the previous sections address critical issues of modern society and stressed 

that the IFR approach can be used to compute a fuzzy measure that preserves the richness of the latent concept 

under study. Obviously, the definition of composite indicators in both settings presented (children’s wellbeing and 
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agro-food sustainability) is not new. For instance, there are at least two relevant studies that produce an agro-food 

composite index in Mediterranean countries, namely, the SDG Index (Sachs et al., 2016, 2017) and the Food 

Sustainability Index that has been developed by the Barilla Center for Food and Nutrition Foundation (BCFN) in 

collaboration with the Economist Intelligence Unit (EIU). Nevertheless, the value of the IFR methodology can be 

summarized taking into account at least three very interesting features. 

First, the latent dimensions of the phenomena under study are not predefined a priori; instead, they are 

identified by factor analysis and then validated by confirmatory analysis (as in the step-by-step procedure described 

in Section 2). Second, the aggregation of single indicators into a dimension is performed by a statistical-based 

weighting system that takes into account measurement errors, redundancies and other characteristics of such 

indicators, following a “prevalence-correlation” (i.e., taking into account both the dispersion of a deprivation 

indicator (prevalence weights) and its correlation with the other deprivation indicators in a given dimension 

(correlation weights)) method well established in the literature on composite indicators, which is not based, for 

example, on the subjectivity of a certain pool of experts. The variant suggested for the computation of the item 

weights in this particular sustainability setting also sounds very interesting and very similar to the approach used 

by Belhadj (2013). Actually, in this framework, as the authors explained, “the dispersion of an indicator is not 

meaningful in this case; nor is the correlation of one indicator with the others of a given dimension, since we 

already consider a sort of “correlation weights”, that is the factor loadings. Moreover, the indicators may not 

only be correlated with the others in a specific dimension, but also with those of other dimensions, according to 

the proposed membership function”. 

Third, the CIs computed by IFR have the advantage of allowing the ranking of countries (specific segment of 

the population or periods) in one number while simultaneously maintaining the multidimensionality of the 

phenomenon under study using the CIs computed in each dimension. Therefore, this method should dampen the 

well-known critique of building composite indices, which implies losing a certain amount of information and 

producing results that are less transparent and in some way reintroduce unidimensionality (De Muro et al., 2011). 

Fourth, other empirical applications of the IFR approach in other settings confirm the flexibility of this 

methodology for summarizing complex issues. For instance, Betti et al. (2011) applied this methodological 

approach when studying educational mismatch, namely, the lack of coherence between the required and possessed 

level of education for a given job. The concept of educational mismatch is indeed a very complex issue in which 

many causes converge and a definition based on a simple univariate measure can be too heavy a simplification of 

the phenomenon. Moreover, the dichotomous definition into two groups of workers can at the same time present 

a very misleading picture of the reality, as different degrees of membership of overeducation may exist that this 

simple indicator cannot take into account. 

However, it is important to stress that the construction of composite indicators always involves stages where 

judgment must be made (i.e., the selection of sub-indicators, choice of model, weighting systems and treatment of 

missing values, etc.). Therefore, the composite indicator based on the IFR approach also suffers from some 

drawbacks, just like any other composite indicator (among others, Mitchell, May, and McDonald, 1995 

emphasized that composite indicator measures without a sound theoretical background are flawed). 

For instance, the major drawback of the study presented in Section 4 is related to the selection of sub-indicators. 

Indeed, the construction of a composite index to assess agro-food sustainability in the Mediterranean area is quite 

complicated since not all necessary data are readily available or updated in all countries, especially those around 

the southeastern seashores. 

Furthermore, another limitation of this study consists of the simple membership function adopted (i.e., choice 

of the model); this is mainly due to the limited number of item indicators and often to the limited number of 

characters in each item. On the other hand, the major drawback of the study presented in Section 3 is related to the 

adult perspective of the single items used to measure children’s well-being. Indeed, the perspectives of children 

can differ from those of adults. 

Thus, we can assume that the composite indicator based on the IFR approach is a useful measurement tool, but 

only if each empirical analysis is constructed according to a transparent process. 
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