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Abstract 

The need for a more sustainable agri-food system is a topic that has attracted growing 
interest in recent years. Several international and European policies such as Agenda 
2030 and the European Green Deal have been defined with the aim of making 
agri-food systems more sustainable at all stages of the supply chain, from produc-
tion to consumption. Particularly, the European Union concentrates several poli-
cies on it. Therefore, the assessment of the level of sustainability among the states 
of the European Union is a key aspect to properly address and evaluate the imple-
mentation of these policies. The objective of this paper is to measure the sustain-
ability of the global agri-food supply chain (AFSC) of the European Union countries 
through the application of a multi-criteria analysis. In particular, the method used 
is the Multiple Reference Point Partially Compensatory Indicator, which allows the crea-
tion of composite indicators using different levels of compensation across them. A set 
of 50 indicators, referred to 2011 and 2019, were built and then divided into the three 
basic dimensions of sustainability (economic, social and environmental), aggregated 
into the four main AFSC sectors (agriculture, food industry, distribution, and consump-
tion) in order to obtain an overall sustainability index. Through such an index we 
provided a sustainability ranking for the EU countries, while the analysis of dimensions 
of each sector contributed to increase the knowledge about the supply chain that can 
be used by decision-makers. According to the results, Italy achieved the best level 
of sustainability of the AFSC with a value of 48.53, followed by Sweden, Austria, Spain, 
France, Germany, the Czech Republic, Portugal and Slovakia. In relation to the different 
sectors, the biggest problems were observed in the consumption sector, where most 
countries did not perform well, especially for the social dimension (e.g. excess of over-
weight and obese persons). In contrast, the performance of the agricultural sector 
was good, with few exceptions, showing a fair state of sustainability.
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Introduction
The call for a more sustainable agri-food supply chain (AFSC) is an issue that has reached 
growing interest in the last decade, especially because of the increased awareness of the 
effects of food production and consumption on the natural environment and of the liv-
ing and working conditions of some of the chain actors (Allaoui et al. 2018). AFSC refers 
to all the activities related to agricultural products handling from the farmers to custom-
ers, and it implicates a complex network of stakeholders, directly or indirectly involved, 
with common objectives (Agnusdei and Coluccia 2022). The various stages comprised 
can be classified as agricultural production and livestock production, food industry, dis-
tribution, and consumption. Each stage, except the consumption, adds a specific value to 
the final product.

Achieving sustainability involves striking a balance between economic growth, envi-
ronmental protection, and social conditions. Therefore, it is needed to set a manage-
ment policy that is framed in the context of sustainable development. The 2030 Agenda 
for Sustainable Development includes several Sustainable Development Goals (SDGs) 
related to the sustainability of agri-food supply chains, such as SDG2 (Zero hunger), 
SDG7 (Affordable and clean energy), and SDG12 (Responsible consumption and pro-
duction). The European Green Deal (EGD), one of the six political priorities of the von 
der Leyen Commission, has its core in the “Farm to Fork” strategy (F2F), aiming at mak-
ing agri-food systems more sustainable in all the phases of the supply chain, from pro-
duction to consumption (European Commission 2020; De Castro et al. 2020; Wesseler 
2021).

Previous studies devoted to the issues of the sustainable AFSC mainly focused on the 
improvement of individual firms or processes rather than the design of the entire sup-
ply chain (Allaoui et al. 2018). Galli et al. (2015) explored dimensions of sustainability 
relevant to investigating the performance of the wheat-to-bread supply chain by assess-
ing Italian case studies. The research identifies critical aspects and provides a qualitative 
assessment of the performance of local and global wheat-to-bread chains. Pancino et al. 
(2019) in their paper focused on the understanding of the process of designing a multi-
stakeholder partnership in the adoption and diffusion of sustainable innovations in food 
value chains, promoted and facilitated by private actors, using the Barilla Sustainable 
Farming initiative as a case study. Considering the sustainability paradigm, the attention 
of literature is devoted largely to the environmental pillar, compared to the economic 
and social ones (Agnusdei and Coluccia 2022; Allaoui et al. 2018). In addition, there is a 
lack of analyses about the ranking of the European Union countries in terms of sustain-
able food supply chains. Due to the absence of such studies, there is a gap in the assess-
ment of similarities or distances between countries regarding the level of sustainability 
in the AFSC, which is a key point in order to correctly address and evaluate the F2F 
application.

To fill this gap and to broaden the knowledge of the current sustainability level 
and trends of AFSC in the EU countries, this study proposes a multicriteria analysis 
(MCDA) application. The main objective of the work, therefore, is to measure for the 
first time the level of sustainability of the AFSC among the different EU countries, by 
means of MCDA. A framework of 50 indicators has been built, divided according to 
the Triple Bottom Line paradigm (Environmental, Economic, and Social dimensions) 
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(Elkington 1998) and considering the four main sectors within AFSC (Agriculture, 
Food industry, Distribution, and Consumption).

MCDA has been widely used for sustainability assessment in several contexts, 
proving its feasibility and flexibility (Bond et  al. 2012; Cinelli et  al. 2014; Diaz-Bal-
teiro et al. 2017; Lombardi Netto et al. 2021). In particular, we propose the develop-
ment of a composite indicator for each sector of the AFSC as well as a global one, 
using the method named Multiple Reference Point Partially Compensatory Indica-
tor (MRP-PCI) (Ruiz and Cabello 2021). The use of such a method allows for includ-
ing reference levels (thresholds, targets, etc.), which is a key point in sustainability 
studies (Ricciolini et al. 2022). MRP-PCI permits the use of reference levels for each 
indicator and produces composite indicators with different compensation degrees, 
along the supply chain. The opportunity of having different levels of compensation 
is a considerable advantage when different levels of analysis require diversified treat-
ment, allowing considering the effect of compensation in terms of sustainability. For 
example, total compensation reflects a weak sustainability concept, in which bad per-
formance of some criteria can be ’covered’ by the very good performance of others. 
In contrast, the absence of compensation allows adherence to a strong sustainability 
idea, in which only cautious solutions are possible. The effects of a non-compensatory 
approach are more evident the earlier it occurs in the path of hierarchical aggrega-
tion on multiple levels. Therefore, the combination of different levels of compensa-
tion, null, total or partial, as in the present work, allows for modulation of the level of 
expression of sustainability.

Given that, the construction of a composite indicator implies several single indicators 
that may be in conflict with each other, it is natural to treat this problem as a multicri-
teria one. Many multicriteria making methods have been used to build composite indi-
cators (see El Gibari et  al. 2019, and references therein). When decision makers wish 
to use reference levels as benchmarks for the single indicators, distance-based methods 
are suitable for this purpose, given that they produce results that can be interpreted, 
as the position of each unit examined with respect to these benchmarks. On the other 
hand, the compensation issue is critical when building composite indicators: to a certain 
extent, poor performance in a given indicator can be compensated by good performance 
in other ones. The Multiple Reference Point Weak–Strong Composite Indicator method-
ology (MRP-WSCI) takes these two issues into account: reference levels are incorporated 
in the process and composite indicators for different compensation degrees can be built. 
A first version of this methodology, using two reference levels (reservation–aspiration), 
was proposed in Ruiz et al. (2011), and afterwards generalized to any number of refer-
ence levels in Ruiz et al. (2020). In El Gibari et al (2021), the advantages of the joint use 
of compensatory and non-compensatory schemes are analysed. This methodology has 
been successfully applied to sustainability assessment problems in several papers, even 
in agri-food sector (Cabello et  al 2014, 2019, 2021; Ricciolini et  al. 2022; Boggia et  al. 
2023). The Multiple Reference Point-based Partially Compensatory Composite Indicator 
(MRP-PCI), described in Ruiz and Cabello (2021), is an adaptation of the MRP-WSCI to 
the use of different compensation degrees for the single indicators considered.

The paper is organized as follows: paragraph 2 outlines the method used, i.e. MRP-PCI, 
while paragraph 3 reports the case study and is divided into several parts (description 
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of the case study, framework of indicators, assumptions made); paragraph 4 reports the 
results and discussion; the main conclusions close the paper.

Method MRP‑PCI (multiple reference point‑based partially compensatory 
composite indicator)
For completeness, the MRP-PCI methodology, as applied in this paper, is summarized 
next.

Let us assume that we wish to build a composite indicator for J countries, making use 
of an initial set of I single indicators. The value of indicator i (i = 1, …, I) for country j 
(j = 1, …, J) will be denoted by xij . In this paper, statistical reference levels will be consid-
ered. Namely, the percentiles 25, 50 and 75 of the values of all European countries will be 
used, apart from the minimum and maximum values. These reference levels for indica-
tor i will be denoted as

Besides, for each indicator i (i = 1, …, I), two more parameters are considered:

• A weight µi ≥ 0 , measuring the relative importance of indicator i in the overall 
assessment;

• A compensation index �i ∈ [0, 1] , measuring to which extent a bad performance in 
indicator i can be compensated by better performances in other indicators, where 0 
means no compensation and all and 1 means total compensation.

Given these elements, the following steps are taken to construct a partially compensa-
tory composite indicator.

Step 1. All the indicators are bought down to a common scale, by means of the so-
called achievement function. In our case, this function takes the following form (for an 
indicator of the-more-the better type):

With these settings, sij takes a value between 0 and 25 if the country performs between 
the minimum value and percentile 25, a value between 25 and 50 if the country per-
forms between percentiles 25 and 50, a value between 50 and 75 if the country performs 
between percentiles 50 and 75, and a value between 75 and 100 if the country performs 
between percentile 75 and the maximum value, for indicator i. Therefore, the achieve-
ment function si of indicator i is a piece-wise linear function (Ruiz and Cabello 2021).

Step 2. For each indicator i, and each country j, we build the so-called fully compen-
sated value. If Iij denotes the subset of indicators whose corresponding achievement 
functions take a value better or equal to indicator i for unit j, we define.
aij =

k∈Iij
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aij is the weighted average of sij and the rest of achievement function values that are at 
least as good as sij.

Step 3. For each indicator i and each country j, we build the so-called partially com-
pensated achievement function:
scij = sij +

(

aij − sij
)

�i.
In the extreme cases, if no compensation is allowed for indicator i ( �i = 0) , then 

scij = sij , and if full compensation is allowed for indicator i ( �i = 1) , then scij = aij.
Step 4. For each country j, the partially compensatory composite indicator takes the 

following value:
PCIj = min

i=1,...,I

{

scij

}

.

As seen, the use of the partially compensatory approach (PCI) allows us to introduce 
different compensation degrees for different indicators or at different stages of the pro-
cess. In general, the composite indicators obtained are less extreme than those obtained 
using a fully compensatory or a non-compensatory scheme and, besides, the range of 
variation of the composite indicator is usually greater, thus allowing better comparisons 
between the different countries (Ruiz and Cabello 2021). The problem is that this adds 
new subjective elements to the model and therefore, a greater cognitive burden for the 
experts. Just like it happens with the weights, other possibilities could of course be con-
sidered. Therefore, the results obtained in this study should be regarded as a proof of 
concept in terms of the application of the methodology suggested, where the subjective 
elements are clearly identified, so that different experts or decision makers could carry 
out the study based on their own preferences.

Usually, the indicators to be aggregated do not form a single group, but a system of 
indicators is designed, with a classification in dimensions, levels, etc. This is the case of 
the present paper, where the indicators are grouped in dimensions, and dimensions are 
grouped in sectors (Fig. 1). Thus, three successive aggregations need to be performed. 
The first aggregation consists in creating a partially compensatory composite indicator 
for each dimension of sustainability. Given that, the MRP-SCI takes values in the same 
scale as the achievement functions, the MRP-SCI values of the dimensions play the role 
of the achievement function in the next aggregation (which here is made for each sector 
of the AFSC). Given weights and compensation indexes for the three dimensions of a 

50 Indicators

 3 dimensions of Sustainable 
Development: 
 - Economic 
 - Social 
 - Environmental

 4 sectors of the Agri-food 
 Supply Chain:
 - Agriculture 
 - Food Industry 
 - Distribution
 - Consumption

Overall Sustainability Index

1st Level

2nd Level

3rd Level

Fig. 1 Aggregation levels
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given level, the procedure described above can be followed to build the MRP-SCI of that 
level, and so on.

Case study
The MRP-PCI method was applied to assess the sustainability of AFSC of 25-member 
states present within the EU, considering two different years, 2011 and 2019. The coun-
tries surveyed are: Austria, Belgium, Bulgaria, Cyprus, Croatia, Denmark, Estonia, Fin-
land, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, 
Malta, the Netherlands, Poland, Portugal, Czech Republic, Romania, Slovakia, Slovenia, 
Spain, and Sweden. Luxembourg and Malta have been excluded because insufficient data 
were available. Therefore, they were removed to avoid stripping too many key indicators 
for the study. On the other hand, we included the United Kingdom due to its strategic 
relevance in the European AFSC. Thus, the analysis involved 26 countries in total.

Indicators

To assess the sustainability of European agri-food supply chains, 50 indicators were 
identified, categorized according to the four sectors that make up the supply chain: 
Agriculture and livestock farming, Food industry, Distribution and Consumption. Each 
indicator was then categorized according to the three dimensions of sustainable devel-
opment (environmental, economic and social) that it allows to be monitored. The source 
of the data is the Eurostat database. The selection of the indicators has been guided by 
some criteria. First of all, the relevance of each indicator to describe one dimension of 
sustainable development within a certain sector was considered. Then, we considered 
the possibility to measure such indicator at the scale and time horizon chosen by this 
study, which is subject to the availability of data, not abundant in comparison with the 
needs.

The indicators chosen can measure both a state or a change, because the topics treated 
in the analysis are very different among each other, representing different trends or phe-
nomena. For this reason, we chose to capture both kinds of dynamics, also because mul-
ticriteria analysis allows treating different kinds of indicators together.

Tables 1, 2, 3 and 4 report indicators for the sector of Agriculture and livestock farm-
ing (Table 1, 19 indicators), Food industry (Table 2, 10 indicators), Distribution (Table 3, 
14 indicators), and Consumption (Table 4, 7 indicators).

Aggregation and weighting

One of the main advantages of the MRP-PCI methodology lies in the possibility to aggre-
gate a plurality of indicators. Combining a set of indicators makes possible to obtain a 
single result (composite indicator) that holds a set of information in a single matrix, easy 
to read and interpret. In this paper, three different aggregations were made (Fig. 2):

(1) The first level of aggregation includes all 50 indicators, grouped into three compos-
ite indicators covering the three dimensions of sustainable development (economic, 
social and environmental) for each of the four sectors of the AFS identified;

(2) The second level joins the three dimensions within each sector;
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(3) The third and last level defines the final overall sustainability index for the coun-
tries, ranging between 0 and 100.

The three aggregations have been repeated for the two reference years (2011 and 
2019) for each EU member, applying the MRP-PCI scheme. For each aggregation step, 
the application of weights, which define the importance of each individual criterion in 
the final composite measure, was performed.

The weight assessment process was executed with a participatory approach, through 
the selection of experts in the field to incorporate both the scientific and the political 
dimension into the evaluation. Eight experts were chosen, based on their field experi-
ence and academic backgrounds, particularly within European Union universities.

Table 1 Indicators of the Agricultural dimension divided into the three dimensions of sustainable 
development with the measurement unit (in bracket)

Agriculture

Economic indicators Social indicators Environmental indicators

1.1.1 Standard economic output of 
Agriculture per hectare (€/ha)

1.2.1 Index of the real income of 
factors in agricultural per annual 
work unit (%)

1.3.1—Organic UAA as a percentage 
of total UAA (%)

1.1.2—Standard economic output 
of Farming per holding (€)

1.2.2—Number of hours worked 
per week in agriculture (average 
hours per week)

1.3.2—Kg of Pesticides sold per 
hectare (kg/ha)

1.1.3—Standard economic output 
of Arable crops per hectare (€/ha)

1.2.3—Number of hectares man-
aged by owners less than 40 years 
old (%)

1.3.3—Nitrogen balance per hectare 
(nitrogen/ha)

1.1.4—Standard economic output 
of horticultural crops per hectare 
(€/ha)

1.2.4—Percentage of holdings with 
owner with full education (%)

1.3.4—Phosphorus balance per 
hectare (phosphorus/ha)

1.1.5 Standard economic output of 
perennial crops per hectare (€/ha)

1.2.5—Number of persons 
employed/number of farms 
(employees/farms)

1.3.5—Tonnes of CO2 produced in 
agriculture per hectare (ton/ha)

1.1.6—Research and development 
funds per hectare (€/ha)

1.3.6—Irrigated UAA over total UAA 
(%)

1.3.7—Energy consumed in agricul-
ture per hectare (KW/ha)

1.3.8—Kg of waste produced by agri-
culture per capita (kg/person)

Table 2 Indicators of the Food industry dimension divided into the three dimensions of sustainable 
development with the measurement unit (in bracket)

Food industry

Economic indicators Social indicators Environmental Indicators

2.1.1—Production value in € per 
food processing company (€)

2.2.1—Social security cost per 
employee per company (€/person)

2.3.1—Energy consumed per com-
pany (€)

2.1.2—Share of labour costs in € 
per employee (%)

2.2.2—Share of persons employed 
(%)

2.3.2 Circular material use rate (%)

2.1.3—Investment rate in food 
processing (%)

2.3.3—Share of renewable energy in 
gross final energy consumption (%)

2.1.4—Profit in € per person 
employed (€)

2.3.4—Kg of waste produced by food 
processing per capita (€/person)
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Table 3 Indicators of the Distribution dimension divided into the three dimensions of sustainable 
development with the measurement unit (in bracket)

Distribution

Economic indictors Social indicators Environmental indicators

3.1.1 Production value in € per 
company (€)

3.2.1—Persons employed per com-
pany (people/companies)

3.3.1—Transport performed over 
distances of less than 500 km (%)

3.1.2—Production value in € per 
wholesale company (€)

3.2.2—Distribution centre density 
(inhabitants/centre)

3.3.2 Grams of CO2 produced per 
TKM (tonne-kilometre)

3.1.3—Production value in € per 
non-food specialized company (€)

3.2.3—Total wages of persons 
employed in distribution companies 
per employee (€)

3.3.3—Kg of waste produced by 
distribution per person (kg/person)

3.1.4—Production value in € per 
food specialized company (€)

3.2.4—Security costs per employee 
per company (€)

3.1.5—Profit in € of the company per 
person employed (€)

3.1.6—Investment rate per company 
(%)

3.1.7—Exported food production/
imported food production (export/
import) (€)

Table 4 Indicators of the Consumption dimension divided into the three dimensions of sustainable 
development with the measurement unit (in bracket)

Consumption

Economic indicators Social indicators Environmental indicators

4.1.1—Food consumption in € per person 4.2.1—Overweight persons 4.3.1—Kg of waste created by 
consumption per person

4.1.2—Consumption of € in restaurants and 
hotels out of total consumption

4.2.2—Obese persons 4.3.2—Number of quality labels

4.1.3—Consumption of € in catering out of total 
consumption

1.1.1 (2) 1.1.2 (2) 1.1.3 (1) 1.1.4 (1) 1.1.5 (1) 1.1.6 (3) ECONOMIC (2)

1.2.1 (2) 1.2.2 (1) 1.2.3 (3) 1.2.4 (3) 1.2.5 (2) SOCIAL (2) Agriculture (3)

1.3.1 (3) 1.3.2 (3) 1.3.3 (3) 1.3.4 (1) 1.3.5 (3) 1.3.6 (1) 1.3.7 (2) ENVIRONMENTAL (3)
1.3.8 (2)

2.1.1 (2) 2.1.2 (2) 2.1.3 (3) 2.1.4 (1) ECONOMIC (2)
Processing

2.2.1 (3) 2.2.2 (2) SOCIAL (2)  industry (2)

2.3.1 (3) 2.3.2 (3) 2.3.3 (3) 2.3.4 (2) ENVIRONMENTAL (3)

3.1.1 (2) 3.1.2 (1)  3.1.3 (1) 3.1.4 (1)  3.1.5 (1) 3.1.6 (3) 3.1.7 (3) ECONOMIC (2)

3.2.1 (2) 3.2.2 (1) 3.2.3 (2)  3.2.4 (3) SOCIAL (2) Distribution (2)

3.3.1 (1) 3.3.2 (3) 3.3.3 (2) ENVIRONMENTAL (3)

4.1.1 (3)  4.1.2 (1) 4.1.3 (1) ECONOMIC (2)

4.2.1 (2) 4.2.2 (3) SOCIAL (2) Consumption (2)

4.3.1 (3) 4.3.2 (3) ENVIRONMENTAL (3)

Overall 
Sustainability 

Index

Fig. 2 Aggregation and weighting scheme of composite (the weights are reported in brackets)
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Through online focus groups, the experts were asked to assess the importance of 
each indicator within each sub-dimension and of each sub-dimension within each 
dimension. They assigned a value on a weight scale ranging from 1 to 3, where a value 
of one corresponded to a significant assessment, two to a highly important assess-
ment, and three to a critically important assessment (Table 5).

The final consensus weights were therefore obtained after the focus group discus-
sions (assignment reported in Fig. 2).

Compensation index

The possibility of providing a different compensation index �i for each indicator is one 
of the many advantages of the MRP-PCI method, allowing the most realistic possible 
behaviour of a Decision Maker to be simulated. �i is a coefficient, to be set between 0 
and 1, indicating to what extent a poor performance of an indicator i can be compen-
sated by better values of other indicators. However, it must also be noted that there is 
a strong relationship between the weights and the compensation indices; in fact, the 
greater the weight of an indicator, the more relevant it is and therefore the lower the 
compensation it is.

In this paper, three different compensation indices (Fig. 3) were assigned for each of 
the aggregation steps:

• �i = 1, full compensation between indicators (a bad value of indicator i can be fully 
compensated by better values achieved by other indicators)

• �i = 0, no compensation among dimensions (a bad value of indicator i cannot be 
compensated by better values achieved by other indicators)

• �i = 0.5, medium compensation between sectors (a bad value of indicator i can be 
partially compensated by better values achieved by other indicators).

Table 5 Weight allocation scale

Value Rating

Important 1

Very Important 2

Critically Important 3

Fig. 3 Compensation Index
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Between indicators of the same dimension, total compensation ( �i = 1) was allowed, 
assuming that indicators with negative values can be compensated by those that perform 
better if they belong to the same dimension.

The basic idea is to allow for full compensation between indicators of the same dimen-
sion, since by dealing with related topics there is no risk of neglecting a fundamen-
tally important aspect, as might be expected if full compensation occurs, for instances, 
between the different dimensions of sustainability.

Thus, since the compensation happens within dimensions, this does not affect the sus-
tainability, allowing nevertheless to follow a strong approach. Going forward with the 
aggregations, it is assumed that the decision maker will implement less compensation 
between the composite indicators obtained, following the strong sustainability theory; 
this presupposes that ’human capital’ and ’natural capital’ are complementary, but not 
interchangeable. Therefore, among the three dimensions of sustainable development, 
�i = 0 (no compensation) was used. The result obtained reflects the worst value achieved 
in one of the three dimensions of sustainability, with the environmental one having a 
higher weight than the other two. This choice was made because strong sustainability 
argues that certain functions performed by the environment cannot be duplicated by 
human capital and emphasizes the ecological scale over economic gains.

Finally, for the last aggregation, among the sectors of the agri-food supply chain, par-
tial compensation ( �i = 0.5) was used, assuming that a bad value of one sector can be 
partially (half ) compensated by better values achieved in the other sectors, considering 
the greater weight assigned to the agriculture sector.

Results and discussion
In this section, we present the Overall Sustainability Index (OSI), which represents the 
global degree of sustainability of the AFSC in each country. Then, we will analyse the 
four sectors of the AFSC (Agriculture, Food industry, Distribution, and Consumption) 
and how each dimension of sustainability affected the final performance.

The Overall Sustainability Index (OSI) presents a narrow range of values (Fig. 4). This 
narrow range is mainly due to the second aggregation step, where no compensation is 
allowed among the three dimensions (Economic, Environmental, and Social) to respect 
the principle of Strong Sustainability. Therefore, the resulting value is the worst achieved 
by each dimension. Moreover, the partial compensation (λi = 0.5) between the four sec-
tors contributes again to narrow the range. As Fig. 4 shows, the indices related to the 
four sectors have a wider range of values, although with some differences across them. In 
particular, Food Industry reveals the narrowest range and Consumption the widest one, 
indicating a different variability between the countries, smaller for Food Industry than 
for Consumption. This could be probably due to the fact that Food industry, and all the 
productive sectors, share common rules and compete in the same market, while Con-
sumption is strictly linked to people behaviours.

OSI: Overall sustainability index

As shown in Table  6, the mean and median values are very close for all the indices, 
especially for Distribution and Food Industry, thus indicating that the different sectors 
are not significantly different. In addition, for both Consumption and OSI, a greater 
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variation can be seen, and the mean value is lower than the median value, indicating 
negative skewness.

The correlation between the composite indices of the 26 EU countries in relation to 
the four sectors that make up the OSI was also analysed, but no correlation can be con-
sidered significant or relevant.

Since the reference levels used are statistical, minimum, percentiles 25, 50, 75 and 
maximum, a good value indicates that a particular country performs better than the oth-
ers, while a bad value indicates that it performs worse than the others. Thus, a high value 
is not necessarily a good result in absolute terms, and a low value can also be a good 
value in absolute terms. In comparative terms, the best-performing countries are those 
belonging to the very high class, represented by a value above 75 up to a maximum of 
100, while the worst-performing countries are those belonging to the very low class, rep-
resented by a value of the composite indicator between 0 and 25.

Considering the OSI value, it can be seen that no country has an overall value above 
50 (Fig. 5). From a strong sustainability perspective, therefore, all countries are far from 
the very high class and need to improve at least their performance in one dimension. 
The different levels of compensation in different levels of aggregation certainly plays a 
role in this result. In fact, the second level of aggregation does not allow for any compen-
sation, immediately showing situations of lower sustainability in one of the dimensions 
considered.

To analyse the results, we identified three groups, dividing the countries in the range 
between 25 and 50 in two subgroups, given the large number of countries present, using 

Fig. 4 Range of values and median of dimension indices

Table 6 Delta between Median and Average value of the dimensions

OSI Agriculture Food Industry Distribution Consumption

AVERAGE 29.66 40.74 39.25 38.38 30.41

MEDIAN 32.25 37.28 38.80 38.31 33.33

Delta -2.59 3.46 0.45 0.07 -2.92
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35 as threshold, while keeping the other countries in the very low class together (val-
ues < 25). So, it was possible to identify: Group 1 contains the best-performing countries 
(values above 35), Group 2 comprises the countries with values between 25 and 35, and 
Group 3 contains the worst-performing countries (below 25).

Group 1: best‑performing countries

The countries belonging to this first group (Fig. 5) show values above the median value 
for the OSI and in most cases also for the four sectors. Only for Distribution, four coun-
tries are below the median value (France, Spain, Germany, and Slovakia).

Italy leads the first group, achieving the best level of sustainability of the AFSC with 
a value of 48.53. It is followed by Sweden, Austria, Spain, France, Germany, the Czech 
Republic, Portugal and Slovakia (Fig.  5). Italy has good performance for all sectors, 
achieving the best one for Consumption.

In the Food Industry and Distribution sectors, the highest value for this group is 
achieved by Austria, and in the Agriculture sector by Sweden (Fig.  6). With reference 
to the Austrian situation, Hambrusch and Quendler (2009) highlighted that important 
developments and trends occurred during the years in the Austrian fruit and vegetable 
retail sector; among other factors, societal developments influenced and increased the 
demand for fruit and vegetables during the last years, and regional organic producers 
gained increasing importance. Portugal, on the other hand, has the worst value in Agri-
culture due to negative results in the economic dimension (Fig. 7a) and also in the Food 
Industry sector, given the low values in the social dimension (Fig.  7b). In contrast to 
Austria and Sweden, that experience problems in the environmental dimension of Con-
sumption (Fig. 7d), Portugal has a high value in this sector; in relation to Consumption, 
it achieves good results in all the three dimensions of sustainability (Fig. 7d).

France manages to have the best value of all countries for Consumption, but at the 
same time has the worst result for Distribution. This negative value is due to the low 
value of the environmental dimension, as no compensation is allowed in the aggrega-
tion between the dimensions of sustainability; therefore, even if the economic and social 
dimensions perform well, the country still scores negatively in this sector (Fig. 7c). In 

Fig. 5 Overall Sustainability Index: countries distribution (reference year 2019). Red and yellows lines identify 
the division in three groups
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Fig. 6 Four AFSC sectors (Group 1)

Fig. 7 Sustainability Dimensions in each Sector- Group 1
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particular, France shows a low performance for Indicator 3.3.2 (Fig. 8), which refers to 
the grams of  CO2 that are produced with respect to the kilometres transported. In this 
context, the work of Hawkins and Dente (2010) found that the total emissions associated 
with French household consumption were estimated to be 627Mt  CO2eq, or 11t  CO2eq 
per capita. Of these, 3% were associated with the transportation of goods within France 
and 10% with transport of goods outside or into France. Road transport contributed the 
highest share to the transport of all goods (with the exceptions of coal and coke and 
petroleum).

Thus, generally speaking, in Group 1, a good performance for Distribution is associ-
ated with a bad one for Consumption and vice versa: this is particularly true for France, 
Spain, and Austria. The Czech Republic does not show good values in general but per-
forms well in Agriculture (Fig. 6). Slovakia presents the worst values in the Consump-
tion sector, particularly in the economic and social dimensions (Fig. 7d). In the report by 
Galli et al. (2018), it is emphasized that regulations aimed at reducing the environmental 
impacts of food production were not closely linked to how food was consumed. Addi-
tionally, the Common Agricultural Policy granted subsidies to "green" production pro-
cesses, but the majority of these subsidies primarily concerned production actors. This 
underscores the importance of sustainability policies addressing issues related to con-
sumption as well as production models. Our results seemed to partially support these 
outcomes.

Group 2: second‑best countries

The second group is the largest, including Finland, Denmark, the United Kingdom, Ire-
land, Estonia, Belgium, Greece, Slovenia, Cyprus, the Netherlands, and Hungary (Fig. 5). 
In this second group, every country has at least one sector performing under the median 
level, even severely, although the others have good performance.

Looking at the performance of the singular sectors, Denmark confirms the trend of 
group 1, having the best performance in the group for Distribution and the worst for 
Consumption (Fig. 9), which is also the third worst value among all the countries. Such 
a bad result is due to the low value of the environmental dimension (Fig. 10d). Specif-
ically, it can be noted how poor the results are for Indicator 4.3.2 (number of quality 
labels) and for Indicator 4.3.1 (kg of waste created by consumption per person) (Fig. 11). 
Indeed, the generation of municipal waste per capita in Denmark increased from 740 kg 
per capita in 2006, reaching its peak in 2011 at 862 kg per capita. The trend plateaued 
after 2011, and from 2012 to 2019, waste generation remained at the same level, fluctu-
ating between 810 and 840 kg per capita per year, before slightly decreasing in 2020 to 
814 kg. These values are among the highest in Europe, compared to the 2020 per capita 
European average of 517 kg (European Environment Agency 2023).

Distribu�on Economic 63.75
29.69 Social 76.15

42.92 Environmental 29.69 3.3.1 3.3.2 3.3.3
50 13.71 43.51

PCI FRANCE
2019

Fig. 8 France PCI graph of distribution 2019
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Fig. 9 Four components of the overall PCI of Group 2

Fig. 10 Sustainability Dimensions in each Sector- Group 2
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A particular trend for Consumption is that the four nations that have their best perfor-
mance in the environmental dimension also have the worst values in the social dimen-
sion. Similarly, all of the nations that have as their best the social dimension also have as 
their worst the environmental dimension. Moreover, the majority of the countries have 
the Environmental (5 out of 11) or Social (4 out of 11) dimension as the worst dimension.

Ireland also has a very low value in the Consumption dimension as well as in Food 
Industry, while it has a good level of sustainability in the Distribution one (Fig. 10b–d). In 
particular, it has problems in the environmental dimension of Food Industry (Fig. 10b), 
due to poor performance in the rate of recycled material used (Indicator 2.3.2) and Kg 
of waste produced by food industries (Indicator 2.3.4) (Fig. 12). In the consumption sec-
tor, on the other hand, the negative value concerns the social dimension (Fig. 10d) due 
to the very high rate of obese people (Indicator 4.2.2) (Fig. 12). Indeed, from the results 
of the study conducted by Pineda et al. (2018), in which they projected the prevalence of 
obesity in European regions to assess the feasibility of achieving the WHO’s goal to halt 
the increase in obesity to 2010 levels by 2025, it emerges that Ireland will have the high-
est prevalence among all the countries, with 43% of the population projected to be obese 
by 2025.

For Ireland it is worth to note how the score of Consumption does not coincide with 
the value of its worst dimension, which is the social one, as it happens for Industry, 
which has the environmental dimension as its worst. This occurs because the environ-
mental dimension has the greatest weight among the three and thus in the case of Con-
sumption influences the sector value by raising it slightly, while in Industry it prevails 
over the other two.

The Consumption sector has bad performance also for Hungary due to the low perfor-
mance of Indicators 4.2.1 and 4.2.2 (overweight and obese persons) in the social dimen-
sion (Fig. 10d). Belgium, on the other hand, performs the best in Consumption and the 
worst in Agriculture. To note how this sector has very good economic sustainability, 

3.1.1 3.1.2 3.1.3 3.1.4 3.1.5 3.1.6 3.1.7
Economic 57.59 52.56 81.96 81.41 78.21 83.75 0.00 86.89

Distribu�on Social 69.94
63.39 Environmental 64.52 3.3.1 3.3.2 3.3.3

83.33 75 39.39
PCI DENMARK 

2019
29.75 Consump�on Economic 69.11 4.2.1 4.2.2

12.07 Social 71.49 79.83 65.93
Environmental 12.07

4.3.1 4.3.2
0 24.14

Fig. 11 Denmark PCI graph of distribution and Consumption 2019

Economic 50.31
Industry Social 60.78

18.92 Environmental 18.92 2.3.1 2.3.2 2.3.3 2.3.4
PCI IRELAND 2019 35.46 2.56 25.25 9.16

29.66
Consumpon Economic 70.28

24.05 Social 23.58 4.2.1 4.2.2
Environmental 50.64 58.94 0

Fig. 12 Ireland PCI graph of Industry and Consumption 2019
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while the social one is poor (Fig. 10a). For the Social dimension, 4 out of 5 indicators 
are insufficient, reaching the worst performance for Indicator 1.2.2 (number of hours 
worked per week in agriculture) (Fig. 13). Some of these outcomes are confirmed by the 
literature: for instance, Pereira Andrade et al. (2022) found that agriculture sector can 
be considered a very low risk activity in Belgium, but it is also considered a very low-
paid sector. The same is for the environmental dimension of agriculture (Fig. 10a), which 
shows warning signs for energy consumption per hectare (Indicator 1.3.7) (Fig. 13). As 
noted by Rokicki et al. (2021) in the period 2005–2018, the agricultural sector in Bel-
gium has a consumption comparable to the France, having a smaller agricultural surface. 
One of the causes can be the high presence of greenhouse production, such as the straw-
berries (Mousavi et al. 2023).

The best country in the group for Consumption is Greece, which has good levels of 
sustainability in all the three dimensions (Fig.  10d). However, it shows bad results for 
Food Industry and Distribution, in both cases due to the social and economic dimen-
sions, while the environmental one has good values (Fig. 10).

Estonia has the best value for Food Industry in the group thanks to very good values in 
all three dimensions (Fig. 10b). In the Agriculture sector, however, it has low economic 
sustainability (Fig. 10a), mainly because of agricultural economic production (Indicator 
1.1.1, 1.1.3, 1.1.4, 1.1.5), and limited funds for research and development in this sector 
(Indicator 1.1.6) (Fig.  14). Estonia can be considered in as one of the EU countries in 
which the agricultural gross value added has increased less in comparison with the other 
member states, or even decrease between 2000–2016 (Zsarnóczai and Zéman 2019).

Tail lights countries

Group 3 is the smallest one: we find Lithuania, Poland, Latvia, and Croatia, having val-
ues ranging from 20 and 25, and Bulgaria and Romania, with values below 20, present-
ing the worst overall performances (Fig. 5). In particular, Bulgaria has very low values in 

Economic 87.58

1.2.1 1.2.2 1.2.3 1.2.4 1.2.5
AGRICULTURE BELGIUM 2019 Social 21.63 5.41 0.00 13.88 46.19 23.44

22.75

Environmental 32.54 1.3.1 1.3.2 1.3.3 1.3.4 1.3.5
39.50 16.22 11.02 25.50 9.57

1.3.6 1.3.7 1.3.8
72.86 0.00 53.01

Fig. 13 Belgium PCI graph of agriculture 2019

1.1.1 1.1.2 1.1.3 1.1.4 1.1.5 1.1.6
Economic 21.49 7.18 51.54 3.20 8.05 12.60 24.53

Social 38.78

22.66
Environmental 70.08

AGRICULTURE 
ESTONIA 2019

Fig. 14 Estonia PCI graph of agriculture 2019
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all the four sectors, while Romania only performs better in the Distribution dimension 
(Fig. 15). In general, all the countries in the group perform under the median values in 
all the sectors, with very few exceptions, like Poland for Agriculture and Food Industry, 
and Latvia for Food Industry and Distribution. The good results of the Polish Agricul-
ture sector are mainly linked to the social sub-dimension. However, these good results 
are not evenly distributed across the country: as pointed out by Sroka et al. (2019) socio-
economic changes, especially generational turnover, have been significantly sustained in 
the peri-urban areas of major centres (metropolises), where both exogenous and endog-
enous factors have led to profound changes. The authors, in particular, emphasize the 
role played in these areas by the high level of education of entrepreneurs. On the other 
hand, Poland has low values in the Distribution due to the bad value of the environmen-
tal dimension (Fig. 16).

In particular, the Polish Distribution has problems in reducing the transport of raw 
products to processing and manufacturing companies to distribution centres, carried 
out over distances of less than 500 km, which indicates the threshold of lower product 
perishability (Indicator 3.3.1); moreover, there was an increase in the  CO2 grams pro-
duced in relation to the kilometres that the distribution sector covers (Indicator 3.3.2) 
(Fig.  17). The greatest contributors to the GHG emissions in the transport sector in 
Poland are by far road vehicles with combustion engines (Bebkiewicz et  al. 2020). In 
2017, they accounted for 96.52% of GHG emissions in this sector, which correspond to 
14.78% of the total GHG emissions in the country (Poland’s National Inventory Report 
2019).

The Agriculture sector of Romania, Bulgaria, Latvia, and Lithuania has very low val-
ues (Fig. 15), and, as shown in Fig. 16a, problems mainly concern the economic dimen-
sion. For some of those countries, the accumulated lag is such that an alignment with 
the performance of Western member states cannot be expected even in the long run. 
For instance, in their study Feher et  al. (2022) analysed the historical evolution of the 
Romanian agriculture sector, finding that Romania cannot reach the average level of the 
EU until 2040.

Fig. 15 Four components of the overall PCI of Group 3



Page 19 of 26Ricciolini et al. Agricultural and Food Economics           (2024) 12:11  

In the Food Industry sector, only Romania and Bulgaria have very low values 
(Fig. 15), finding the greatest issues in the social sub-dimension (Fig. 16b).

In the consumption sphere, on the other hand, all states have poor results (Fig. 15). 
As shown in Fig. 16c, the values of the environmental dimension are good for all the 
countries, while some problems can be attributed to the social dimension for Croatia 
and Latvia and to the economic one for Lithuania, Romania, Bulgaria, and also for 
Latvia.

Fig. 16 Sustainability Dimensions in each Sector- Group 3

Distribu�on Economic 53.65
13.64 Social 29.73

21.3721692 Environmental 13.64 3.3.1 3.3.2 3.3.3
20 0.00 30.84

PCI POLAND
2019

Fig. 17 Poland PCI graph of distribution 2019
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Trends over the years

Comparing the results of 2019 with those of 2011 (Fig. 18), it is possible to analyse how 
the performance of the states changed between the 2 years with respect to the overall 
ranking. In fact, the reference levels and respective values were calculated for the 2 years 
separately. Therefore, it is not effectively possible to measure the improvement or wors-
ening of each individual country from an absolute level, but it is possible to analyse the 
differences within the EU context. That is, we assess the evolution of the performance 
of each country, as compared to the evolution of the performances of all the countries 
considered.

In particular, a relative worsening in the performance of five countries (Denmark, 
Estonia, Austria, Finland and Sweden) can be observed, while the major improvements 
are registered for Czechia, Spain, France, Cyprus and Slovakia.

The remaining countries made some slight improvements in the relative sustainabil-
ity performance of their AFSC or remained stable over the years. However, unchanged 
results cannot be considered a good outcome: Bulgaria and Romania remained at the 
bottom of the ranking in the two reference years, thus showing a persistent bad situation 
as compared to the general European context. Moreover, comparing only 2 years does 
not allow us to assess the speed of change when present. In particular, we cannot tell 
whether the improvement proceeds at a pace that accelerates or decelerates over time.

Finland in 2011 achieved an OSI value of 39.89, while in 2019 it was 32.48; with a 
decrease between the 2 years of 18.6%, it represents the greatest deterioration. Con-
sidering the singular sector, only Agriculture has improved in 2019 compared to 
2011, while all the other sectors have significantly deteriorated (Table 7). The greatest 
decrease is observed in the Consumption sector, particularly in the social and envi-
ronmental dimensions. The number of overweight and obese persons (Indicator 4.2.1, 
4.2.2) increased significantly, as well as the kg of waste produced per person (Indica-
tor 4.3.1), while the number of quality labels decreased (Indicator 4.3.2). Other alarm-
ing signals can be found in the distribution sector. In the economic dimension, there 
was a reduction in the food products exported compared to that imported from the 
country (Indicator 3.1.7), and also the investment rate of companies greatly reduced 

Fig. 18 Overall Sustainability Index: trend between 2011 and 2019
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(Indicator 3.1.6). Regarding the social dimension, there was a decrease in the num-
ber of average employees per company (Indicator 3.2.1), as well as a reduction in the 
transport of raw products to processing and manufacturing companies to distribution 

Table 7 Finland OSI and its components 2011 and 2019

2011 2019 Delta %

PCI FINLAND 39.89 32.49 − 7.41 − 18.6

Distribution 48.56 47.78 − 0.78 − 1.6

Economic 47.84 46.68 − 1.17 − 2.4

3.1.1 Production value in € per company 85.81 100 14.19 16.5

3.1.2 Production value in € per wholesale company 71.29 64.4 − 6.89 − 9.7

3.1.3 Production value in € per non-food specialized company 74.99 84.7 9.67 12.9

3.1.4 Production value in € per food specialist company 90.89 100 9.11 10.0

3.1.5 Profit in € of the company per person employed 80.41 77.3 − 3.12 − 3.9

3.1.6 Investment rate per company 20.75 11.3 − 9.50 − 45.8

3.1.7 Exported food production/imported food production 7.56 0 − 7.56 − 100.0

Social 63.55 55.40 − 8.15 − 12.8

3.2.1 Persons employed per company 50.41 24.14 − 26.27 − 52.1

3.2.2 Number of inhabitants per distribution centre 6.64 10.98 4.35 65.5

3.2.3 Total wages of persons employed in distribution companies per 
employee

82.24 76.29 − 5.95 − 7.2

3.2.4 Security costs per employee per company 78.84 77.13 − 1.71 − 2.2

Environmental 52.42 49.90 − 2.52 − 4.8

3.3.1 Transport performed over distances of less than 500 km 76.34 50.00 − 26.34 − 34.5

3.3.2 Grams of CO2 produced per TKM (tonne-kilometre) 38.89 67.86 28.97 74.5

3.3.3 kg of waste produced by distribution per person 60.77 22.93 − 37.84 − 62.3

Consumption 39.61 23.76 − 15.84 − 40.0

Economic 67.19 71.99 4.80 7.1

4.1.1 Food consumption in € per person 86.03 94.14 8.11 9.4

4.1.2 Consumption € in restaurants and hotels out of total consumption 27.27 26.85 − 0.42 − 1.5

4.1.3 Consumption € in catering out of total consumption 50.61 50.68 0.08 0.1

Social 34.41 23.14 − 11.27 − 32.7

4.2.1 Overweight persons 40.63 22.14 − 18.49 − 45.5

4.2.2 Obese persons 30.26 23.81 − 6.45 − 21.3

Environmental 61.80 47.79 − 14.02 − 22.7

4.3.1 kg of waste created by consumption per person 78.30 67.01 − 11.29 − 14.4

4.3.2 Number of quality labels 45.31 28.57 − − 16.74 − 36.9

Industry 53.22 42.45 − 10.76 − 20.2

Economic 53.99 53.37 − 0.63 − 1.2

2.1.1 Production value in € per food processing company 76.27 75.98 − 0.29 − 0.4

2.1.2 Share of labour costs in € per employee 65.00 75.32 10.32 15.9

2.1.3 Investment rate in food processors 25.00 17.74 − 7.26 − 29.0

2.1.4 Profit in € per person employed 74.41 71.10 − 3.31 − 4.4

Social 68.13 74.36 6.23 9.1

2.2.1 Safety costs per number of persons employed per company 76.15 75.63 − 0.52 − 0.7

2.2.2 Share of persons employed 56.12 72.47 16.35 29.1

Environmental 53.22 42.45 − 10.76 − 20.2

2.3.1 Energy consumed per company 24.12 21.04 − 3.09 − 12.8

2.3.2 Circular material use rate 79.93 42.44 − 37.49 − 46.9

2.3.3 Change in renewable energy used 79.01 80.61 1.60 2.0

2.3.4 kg of waste produced by food processors per capita 18.10 17.36 − 0.73 − 4.0
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centres, carried out over distances of less than 500 km (Indicator 3.3.1), in the envi-
ronmental dimension. In addition, the level of circularity in the sector declined over 
the 2-year period, with an increase in waste generation per capita (Indicator 3.3.3) 
and a sharp deterioration in the use of recycled material within industrial production 
processes (Indicator 2.3.2).

Looking at the performance of individual sectors and considering the nations that 
have worsened (Denmark, Estonia, Finland, Austria and Sweden), we can see that 
Consumption values have always decreased (Fig. 19). In addition, Denmark’s deterio-
ration was also related to distribution; for Estonia the worsening was caused by Agri-
culture, as well as for Austria in addition to Food industry, which also worsened for 
Sweden.

The current work presents some limitations. The assessment conducted is relative 
within the context of the European Union, as the reference levels used were derived 
from the range of values of the country, using a statistical approach. A good value, 
therefore, indicates that a particular country performs better than others, while a bad 
value indicates that it performs worse than others. Thus, a high value can be negative, 
and a low value can be positive in absolute terms. This issue could be overcome in the 
future analysis by using absolute levels defined by experts or, for example, by using 
targets derived from policies.

Since the evaluation is relative, it is challenging to highlight the progress made by 
some countries on specific issues in an absolute sense. However, it has been possible 
to analyse them comparatively among EU countries.

Moreover, in this kind of analysis, we chose a set of indicators that do not consider 
interdependencies among the different countries (e.g. the issue of intra-EU and inter-
national trade). However, international trade, in particular within the EU borders, is 
an interesting aspect to be analysed and it could be examined in further works.

Fig. 19 Comparison of dimensions values between 2011 and 2019
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Conclusions
For the next years, the European Union will face numerous strategic challenges to 
improve its sustainability to achieve both external objectives, such as the Agenda 
2030 Sustainable Goals, and internal ones, connected mainly to the Green New Deal. 
Among the different strategies included in the Green New Deal, a crucial role is cov-
ered by the “Farm to Fork” strategy. However, to understand how to achieve a more 
sustainable agri-food system, it is important to understand at what point, in terms of 
sustainability, the system is, to try to correctly address the F2F application.

Our paper presented an innovative approach to make a relative evaluation in terms 
of sustainability of the EU countries, along the supply chain, using multicriteria anal-
ysis, in particular a composite index named Overall Sustainability Index (OSI). The 
innovative characteristics of Multiple Reference Point Partially Compensatory Indica-
tor methodology (MRP-PCI) lay in the fact that reference levels are incorporated into 
the evaluation process and the final score obtained is not only a number, but also an 
informative measure of the problem assessed. Furthermore, composite indicators for 
different compensation degrees can be built. This is a great strength of the methodol-
ogy, as it accounts for the possibility that a decision-maker considers different com-
pensation degrees at each level, depending on the specific policy context.

According to the OSI, we identified three different groups of countries with very dif-
ferent levels of sustainability in the four sectors identified: Agriculture, Food Industry, 
Distribution, and Consumption. In the first group identified, all the countries had a 
good performance, over the median level, while in the second one every nation had at 
least one sector performing under the median. Generally speaking, good performance 
in one sector does not guarantee for the performance of the others; the same thing 
is noticeable for the dimensions, where it was possible to observe opposite results 
between environmental and social or between environmental and economic dimen-
sions. Looking at the countries, Italy was in the first group, achieving the best level 
of sustainability of the AFSC with a value of 48.53, and followed by Sweden, Aus-
tria, Spain, France, Germany, the Czech Republic, Portugal, and Slovakia. The sec-
ond group was the largest, including Finland, Denmark, the United Kingdom, Ireland, 
Estonia, Belgium, Greece, Slovenia, Cyprus, the Netherlands, and Hungary. Lithua-
nia, Poland, Latvia, Croatia, Bulgaria, and Romania were in the third and worst group. 
Moreover, we analysed the trend between 2011 and 2019, to understand if previous 
policies have positively hit on the countries’ performance.

Considering the direction established by F2F and the results we obtained, we can 
get some precious indications. Consumption is a sector where there is more need for 
action. The results indicate that most countries fall below the median values, which 
means that there is a big group of countries poorly performing in such a sector. Con-
sumption is also the sector where the values range the most, which means a great var-
iability between the different EU Members. Furthermore, looking at the overall trend 
between 2011 and 2019, we see that the countries that have worsened their perfor-
mance the most have also reported a reduction in sustainability for the Consumption 
sector. Therefore, it is required an intense policy effort to counteract such a trend, 
reaching proper goals for Consumption, so as to halve food waste or to incentivize a 
healthy lifestyle.
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Great attention is given to the Agriculture sector in the F2F, and in particular to the 
reduction of its environmental impact. In relation to the conditions we applied and the 
weights given by the experts, our results showed an almost sustainable Agriculture sector, 
although with some exceptions. However, we did not use absolute thresholds, as the quan-
titative objectives proposed by the strategy. Therefore, we caught the relative trend and we 
cannot affirm if in absolute terms the agriculture sector is on the right way to achieving the 
quantitative objectives of F2F or of the 2030 Agenda.

Due to the cohesion approach, a relative evaluation like the present one allows us to high-
light in which countries there is more need for policy action. This work identified a group 
of EU countries in which a stronger action is requested, highlighting the sector in which it 
is more urgent. Such an approach should encourage considering the structural differences 
between the different EU countries, analysing which of them main affect also the results in 
terms of Agri-food sector. For future studies, it would be interesting to adopt absolute refer-
ence levels to assess the sustainability level of EU countries not only in a comparative con-
text but also in absolute terms. Anyway, the authors’ experience in this field indicates that it 
is usually hard for the experts to establish such absolute levels in general, and there is always 
some underlying comparison.

Additionally, it might be of interest to further divide the individual dimensions into sub-
dimensions to group indicators based on more specific themes. This would allow for a com-
prehensive compensation among indicators addressing the same specific theme.

Abbreviations
AFSC  Agri-food supply chain
SDGs  Sustainable Development Goals
EGD  European Green Deal
F2F  Farm to Fork
MCDA  Multiple criteria decision analysis
MRP-PCI  Multiple reference point partially composite indicators
MRP-WSCI  Multiple reference point weak–strong composite indicators
OSI  Overall sustainability index

Acknowledgements
Not applicable.

Author contributions
R contributed to conceptualization, data curation, and writing—original draft preparation. R contributed to conceptual-
ization, data curation, writing—original draft preparation, and reviewing and editing. P contributed to writing—original 
draft preparation, and reviewing and editing. G contributed to  data curation. O contributed to data curation. R contrib-
uted to methodology implementation, writing—original draft preparation, and reviewing and editing. B contributed to 
conceptualization, supervision, and reviewing and editing.

Funding
Not applicable.

Availability of data and materials
Data will be made available by the authors upon request.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 27 July 2023   Revised: 6 February 2024   Accepted: 20 February 2024



Page 25 of 26Ricciolini et al. Agricultural and Food Economics           (2024) 12:11  

References
Agnusdei GP, Coluccia B (2022) Sustainable agrifood supply chain: bibliometric, network and content analyses. Sci Total 

Environ 824:153704
Allaoui H, Guo Y, Choudhary A, Bloemhof J (2018) Sustainable agro-food supply chain design using two-stage hybrid 

multi-objective decision-making approach. Comput Oper Res 89:369–384
Bebkiewicz K, Chłopek Z, Lasocki J, Szczepanski K, Zimakowska-Laskowska M (2020) Analysis of emission of greenhouse 

gases from road transport in Poland between 1990 and 2017. Atmosphere 11:387. https:// doi. org/ 10. 3390/ atmos 
11040 387

Boggia A, Fagioli FF, Paolotti L, Ruiz F, Cabello JM, Rocchi L (2023) Using accounting dataset for agricultural sustainability 
assessment through a multi-criteria approach: an Italian case study. Int Trans Oper Res 30:2071–2093

Bond A, Morrison-Saunders A, Pope J (2012) Sustainability assessment: the state of the art. Impact Assess Proj Apprais 
30:53–62

Cabello JM, Navarro E, Prieto F, Rodríguez B, Ruiz F (2014) Multicriteria development of synthetic indicators of the envi-
ronmental profile of the spanish regions. Ecol Ind 39:10–23

Cabello JM, Navarro E, Rodríguez B, Thiel D, Ruiz F (2019) Dual weak–strong sustainability synthetic indicators using a 
double reference point scheme: the case of Andalucía, Spain. Oper Res Int J 19:757–782

Cabello JM, Navarro E, Thiel D, Rodríguez B, Ruiz F (2021) Assessing environmental sustainability by the double reference 
point methodology: the case of the provinces of Andalusia (Spain). Int J Sust Dev World 28:4–17

Cinelli M, Coles SR, Kirwan K (2014) Analysis of the potential of multi criteria decision analysis methods to conduct sus-
tainability assessment. Ecol Ind 46:138–148

De Castro P, Miglietta PP, Vecchio Y (2020) The common agricultural policy 2021–2027: a new history for European agri-
culture. Ital Rev Agric Econ 75(3):5–12

Diaz-Balteiro L, González-Pachón J, Romero C (2017) Measuring systems sustainability with multi-criteria methods: a criti-
cal review. Eur J Oper Res 258:607–616

El Gibari S, Gómez T, Ruiz F (2019) Building composite indicators using multicriteria methods: a review. J Bus Econ 
89:1–24

El Gibari S, Cabello JM, Gómez T, Ruiz F (2021) Composite indicators as decision making tools: the joint use of compensa-
tory and non-compensatory schemes. Int J Inf Technol Decis Mak 20(3):847–879

Elkington J (1998) Cannibals with forks: the triple bottom line of 21st-century business. New Society Publishers, Gabriola 
Island

European Commission (2020) a farm to fork strategy for a fair, healthy and environmentally-friendly food system. 
COM(2020) 381 Final. Brussels: European Commission. https:// eur- lex. europa. eu/ legal conte nt/ EN/ TXT/? uri= CELEX% 
3A520 20DC0 381

European Environment Agency. (2023). Waste prevention country profile Denmark. April. https:// data. world bank. org/ 
indic ator/ NE. CON. PRVT. PP. KD? end= 2019& locat ions= DK& start= 2012

Feher A, Stanciu S, Iancu T, Adamov TC, Ciolac RM, Pascalau R, Banes A, Raicov M, Gosa V (2022) Design of the macroeco-
nomic evolution of Romania’s agriculture 2020–2040. Land Use Policy 112:105815. https:// doi. org/ 10. 1016/j. landu 
sepol. 2021. 105815

Galli F, Bartolini F, Brunori G, Colombo L, Gava O, Grando S, Marescotti A (2015) Sustainability assessment of food supply 
chains: an application to local and global bread in Italy. Agric Food Econ 3(1):1–17. https:// doi. org/ 10. 1186/ S40100- 
015- 0039-0/ TABLES/2

Galli F, Favilli E, Amico SD, Brunori G (2018) A transition towards sustainable food systems in Europe. Food policy blue 
print scoping study. (Issue March)

Hambrusch J, Quendler E (2009) A partial analysis of the fruit and vegetable sector in Austria. In: The 83rd annual confer-
ence of the agricultural economics society Dublin 30th March to 1st April 2009. AgEcon Search. AgEcon Search 
(umn.edu)

Hawkins TR, Dente SMR (2010) Greenhouse gas emissions driven by the transportation of goods associated with French 
consumption. Environ Sci Technol 44:8656–8664

Lombardi NA, Salomon VAP, Ortiz-Barrios MA, Florek-Paszkowska AK, Petrillo A, De Oliveira OJ (2021) Multiple criteria 
assessment of sustainability programs in the textile industry. Int Trans Oper Res 28:1550–1572

Mousavi M, Taki M, Raeini MG, Soheilifard F (2023) Evaluation of energy consumption and environmental impacts of 
strawberry production in different greenhouse structures using life cycle assessment (LCA) approach. Energy 
280:128087

Pancino B, Blasi E, Rappoldt A, Pascucci S, Ruini L, Ronchi C (2019) Partnering for sustainability in agri-food supply chains: 
the case of Barilla sustainable farming in the Po Valley. Agric Food Econ 7(1):1–10. https:// doi. org/ 10. 1186/ S40100- 
019- 0133-9/ FIGUR ES/1

Pereira Andrade E, Bonmati A, Esteller LJ, Callejo AA (2022) Assessment of social aspects across Europe resulting from the 
insertion of technologies for nutrient recovery and recycling in agriculture. Sustain Prod Consum 31:52–66

Pineda E, Sanchez-Romero LM, Brown M, Jaccard A, Jewell J, Galea G, Webber L, Breda J (2018) Forecasting future trends 
in obesity across Europe: the value of improving surveillance. Obes Facts 11(5):360–371. https:// doi. org/ 10. 1159/ 
00049 2115

Ricciolini E, Rocchi L, Cardinali M, Paolotti L, Ruiz F, Cabello JM, Boggia A (2022) Assessing progress towards SDGs imple-
mentation using multiple reference point based multicriteria methods: the case study of the European countries. 
Soc Indic Res 162:1233–1260

Rokicki T, Perkowska A, Klepacki B, Bórawski P, Bełdycka-Bórawska A, Michalski K (2021) Changes in energy consumption 
in agriculture in the EU countries. Energies 14:1570. https:// doi. org/ 10. 3390/ en140 61570

Ruiz F, Cabello JM (2021) MRP-PCI: a multiple reference point based partially compensatory composite indicator for 
sustainability assessment. Sustainability 13:1261

Ruiz F, Cabello JM, Luque M (2011) An application of reference point techniques to the calculation of synthetic sustain-
ability indicators. J Oper Res Soc 62:189–197

https://doi.org/10.3390/atmos11040387
https://doi.org/10.3390/atmos11040387
https://eur-lex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A52020DC0381
https://eur-lex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A52020DC0381
https://data.worldbank.org/indicator/NE.CON.PRVT.PP.KD?end=2019&locations=DK&start=2012
https://data.worldbank.org/indicator/NE.CON.PRVT.PP.KD?end=2019&locations=DK&start=2012
https://doi.org/10.1016/j.landusepol.2021.105815
https://doi.org/10.1016/j.landusepol.2021.105815
https://doi.org/10.1186/S40100-015-0039-0/TABLES/2
https://doi.org/10.1186/S40100-015-0039-0/TABLES/2
https://doi.org/10.1186/S40100-019-0133-9/FIGURES/1
https://doi.org/10.1186/S40100-019-0133-9/FIGURES/1
https://doi.org/10.1159/000492115
https://doi.org/10.1159/000492115
https://doi.org/10.3390/en14061570


Page 26 of 26Ricciolini et al. Agricultural and Food Economics           (2024) 12:11 

Ruiz F, El Gibari S, Cabello JM, Gómez T (2020) MRP-WSCI: multiple reference point based weak and strong composite 
indicators. Omega 95:102060

Sroka W, Dudek M, Wojewodzic T, Król K (2019) Generational changes in agriculture: the influence of farm characteristics 
and socio-economic factors. Agriculture 9(12):264. https:// doi. org/ 10. 3390/ agric ultur e9120 264

Wesseler J (2021) The EU’s farm-to-fork strategy: an assessment from the perspective of agricultural economics. Appl 
Econ Perspect Policy 44:1826–1843

Zsarnóczai JS, Zéman Z (2019) Output value and productivity of agricultural industry in Central-East Europe. Agric. Econ. 
Czech 65:185–193

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/agriculture9120264

	Sustainability of European agri-food supply chain using MRP-PCI multicriteria analysis method
	Abstract 
	Introduction
	Method MRP-PCI (multiple reference point-based partially compensatory composite indicator)
	Case study
	Indicators
	Aggregation and weighting
	Compensation index

	Results and discussion
	OSI: Overall sustainability index
	Group 1: best-performing countries
	Group 2: second-best countries
	Tail lights countries
	Trends over the years

	Conclusions
	Acknowledgements
	References


