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Preface to ”Sustainable Food System in the European

Union”

Among the efforts to tackle climate and environmental challenges, the European Green Deal

(EGD) plays an important role in proposing a holistic approach in which all European actions and

policies contribute to the objectives of the Green Deal itself. The EGD plans new, sustainable, and

inclusive growth strategies to enhance the economy, improve people’s health and quality of life,

protect nature, and ensure no one is left behind. The Farm to Fork (F2F) Strategy is one of the EGD

strategies focused on sustainable food systems and the complex links between healthy people, healthy

societies, and a healthy planet. The F2F strategy, while emphasizing the awareness that food systems

remain one of the key drivers of climate change and environmental degradation, highlights the need

for a transition towards a green agri-food system.

The main goals of the F2F strategy are to ensure sufficient, affordable, and nutritious food

within planetary limits; to guarantee sustainable food production through a substantial reduction

in pesticides, antimicrobials, and fertilizers use, and an increase in organic farming; to promote more

sustainable food consumption and healthy diets; to minimize food loss and waste; to fight food fraud;

and to improve animal welfare. The F2F strategy’s aim can be summarized as a shift to a sustainable

food system that brings environmental, health, and social benefits, offers economic gains, and ensures

sustainable growth.

This Special Issue of Sustainability has contributed to this field by collecting high-quality studies

and research related to the complexity of food systems to measure the progress in achieving F2F and

EGD strategies’ goals.

The Guest Editors are glad that this Special Issue has attracted the attention of several researchers

who shared their results by submitting original research articles, case studies, reviews, critical

perspectives, and viewpoint articles. The Special Issue’s final results provide an updated picture

of the effectiveness of the F2F strategy and any corrective actions needed.

Mariarosaria Lombardi, Vera Amicarelli, and Erica Varese

Editors
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Abstract: Milk and dairy are basic food products and their importance in healthy human develop-
ment is well known. However, this does not mean that the consumers’ requests for these products
are not evolving and fitting into the new context of sustainable development. By conducting a
quantitative analysis on 847 answers regarding milk and dairy consumption offered by Romanian
consumers, the objective of this study is to reveal what are the main factors of influence for re-
spondents when choosing a milk or dairy product, and to see if these factors are evolving towards
including sustainability-related aspects. The results point out that while price and store availability
are still present as choice criteria, new aspects that might be related to a sustainable behavior, such as
ecologic certification, country of origin or traditional products, are considered by the respondents
when purchasing milk and dairy. However, this depends on the level of income; higher incomes
allow respondents to consider new criteria.

Keywords: consumer behavior; milk and dairy choice; sustainable choice; influencing factors;
income influence

1. Introduction

The debate around milk and dairy consumption has become more important along
with the increase of nutritional information [1,2], the consumers’ need for ensuring bal-
anced and healthy diets for themselves and their children [3], but also due to the possible
environmental impact of animal farms [4], and even possible health risks determined by
this type of products such as allergies or intolerance [5]. Increasingly, how the choices
made by consumers affect the development of the planet, meaning sustainable choices [1,6],
including food products, are getting to be more present in the regular choice patterns [7].

The international funds and grants for agriculture always aim a significant percentage
of their support at farms for milk production as this product is considered a basic one [8].
Yet, a slight change in the agricultural policy and support schemes, such as the lift of
milk quotas in the European Union (EU), has major impact for the producers, affecting
them differently based on the market size and farm size, determining important progress
for Danish farmers and the incapacity of being competitive for Greek farmers, therefore
bringing major changes for the local markets [9].

The milk and dairy market potential of Romania, as a member of the EU since 2007,
serves as a particular case for this study considering on one hand the tradition of consuming
milk and dairy from a variety of species (cow, sheep, goat, buffalo and even donkey), the
country being part of the Balkan region [10], and on the other hand considering the constant
negative trade balance for milk and dairy, meaning that the local products are insufficient
for satisfying the consumers’ needs [11]. Additionally, the GDP per capita for the EU
countries in 2020 placed Romania as the last but one among the 27 member states. The GDP

Sustainability 2021, 13, 12204. https://doi.org/10.3390/su132112204 https://www.mdpi.com/journal/sustainability
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per capita in Romania was 8810 euro, compared to the EU27 average of 26,380 euro [12].
Meanwhile, the harmonized index of consumer prices in 2020 for the milk and dairy
category shows a higher increase for Romania than for the EU 27 average, meaning that the
prices for this type of product has raised faster than in the EU [13]. Moreover, Romania is in
the last place considering the disposable income reported to the consumption expenditure
in the EU, meaning that the people spend much of their income on satisfying their basic
needs, such as providing food [14]. Therefore, the influence of income on the consumption
choices that consumers make should be a key factor to look into for Romania and is
considered as the main aspect of investigation for this study.

Several studies focus on determining the aspects that influence the consumer choice
for specific food products, both positively and negatively. Therefore, they investigate
consumer behavior [15]. Beginning with the obvious factors such as price or availability,
which have been observed by marketers to have a high influence on the purchasing
and consumption behavior, the new socio-economic and environmental context presents
itself with new factors that change this behavior, such as the willingness to pay for more
sustainable products [1]. In the case of milk and dairy, Nam et al. [16] has observed
such a shift regarding the consumers’ willingness to pay for mountain dairy produced in
sustainable farms.

Understanding the factors that influence the consumer choice for milk and dairy,
as important nutritional providers, and determining if there are any tendencies towards
sustainable choices serve as the purposes of this study.

The paper should be of interest both to local and international producers in the milk
industry, as they should be aware of the consumer expectations and purchasing power so
to adjust their offer accordingly, but also to policy makers in documentation for future food
policies intended at supporting and educating production and consumption in the milk
and dairy sector.

2. Theoretical Background

2.1. Importance of Sustainable Food

Since the Brundtland Report [17], which proposed sustainable development as a solu-
tion for improving the quality of the environment and society in the long term, along with
economic development, and also until the Sustainable Development Goals [18], the ways
of production in domains such as agriculture [19,20], construction [21,22], industry [23]
(including the dairy industry [24]), and, more recently, consumption of different products
such as food [1,25] and fashion [26], or services such as tourism [27], have been questioned
and solutions for making them more sustainable have been proposed.

The case of sustainable dairy is a sensitive one. On one hand, milk and dairy, along
with meat and eggs, represent a prime source of superior protein, known for thousands of
years, so it is natural to observe increasing trends in the consumption of these products
while countries register economic and social development [16,28]; this also being the
case of EU Central and Eastern countries, where GDP values increased compared to the
EU average [29]. On the other hand, the intensive dairy farming industry is recognized
by the high environmental impact and contribution to global warming, acidification,
energy consumption and land occupation [30,31], which makes it unsustainable. Therefore,
the alternative may reside in traditional farms with a small production of traditional
products [32] or mountain products [30], which are increasing on the consumers preference
list [16,33].

Regarding the notion of sustainable food, the FAO [34] envisions it as food that is
nutritious and accessible for everyone, while natural resources are managed to support the
current and future human needs. Otherwise, there are different accepted characteristics
that can make a food product recognized as sustainable, such as plant-based [35] or
insect-based [36], with a less meat-based composition [37], seasonal food [38,39], locally
grown and produced food [39], and organic food [40]. Additionally, there are a series
of accepted barriers to consuming sustainable food. For example, cultural barriers as

2



Sustainability 2021, 13, 12204

the reluctance to consume cultured meat or insects [39], financial barriers [41], or even
habituality barriers [42].

2.2. Importance of Milk and Dairy in Diets

Around the world, milk and dairy have been known as food sources for a long time.
Milk is acknowledged as a complete food, composed by all nutrient categories. Moreover,
other dairy products such as yogurts are included in the category of functional foods,
meaning products that are beneficial for the health and wellbeing of the consumer [2,43].

Several authors mention the importance of milk and dairy consumption especially for
pregnant women, children, adolescents, and older people, due to the increased composition
of mineral salts and vitamins, responsible for the proper development and maintenance of
bones and muscles [3,44,45]. Adding on this, Givens [3] mentions that threats of increased
cardiovascular disease due to milk and dairy consumption are disproved by clinical
studies, while the correlation between yogurt consumption and type II diabetes needs to
be further studied.

Regarding the regular consumption of milk and dairy, studies have determined an
average of 2–3 servings per day, depending on the availability of these products and their
presence in the culture of a country [46], being a regular presence in an extended part of
the globe [47].

Since this type of product may contribute to ensuring food security through the
nutritional values and its widespread, the level of income should not be a factor of influence
in milk consumption. Nevertheless, studies show that lower incomes lead to poorer choices
in milk quality [48,49]. Moreover, other research points out that the lower income groups
have a higher sensitivity than medium and high-income groups to income and price
fluctuations when choosing dairy products [50]. In addition, the income inequalities
significantly influence the quality of life of people in developing countries, including their
possibility of spending on high quality food products [51].

Demographic factors, such as gender, are known to influence the choice of diet. Women
pay more attention to low fat diets and healthy diets than men [52]. Even more, there are
studies claiming that men are less willing to pay for higher quality in food products [53]
and read the labels superficially [54]. Nevertheless, the consumption of milk in men and
women should not differ as it has lifelong benefits [55].

2.3. Sources of Milk and Dairy

While in general terms, milk refers to the product of the cows, they are not the only
type of animal which produces edible milk. Park [43] observes that the general tendency is
to skip the importance and nutritional value of milk coming from other animals, especially
since cows have adapted so well in farms all over the world. Hoowever, the milk and
dairy coming from other types of animals such as buffalos (mozzarella), sheep and goats
(yogurt and chesses) or even donkey (milk) puts renowned specialties on the market. For
example, the Italian mozzarella is a certified product made especially from buffalo milk,
which offers it a superior taste and texture [56]. Zicarelli [57] shows that buffalo milk has
a higher nutrient content and a lower cholesterol level than cow’s milk. However, the
farming of such animals is more difficult, needing more water and space, and therefore
being less suited for large farms [56]. The case of sheep and goats is also special, as the
extensive methods of farming specific to the Mediterranean or Balkan region offer the
dairy products particular sensorial qualities and place them among the traditional products
sought especially by locals. However, whether they will be able to adapt to the standardized
market of the developed countries or they will remain a hard-to-get traditional product
is still not known [10,58]. Donkey milk is more known as a treatment for diverse types of
affections, such as milk intolerance in infants, having a chemical composition remarkably
close to human milk [59,60]. Moreover, using it in the treatment of lung disease, including
lung cancer, has raised the interest of scholars [61]. Depending on the local culture and
natural fauna, there are other species of animal that provide sources of milk, which are less

3
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known or understood at the general level, such as camels, mares, or reindeers [43,62]. In
addition, the innovation vector [63] has not jumped over the dairy sector. Research and
development have presented alternative plant-based results for milk, such as soy milk, rice
milk or almond milk [64].

Nevertheless, due to its high availability and recognizable taste, cow’s milk is expected
to be the preferred source for consumers [65].

2.4. Factors Influencing the Consumer Choice of Milk and Dairy

Determining the factors that trigger or suppress the purchasing and consumption
decision for several types of products has been of interest to researchers and marketers for a
long time [1,66]. The universality of these products has attracted attention from researchers
in various geographical regions. For example, in Kosovo, a study [67] revealed that the
factors that have a significant influence on the choice of dairy are consumer gender, trust in
the products, perceived quality, origin, and price of the purchased product. The Slovak
consumers consider that price, taste, and quality of the local dairy are strengths, being
perceived as healthy, while the imported products excel in packaging and variety [68].
Other researchers [69] show that Chinese consumers are significantly influenced by the
country-of-origin of milk and dairy products, trusting them more than the local products,
while the preference for a specific country is guided by consumer familiarity and experience
with the products, ethnocentrism, and animosity, and even some cultural value differences.
For the Italian consumers, the low price and high availability in the supermarkets of cows’
milk are main reasons for consumption, while the health benefits of the donkey milk are
seen as superior, but the difficulty of finding it in the supermarkets proves to be a significant
barrier [70].

The sensory properties of milk and dairy products, such as color, smell, taste, fat quan-
tity or density are powerful indicators for consumers in choosing a particular product [2].
Others focus on factors that may be related to a sustainable choice, such as origin of the
products, determining a preference for local and mountain products [13] or the certification
of Good Agricultural Practice, in the case of Japanese consumers [71]. Other authors
observe that basic factors such as availability of products, price and packaging significantly
influence the consumers in making a choice for milk and dairy products [70,72].

Some newer factors indicate that not all consumers are open to trying organic prod-
ucts, but there are some for which ethical aspects and green consumerism are motives for
purchasing organic products [40]. Other authors point out that in higher-income countries,
green purchases have the role of bringing people closer to the environment. Therefore, sus-
tainable food choice is becoming more pressing especially in these countries [73]. However,
other studies [74] claim that emerging economies have a higher willingness to pay for envi-
ronmentally certified food produce. Roman et al. [75] find that for people who give a higher
importance to natural foods, the willingness to eat ecological or organic food increases,
while other studies point out that consumers are willing to pay more for sustainable food
products or food with sustainable characteristics. For example, Gao et al. [33] claim that
the willingness to pay for sustainable dairy is 40% higher than for regular dairy in the case
of Chinese consumers. Other authors [76] claim that Spanish consumers are willing to
pay more for locally grown almonds, as opposed to long traveled almonds. Adding on
this, other studies point out that some European consumers are willing to pay more for
locally captured fish, due to the trustful standards and effective communication regarding
the standards [77]. Other aspects considered by consumers as worthy of paying more are
innovative packaging solutions in the case of milk and dairy [78], or the provenance from
small farms, that actually diminishes the need for organic certification [79]. Due to these
previous studies, we consider that the willingness to pay more for milk and dairy with
sustainability related aspects from the Romanian consumers is of further interest. In this
case, the hypotheses of the current research were based on the previous studies on the
influencing factors of consumption of milk and dairy.

4
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Given previous studies [51–54,68], we consider that the correlation between gender
and the choice criteria for milk and dairy should be further investigated, and we expect
that some considerable differences between respondent gender groups would be revealed.
Hence, hypothesis one was formulated.

Hypothesis 1 (H1). There is a significant correlation between gender and the considered choice
criteria for milk and dairy.

Considering earlier information [12–14,48–51], we expect income to be significantly
correlated with the availability of ecological products [16,33,40,75], given the fact that
higher income groups would afford purchasing products with higher price [55,70,72].
Additionally, a significant correlation is expected between income and perceived quality
of the products [67,68,77], given the fact that people expect to have the highest benefits
from their purchases; and between income and traditional products, such as local products,
especially coming from small producers [16,33,68,76,79]. The testing for these criteria has
been considered through the willingness to pay for products that are certificated, traditional
and have a high perceived quality, but also the declared expenditure for them is at least a
medium one per week. Therefore, the second hypothesis for this study is the following:

Hypothesis 2 (H2). There is a significant correlation between the income of the respondents
and the environmental-related criteria (availability of ecological products, perceived quality, or
traditional products), expressed through their willingness to pay more for these products (H2a) and
by having at least a medium weekly expenditure for them (H2b).

Because several authors mention the country of origin in their research [67,69,76], this
characteristic complying with both expectations for lower price [67,68,70] and contribution
to supporting local production [76,79], we considered the correlation between income level
and the country of origin in the third hypothesis.

Hypothesis 3 (H3). There is a significant correlation between the income of the respondents and
the country of origin for milk and dairy.

Store availability is mentioned constantly in previous studies [70–72], meaning that
the consumers would buy what is available if they come to the store with the purpose of
buying milk, even if it may not satisfy their ethical or environmental expectations; therefore
we expect income and store availability to be strongly correlated, as opposed to a lower
correlation between possible health recommendations or long term health benefits of milk
consumption and income [68,70].

Hypothesis 4 (H4). There is a lower correlation between the health recommendations of milk and
dairy consumption and income of the respondents than between large retail store availability of these
products and income of the respondents.

3. Materials and Methods

Considering that Romania has a negative trade balance regarding milk and dairy
products, as it may be seen in Figure 1, especially regarding cheese and curd, but also for
raw milk, as a total for all species that are traded, it presents a particular case for studying
the factors that guide Romanian consumers in their choice of purchase and consumption
for milk and dairy. Since the import of milk and dairy is at a high rate, how consumers
take into consideration the country of origin for these products and their appreciation for
the local produced ones is of interest and will be shown later in the study. Additionally, the
low level of income and GDP per capita, compared to the steep increase in the harmonized
index of consumer prices, earlier presented [12–14], support the choice of the case study
considered in this research.
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Figure 1. Romanian trade balance for milk and dairy between 2016–2020 (thousand US Dollars).
Source: International Trade Center [11].

Regarding the method of gathering the information, the quantitative survey was
considered, using the structured investigation technique through a self-administered
questionnaire [80]. Convenience sampling using the “snowball” method was used as a
sampling method [81].

In order to determine the sample size, the Taro Yamane method was used [82], accord-
ing to which:

n = N / (1 + N ∗ e2), (1)

where n is the sample size, N is the total population size, and e is the accepted error.
For a total population of 17,592,625 people over the age of 15 years old [83], the size of

the determined sample is 847 people, using an error of 3.43%.
The questionnaire contained 29 questions, of which 26 were closed questions and

three were open questions. Once developed, the questionnaire was tested on twenty people
to gather feedback on understanding the questions and thus improve the quality of the
research. Then it was released for the general public.

The variables used in the study of the milk and dairy choice are:

− dependent variables: consumer preferences for milk and dairy products; willingness
to pay for sustainability characteristics (ecological and traditional products).

− independent variables: gender, age, and income.

The data were interpreted using a quantitative analysis software SPSS [84] and the
semantical differential scale [85] in order to capture and present the main characteristics of
the respondents. The answers to the open questions regarding suggestions from the respon-
dents for the milk and dairy producers were interpreted using a map generating software,
KH Coder, based on frequency and correlations of the words in the open answers [86].

4. Results and Discussion

From the total number of participants in this study (847 persons), 96.5% declare
themselves as consumers of milk and dairy and 3.5% declare they do not consume these
types of products. In order to see the structure of the respondents, in Table 1, the frequency
of consumption by gender, age groups and income groups is presented.
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Table 1. Milk and dairy consumption frequency.

Frequency of Consumption (%)

Distribution
(Total %)

Daily
2–3

Times/Week
Weekly Occasional

Males 26.3 28.17 35.68 12.68 23.47
Females 73.7 34.05 28.60 15.87 21.49
<20 y.o.* 7.7 27.69 36.92 9.23 2.08

20–29 y.o. 58.4 30.64 33.19 16.81 19.36
30–39 y.o. 14.3 38.66 21.01 11.76 28.57
40–49 y.o. 12.4 37.50 29.81 11.54 21.15
>50 y.o. 7.2 31.67 21.67 20.00 26.67

<1000 lei ** 22.9 27.03 29.19 20.54 23.24
1001–2000 lei 13.8 27.93 36.94 13.51 21.62
2001–3000 lei 16.7 33.09 40.44 14.71 11.76
3001–4000 lei 15 36.51 28.57 15.08 19.84
4001–5000 lei 11.2 35.16 24.18 16.48 24.18
5001–6000 lei 6.5 30.19 32.08 7.55 30.19

> 6000 lei 13.9 39.66 20.69 10.34 29.31
* y.o. = years old; ** lei = monthly income. Source: authors own interpretation of data.

Considering the distribution of the respondents by consumption frequency, we may
see that, from the total number of respondents which consume milk and dairy (818), the
majority has a frequent consumption. The percentages were obtained by reporting the
number of respondents in a gender, age, or income frequency group to the total number
of respondents in that category. The results are in line with previous studies [10,46];
Romania is a Balkan country, and therefore has a long-standing tradition of consuming
milk and dairy.

There are some differences that may be observed between gender groups, with females
having a higher percentage for daily consumption than men, who register the highest
percentage in the 2–3 times/week category.

Considering the differences between age groups, the 30–39 years old category registers
the highest percentage of respondents in the occasional frequency, followed by the above
50 years old category. Additionally, the 30–39 years old category has the highest percentage
of respondents in the daily frequency group. An interesting observation emerges from the
age groups distribution; the categories above 30 years old have the highest percentages in
the daily and occasional frequency groups. This may be due to a better knowledge of the
personal body and its tolerances and needs that come along with age.

Regarding the income groups, the above 6000 lei per month group registers the highest
percentage of respondents in the daily frequency group, followed by the 3001–4000 lei/month
income group. In addition, the higher income groups, above 3001 lei/month, register
increasing percentages for the occasional frequency group.

Considering the preferred type of milk by animal species, the results of the study are
presented in Figure 2.

The preferred source for milk and dairy is cows’ milk, with more than 70% of the
consumers participating in this study declaring they like it very much. The results are in
line with previous studies [43,65]. The high preference for cows’ milk is also supported
by the higher availability in stores compared to milk and dairy from other species, as well
as lower prices [65,70,87]. Additionally, the low national production of milk from other
species [88] raises questions regarding the provenance of the products found in stores.

The goats’ milk is the second most popular in the respondents’ preference list, with
more than 13% liking it much and very much [10]. The sheep and buffalos register less than
5% of the respondents who prefer it much or very much, while donkey milk registered
insufficient answers to be taken into consideration in the analysis, supporting the idea that
the lack of availability in stores is a prime barrier in consumption [65,70].
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Figure 2. Preferred source for milk and dairy by animal species (%). Source: authors own interpreta-
tion of data.

The possible differences between men and women considering diverse selection
criteria for milk and dairy products are presented in Figure 3.

 

Figure 3. Selection criteria for milk and dairy. Source: authors own interpretation of data.

By using the five-point semantical differential scale [85], the general preference scores
were calculated for the female and male respondents of this study.

By calculating the chi-squared test for the correlation of gender and the different
choice criteria, with four degrees of freedom and a significance level of 9,49, we point out
that there are significant differences between the calculated chi (spread from 0.647 to 9.52
for the different criteria) and the theoretical chi (9,49). Therefore, there is no significant
correlation between gender and choice criteria, which refutes the first hypothesis of the
study (H1) and presents different results than previous studies [51–53,67].

Considering the descriptive statistics, the most important selection criteria are taste,
followed by freshness and term of validity, while the least important are commercials
and store offers. The lowest score offers an important insight in the changes of consumer
behavior, which is now less influenced by the price offers and pays a higher attention to
other selection criteria, pointing to a more educated consumer.
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While the freshness, smell, and ingredients have a slightly higher importance for
women, the taste, quality/price ratio, term of validity, origin, nutritional value, and price
offers are more important for men. The high importance given to the sensorial proper-
ties (taste, smell, fat percentage) are important pointers for the fact that consumers are
accustomed with this type of product and are able to determine their quality through the
sensorial properties, the results supporting previous studies [2].

The willingness to pay for milk and dairy products which present specific environ-
mental or social benefits differentiated by income categories is presented in Table 2.

Table 2. The willingness to pay for better milk and dairy (%).

Have an
Ecologic

Certification

Have a
Superior
Quality

Are Traditional
Products

Mixed Answer
(Two Options)

All Three
Options

Not Available
to Pay

<1000 lei ** 5.67 34.54 10.82 22.16 21.13 5.67
1000–2000 lei 7.69 28.21 12.82 26.50 19.66 5.13
2001–3000 lei 13.38 21.83 18.31 18.31 21.13 7.04
3001–4000 lei 7.87 22.83 14.96 29.13 21.26 3.94
4001–5000 lei 8.42 36.84 8.42 21.05 20.00 5.26
5001–6000 lei 5.45 25.45 12.73 23.64 25.45 7.27

>6000 lei 6.84 23.08 5.98 25.64 36.75 1.71

** monthly income. Source: authors own interpretation of data.

The willingness to pay higher prices for products that respond to new social or
environmental criteria, therefore proving the respondents’ involvement in supporting
the community it lives in through traditional products, for example, or the care for the
environment through ecologic certificated products, or just wanting a higher quality of the
products for its own health, are becoming important aspects studied through consumer
behavior changes [1,7].

It is important to notice that the non-willingness to pay has the smallest percentage
of the respondents’ categories of monthly income. Yet, for the 2001–3000 lei/month and
5001–6000 lei/month, these percentages are above 7%. From the three single options, the
perceived superior quality is of the highest appeal to the respondents, meaning that the
personal gain is more priced than the social or the environmental one, for all income groups.
However, the cumulated answers and for two or all three options register more options
than the single ones. More importantly, all three options register higher percentages with
the higher income groups, which implies a higher income allows a person to consider the
social and environmental implications of its purchasing options, the results being in line
with previous studies [16,33,75].

There is a significant link between respondents’ income and their willingness to buy
milk and dairy products at higher prices, with a probability of 95%. The calculated chi-
square has a value of 47.68, being higher than theoretical chi of 43.77 for a significance
threshold of 0.05. Therefore, the first part of the second hypothesis is confirmed.

The average amount declared to be spent by the respondents for milk and dairy, by
groups of prices and incomes, may be seen in Table 3.

The average amount declared to be spent weekly on milk and dairy by the respondents
of this study are medium, between 26 and 75 lei/week, being followed by the lesser amount,
less than 25 lei/week. Only few respondents spend amounts higher than 75 lei/week
for this type of product. Through the chi-square testing, it was found that the calculated
chi of 15.56 is less than the theoretical chi of 21.03 for a significance threshold of 0.05, so
there is no significant influence of the respondents’ income on the amount allocated for the
purchase of such products. Therefore, hypothesis H2b is rejected; there is no correlation
between the level of income and the weekly expenditure for milk and dairy.
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Table 3. Average amount declared to be spent by the respondents for milk and dairy (%
of respondents).

<25 lei 25–75 lei >75 lei

<1000 lei ** 37 52 11
1000–2000 lei 28 57 15
2001–3000 lei 37 54 9
3001–4000 lei 26 58 16
4001–5000 lei 32 55 14
5001–6000 lei 38 44 18

>6000 lei 32 62 7
** monthly income. Source: authors own interpretation of data.

The importance of the country of origin for milk and dairy by income categories,
calculated through the semantic differential [85], is presented in Figure 4.

 

Figure 4. Consideration of country of origin in milk and dairy purchasing by income categories.
Source: authors own interpretation of data.

For all income groups the score is higher than 2.9, meaning that the majority take
this criterion into consideration. Surprisingly, the lowest and highest income categories
have the highest scores, and therefore the highest consideration for the country of origin
for the purchased products—the national provenance being preferred by the majority of
the respondents.

Considering the chi-squared testing, the calculated chi value of 36.57 is exceeding the
theoretical chi value of 36.42 for the significance threshold of 0.05, calculated for 24 degrees
of freedom. Income has a significant correlation with the importance that respondents
attach to the country of origin of the products they purchase.

Therefore, the third hypothesis is confirmed by the results of the study.
It is observed that the income influences the decision to buy these products depending

on the country of origin, with a probability of 95%. Additionally, the origin of the products
(industrial farming, traditional farming, ecological farming, own production) presents
a high importance for the respondents, being in line with previous studies [33,40,67].
However, it is more important for income categories higher than 4001 lei/month.

The importance of national production is also confirmed by the top ten brands men-
tioned by the respondents to this study as being their preferred ones. The results are
presented in Figure 5. The results oppose that of Yang et al. [69], who presents a higher pref-
erence for imported milk and dairy than for the local production for Chinese consumers.
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Figure 5. Top ten milk and dairy brands preferred by the respondents. Source: authors own
interpretation of data.

All mentioned brands, except “local producers” which refers to small producers
who sell their products without any brand, but are particularly present in local food
markets, have factories spread on the Romanian territory, and therefore have a national
understanding for the respondents. However, most of them are part of multinational chains
which adapt their production to suite their different local markets and more, and the local
origin of the fresh milk is not guaranteed by the factory location. The potential of local
production may be extracted from the multiple mentions from the respondents of small
local producers as the preferred sources for milk and dairy, being in line with previous
studies [38,76].

The comparison of the importance between milk and dairy product availability in
large stores and health recommendations (if any nutritional or health-related benefits of
milk and dairy consumption coming from clinical physicians are taken into consideration
in the choice of products) for them is presented in Tables 4 and 5.

Table 4. The importance of products availability in large stores (%).

Not
Important

Low
Importance

Neutral Important
High

Importance

<1000 lei ** 12.37 3.09 9.28 27.84 47.42
1000–2000 lei 5.98 5.98 10.26 25.64 52.14
2001–3000 lei 4.23 4.93 11.27 19.01 60.56
3001–4000 lei 11.81 7.09 7.09 22.05 51.97
4001–5000 lei 6.32 6.32 8.42 33.68 45.26
5001–6000 lei 3.64 7.27 18.18 23.64 47.27

>6000 lei 11.11 4.27 10.26 23.08 51.28
** monthly income. Source: authors own interpretation of data.

Considering the descriptive statistics, the highest percentages of respondents in each
income category considers that the availability of milk and dairy in large stores, such as
supermarkets and hypermarkets is very important. Therefore, the unavailability in large
stores of a specific product does not mean the customer would not buy anything at all, but
it would adapt to the store offer, being in line with previous research [70].

By comparison, the importance of the health-related recommendations in choosing
milk and dairy products is much lower. Around a quarter of the respondents consider this
criterion to be of some importance in their choice, no matter the income category. While
we would expect that the importance of these recommendations would grow along with
the increase of income, this appears not to be the case. What is noticeable is the high
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percentage of neutral respondents, meaning those who have not given this criterion any
thought before participating in this study.

Table 5. The importance of health recommendations in milk and dairy consumption (%).

Not
Important

Low
Importance

Neutral Important
High

Importance

<1000 lei ** 18.04 15.46 23.20 25.26 18.04
1000–2000 lei 17.09 12.82 25.64 20.51 23.93
2001–3000 lei 23.24 14.79 21.83 24.65 15.49
3001–4000 lei 20.47 9.45 29.92 18.11 22.05
4001–5000 lei 21.05 10.53 29.47 23.16 15.79
5001–6000 lei 21.82 18.18 20.00 25.45 14.55

>6000 lei 17.09 13.68 23.93 25.64 19.66
** monthly income. Source: authors own interpretation of data.

When assessing the two sides of the fourth hypothesis using the chi-squared test, we
observed that for the income influence on large stores availability, the calculated chi value
of 30.73 is less than the theoretical chi value of 36.42 for the significance threshold of 0.05,
calculated for 24 degrees of freedom. We found that there is no significant correlation
between the income of the respondents and the supermarket or hypermarket availability
of milk and dairy products.

When considering the second part of the fourth hypothesis, the correlation between
income and taking into consideration the health-related recommendations for milk and
dairy consumption, the calculated chi value of 16.48 is lower than the theoretical chi value
of 36.42 for the significance threshold of 0.05, calculated for 24 degrees of freedom. It is
found that there is no association between the respondents’ income and the importance
given to the health recommendations in the decision to buy milk and dairy products.

Therefore, there is no significant correlation between the respondents’ income and
the store availability or between income and health-related recommendations, and the
fourth hypothesis is infirmed. By seeing the descriptive statistics, the Romanian consumers
who participated in this study seem to consider store availability as more important than
health-related recommendations when choosing a milk or dairy product. However, more
research in this area needs to be done before providing a clear correlation.

Regarding the recommendation expressed by the respondents through an open an-
swered question, the main results were grouped by type of suggestion in Figure 6.

Adding to the quantitative results, the recommendation map shows some similar
ideas from the respondents. First, in green, the idea relates to the possibility of increas-
ing the market power of local producers, so they may have contracts with restaurants,
hotels, or school cafeterias, through diversification of the product line and an increase of
promotion activity. These are pointers to the fact that the local production has considerable
development potential if it can keep up with the new tastes and needs of the respondents
to this study, being in line with previous studies [76,79]. The second recommendation, in
yellow, is a general one, referring to the quality of the raw material used in production.
The respondents request that the producers keep the quality of the natural milk and not
diminish it through industrial practices or enhance it with artificial additives. In blue, the
recommendation goes to small farmers. The respondents suggest that these farmers should
cooperate so to have a higher market influence and to sell their products directly to the
consumers, not through collectors or industrial dairy factories, being in line with other
studies [8,9,79]. The suggestion in red is an environment-related one; the respondents ask
for increased attention to recyclable or reusable packaging like glass, as new criteria for
sustainable product choice [1,6,7,72,78]. Additionally, one of the preferred local brands
stands out especially through their glass packaging. The recommendation in purple is
an economic-related one; the respondents suggest fair prices, related to the quality of the
products [68], and more care in advertising rather than the aggressive marketing methods
that are sometimes used. Another general recommendation is related to the care for the
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consumers’ health that is expected from the producers, the general feeling of the respon-
dents being that this natural care is missing, with the products put on the market being
sometimes perceived as low quality or unhealthy.

Figure 6. Respondents’ recommendations for milk and dairy producers. Source: authors own
interpretation with KH Coder [83].

5. Conclusions, Limitations, and Implications

The results of the current study point out the market potential of the local Romanian
milk and dairy products, with particular attention on the traditional and ecological prod-
ucts, which turn out to be especially important for the Romanian respondents, even for the
categories with lower monthly incomes.

The importance given to the sensorial properties of the milk and dairy products is
proven by the results and the respondents’ recommendations regarding the preservation
of the natural qualities of raw milk, pointing out that they have the capacity to recognize
products with additives, and therefore such practices might lead to a loss in the market
share. Even more, some recommendations refer to products with respect to the consumers’
health, raising some signals regarding threats to food safety, which should be looked
into carefully by responsible authorities and also producers. Moreover, the food policies
aimed at alleviating the income inequalities [51] should include serious considerations on
ensuring quality basic food products for the people.

The modifications in consumer behavior are present in the results, with the level of
income significantly influencing the willingness to pay for products with higher perceived
quality, traditional characteristics, or ecologic certified products. In addition, reusable or
recyclable packaging raises particular attention, since the consumers are tending to become
more aware of their personal impact over the environment, and therefore tending to engage
in making sustainable food choices.

Nevertheless, income has a low correlation with milk and dairy store availability,
health-related recommendations for consuming milk and dairy, or the price of the products.
Furthermore, gender has no correlation with the proposed selection criteria for milk and
dairy. Therefore, income has a lesser influence than we assumed for these basic products,
and gender does not differentiate the respondents’ selection criteria.

Some limitations for this study come from the choice of a single studied country, as
well as the study of a particular moment in time instead of longitudinal research. However,
these are future paths for developing the research which we also invite fellow scholars
to pursue.
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The significance of this study resides in the considerable number of respondents, their
answers serving well in forming research hypotheses for a larger, statistically significant
study, both in number of respondents and in structure of the respondents. Nevertheless,
the results should be of particular interest to marketers and producers in the milk and
dairy industry, as knowing the needs and expectations and the purchasing power of the
consumers is important in their activity. Therefore, offering a variety of qualitative milk
and dairy products of national origin at fair prices and available in large stores should be a
priority for the market players in this field. Other actors who should be interested in the
results of this study are the public authorities, especially in the food sector. Knowing the
fears or uncertainties regarding the food safety of the people is particularly important, as
are the practical solutions of providing support for low-income people to have access to
quality food products.
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Abstract: Food, agriculture, and labeling, affecting the environment are well connected concepts,
the balance between them being determined not only by pedological and climatic factors or the
development level of agricultural techniques, but also by national governments and international
organizations’ food processing, trade policies and regulations. In this context, the European Union
(EU) encourages the use of different food quality schemes: “Protected Designation of Origin” (PDO),
“Protected Geographical Indication” (PGI), and “Traditional Specialty Guaranteed” (TSG) to protect
producers of special-quality foods and assist consumers in their purchasing decisions. This review
examines existing studies on the impact of these labels on customers behavior. A total of 32 studies
were found and systematized. The papers were selected if they featured unique empirical research
on consumer perceptions of any of PDO, PGI and TSG labels. Using the search strategy, a literature
analysis was performed based on papers extracted from Web of Science, Springer Link, Emerald
Insights, and Science Direct. Although these papers highlight quite diversified findings, the interna-
tionally used labels play an increasing role in contemporary society and pandemic conditions caused
by COVID-19, thus making the quality schemes relevant in consumer decision-making processes.

Keywords: “Protected Designation of Origin” (PDO); “Protected Geographical Indication” (PGI);
“Traditional Specialty Guaranteed” (TSG); “Geographical Indication” (GI); EU quality labels; con-
sumer behavior

1. Introduction

Agriculture is of vital importance to the society, environment, and economy of the Eu-
ropean Union [1]. Proper environmental conditions support agricultural activities, allowing
farmers to use natural resources, create products and earn their living. In addition, agrarian
income sustains farmers and families in rural communities, while agri-food strengthens
society [1,2].

The next decade, starting with 2021, represents the transition to “smart” food that
is more efficient, healthier, and greener, as it is obtained from the “smart” agriculture
system [3]. The agricultural policies of the EU are based on specific measures regarding
the development of entire food chains, from production and distribution to consumption,
aiming at reducing food waste [4]. Public policies will have a pivotal role in protecting
the availability, accessibility, and quality of agri-food products [2]. Therefore, agri-food
products that are certified with quality schemes represent an ideal food product because
they are manufactured from raw materials, being developed according to specific pro-
duction methods, and technologies in a well-defined geographical area. These products
are characterized by natural factors of production, traditions and/or specific historical
procedures developed over centuries that cannot be replaced [5].
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Thus, the supply chain of environmentally friendly products becomes a preferential
reference point for both producers and consumers and allows a redefinition of financial
support instruments to increase the efficiency of production and distribution processes,
especially those affecting the environment [6]. Therefore, small and medium-sized com-
panies located in different areas of the EU represent the ideal framework for quality food
production (such as Geographical Indication or organic), which could move towards an
economically and socially sustainable solution [6].

In the European Union, product names are protected by registering them in so called
“quality schemes”, which means that they entail unique characteristics such as a certain
geographical origin, traditional manufacturing technologies and/or long-lasting prac-
tices [7]. Quality schemes have the following features: (1) most production stages must
be implemented in a delimited geographical area, (2) the recipe after they are manufac-
tured is authentic (mixture of ingredients); the raw materials are original, the production
process is traditional and/or contains specific features for that region, (3) are available
on the market for at least 50 years and (4) share a part of the gastronomic heritage of a
society/community [7,8].

The EU’s geographical indication system thus provides protection for products names
from various regions around the world, which have some unique features or enjoys a stable
reputation, depending on the territory where they are produced. Geographical indica-
tions include “PDO—Protected Designation of Origin” (food and wine), “PGI—Protected
Geographical Indication” (food and wine), “GI—Geographical Indication” (for alcoholic
beverages) [7]. Other quality certification systems highlight the traditional production
process (“Traditional Specialty Guaranteed”)—TSG—or some products that are made in
more challenging areas, such as mountains (mountain products). When considering the
characteristics of PDO and PGI, the main differences relate to the proportion of raw materi-
als (at least 85 percent) that are usually common for the area where they come from, but
also on the production stages, that must be implemented in the considered geographical
region. GI is typical for spirits and aromatic wines [7].

The PDO quality label represents a proper reference for the manufacturing place of
agri-food products. Thus, all transformation stages from the raw materials to the final
product must take place in a particular region. As for wines, the essential condition is
that the raw material (grapes) comes exclusively from the site where the wine will be
produced [7]. The PGI label pinpoints the connection between a certain geographical region
and a certain product brand. In this situation, at least one of the production steps must
be implemented at the place of origin. Concerning PGI-certified wines, 85% of the raw
materials (grapes) must have their origin only in the geographical area where the wine will
be produced [7].

The “Traditional Specialty Guaranteed” (TSG) emphasizes many traditional aspects,
such as the composition and ingredients, a specific recipe, without being necessary con-
nected to any specific geographical area. The name of a registered TSG product protects it
from being falsified or misused [7]. TSG certified agri-food products could be manufactured
by any producer who respects this production method. Their ‘specific’ character refers
to the characteristics that differentiate them from other foodstuffs belonging to the same
category. Even if agri-food products certified with the TSG quality scheme often come from
a particular country or region, their international reputation might result in the interest of
producers from other countries in them [7].

By allowing producer groups to mark and label the origin of their products, quality
schemes provide a means to protect traditional products’ integrity and prevent and avoid
abuse and counterfeiting [9]. Each of these certifications is represented graphically through
logos, after which the certified products can be recognized (Table 1).

Through these logos (Table 1), agricultural producers can communicate the prod-
uct’s characteristics and quality attributes to consumers, thus ensuring fair competition,
intellectual property rights, and an integrated internal market [10,11]. Consequently, the
main benefits for consumers are identified as follows: producers of agri-food products
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certified with quality schemes are required to provide reliable information on the origin of
their products. They must guarantee that the products are authentic goods, not fakes or
imitations (confirmed to the final consumer by the logo attached to the product packaging
and charging a higher price than other foods in the same category). Thus, by purchasing
certified agri-food products, the consumer can recognize products from their region or
other regions [12,13]. In Europe, there are numerous agricultural products and alcoholic
beverages certified with European quality schemes. The table below (Table 2) provides an
official statistic containing the number of products registered and protected with quality
schemes from each country. The first position is occupied by Italy. Figure 1 shows the situa-
tion of PDO/PGI/GI/TSG products by country in descending order (status—registered,
all application type).

As Figure 2 shows, the interest in consumer-focused studies is concentrated across
European countries. This fact is because most of the agri-food products and the alco-
holic beverages certified with European quality schemes are from the territory of the
European Union.

In the light of the above-mentioned arguments, the purpose of this paper is to provide
an outline of what is acknowledged about the perception, willingness to pay, and buying
behavior of food products certified with PDO, PGI, and TSG schemes. At the same time,
there is a lack of studies linking the origin of PDO/PGI/TSG to healthy eating in the context
of COVID 19-pandemic today. This review can serve as a starting point for discussions
about the utility and advantage of these quality schemes as a marketing tool for the
stakeholders involved (from producers to final consumers) to promote market transparency
and food quality in pandemic times.

The following section discusses the materials and methods employed. The third
section describes the results, divided between the jurisdiction and methodologies used by
the reviewed studies. They are sorted according to the declared perception of consumers,
preferences, recognition, and willingness to pay for certified agri-food products, purchasing
and consumption behaviors towards certified agri-food products, and online purchasing of
certified agri-food products. The fourth section presents critical discussions, while the final
section pinpoints the conclusions for theory, the implications for market participants and
public institutions, along with the limitations and further research directions.

Table 1. The different quality schemes of the EU.

EU Quality Schemes Label

“Protected Designation of Origin” (PDO)

“Protected Geographical Indication” (PGI)

“Traditional Specialty Guaranteed” (TSG)

Source: [7].
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Table 2. Agricultural Products, Foodstuffs and Alcoholic Beverages—Status: Registered.

Country

Number of Agricultural Products and Foodstuffs Registered * Number of Alcoholic Beverages Registered *

PDO/PGI TSG
PDO/PGI GI TSG

Wine Spirit Drinks Beers

Austria 16 3 27 9 0
Belgium 16 0 10 10 5
Bulgaria 3 6 54 12 0
Croatia 33 0 18 6 0

Republic of Cyprus 9 0 11 2 0
Czech Republic 30 1 13 0 0

Denmark 8 0 5 0 0
Estonia 1 0 0 1 0
Finland 7 2 0 2 1
France 258 2 437 53 0

Germany 93 0 45 35 0
Greece 113 1 147 15 0

Hungary 28 2 38 12 0
Ireland 8 0 0 3 0

Italy 313 6 526 34 0
Latvia 3 4 0 0 0

Lithuania 7 2 0 7 0
Luxembourg 4 0 1 0 0

Malta 0 0 3 0 0
Norway 2 0 0 2 0

Netherlands 11 5 18 5 0
Poland 34 11 0 2 0

Portugal 140 2 40 11 0
Romania 9 1 53 9 0
Slovakia 13 3 9 1 0
Slovenia 23 4 17 4 0

Spain 200 4 140 19 0
Sweden 8 2 0 3 0
Turkey 7 0 0 0 0

United Kingdom 69 6 5 5 0
TOTAL 1466 67 1617 262 6

Note: * Agricultural Products, Foodstuffs and Alcoholic Beverages—Status: Registered until 29 January 2022.
Andorra and Iceland: 1 food PDO/PGI quality scheme; the Russian Federation: 1 Spirit Drinks quality scheme;
Serbia and Switzerland: 1 Wine quality schemes; Belarus: 2 food PDO/PGI quality scheme. Source: [14].
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Figure 2. Geographic heatmap based on revised literature jurisdictions. Source: Own development.
Note: The range of 1 by 8 is the maximum number of revised studies from a country.

2. Materials and Methods

Using the search strategy reported by Campos et al. [15] and Grunert and Aaachman [16],
a literature analysis was performed through a combination of the following keywords
(Figure 3) in Web of Science, and others relevant international databases according to their
international visibility and authors library access (Springer Link, Emerald Insight, Science
Direct). The main research directions identified are composed of the consumers’ perceptions
about certified agri-food products, preference, recognition, willingness to pay, and purchasing
and consumption behavior of certified agri-food products. More recent studies discussing
the online purchasing of certified agri-food products are also reviewed.

Figure 3. Keywords cloud. Source: Own development.

The initial search generated 79 papers, of which 37 titles fit the considered criteria (see
Table 3), therefore being further analyzed. The publications were evaluated to pinpoint if
they deal with one or more of the registered EU quality schemes. The papers were selected
only if they featured unique empirical research on consumer perceptions of any of PDO,
PGI and TSG labels. These publications were retained for further analysis only if they
fulfilled simultaneously the eight methodological criteria proposed by Campos et al. [15]
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and Olbrich et al. [16]. The final set of papers included in the present systematic literature
review consist of 32 publications.

Table 3. The methodological criteria.

Criterion Possible Outcome

1. “Is the research question well stated?” Y/N
2. “Is the sample/population identified and appropriate?” Y/N
3. “Are the inclusion/exclusion criteria described and appropriate?” Y/N or N/A
4. “If applicable, is the participation rate reported and appropriate?” Y/N or N/A
5. “Is the same data collection method used for all respondents?” Y/N
6. “Are important the variables, well measured, valid, and reliable?” Y/N or N/A
7. “Is the outcome defined and measurable?” Y/N
8. “Is the statistical analysis appropriate?” Y/N or N/A

Note: Y states for Yes; N states for No; Y/N states for Not applicable. Source: [15,16].

3. Results

In implementing the research scope, the main results of the conceptual framework
are reviewed. The results are divided between the jurisdiction and methodologies used
by the reviewed studies; and they are sorted according to the following: the declared
perception of consumers from the identified papers about certified agri-food products,
preferences, recognition, and willingness to pay for certified agri-food products, purchasing
and consumption behaviors towards certified agri-food products, and online purchasing of
certified agri-food products.

3.1. Jurisdiction and Methodologies

The 32 revised articles (Table 4) originate from the following jurisdictions: Italy, Poland,
Lithuania, Slovakia, Romania, Ukraine, Hungary, Spain, Portugal, Greece, Germany, and
South Korea. The online questionnaire represents the most used study tool. The papers
also used PAPI and CAWI surveys, Eurobarometer surveys, online consumer databases,
and household journals conceived by consumers participating in the study. Regarding the
analyses applied, cross-sectional analysis, Partial Least Square path modelling, multi-group
analysis, Structural Equations Modelling, Web content analysis, ANOVA, and eMICA
analysis were mainly used. The samples on which the studies were conducted are various
and range from 150 respondents to 35,000 respondents. The certified agri-food products
with quality schemes on which the studies were carried out are mainly olive oil, wine, meat,
and cheese. Most of the studies reviewed focused on all three labels: PDO, PGI, and TSG.
The rest of the studies performed analyses based on agri-food products certified either with
PDO or TSG.

Table 4. Journals and citations of the reviewed literature.

Title Authors
Journal

of Publication
Publication

Year
Total

Citations *

How Much Do Consumers Value Protected
Designation of Origin Certifications? Estimates of
Willingness to Pay for PDO Dry-Cured Ham in Italy

Garavaglia, C.; Mariani, P. Agribusiness
(New York)

2017 29

PDO Labels and Food Preferences: Results from a
Sensory Analysis

Savelli, E.; Bravi, L.;
Francioni, B.; Murmura, F.;

Pencarelli, T.

Br. Food J. 2021 3

Premium Private Labels Products: Drivers of
Consumers’ Intention to Buy

Martinelli, E.; De Canio, F. Int. J. Bus.
Manag.

2019 1

Consumers’ Trust in Greek Traditional Foods in the
Post COVID-19 Era

Skalkos, D.; Kosma, I. S.;
Vasiliou, A.; Guine, R. P. F.

Sustainability 2021 1

Perceived Risk Factors Affecting Consumers’ Online
Shopping Behaviour

Tham, K. W.; Dastane, O.;
Johari, Z.; Ismail, N.B.

J. Asian Finance
Econ. Bus.

2019 60

Consumer Reactions to the Use of EU Quality Labels
on Food Products: A Review of the Literature

Grunert, K.G.; Aachmann, K. Food Control 2016 183
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Table 4. Cont.

Title Authors
Journal

of Publication
Publication

Year
Total

Citations *

Gastronomy as a tourism resource in the province of
Alicante

Martínez, A.A.;
Fernández-Poyatos, M.D.

Int. J. of Sci.
Mgmt. and

Tourism

2017 N/A

Promotion of Regional and Traditional Products Oleksiuk, I.; Werenowska, A. Środ. Stud. Polit. 2019 1

Premium Private Labels and PDO/PGI Products:
Effects on Customer Loyalty

Martinelli, E.; De Canio, F.;
Marchi, G.; Nardin, G.

Advances in
National Brand

and Private Label
Marketing.

2017 4

Organic and Online Attributes for Buying and Selling
Agricultural Products in the E-Marketplace in Spain

Robina-Ramírez, R.;
Chamorro-Mera, A.;

Moreno-Luna, L.

Electron. Commer.
Res. Appl.

2020 13

The Importance of Websites for Organic Agri-Food
Producers

Fernández-Uclés, D.;
Bernal-Jurado, E.;
Mozas-Moral, A.;

Medina-Viruel, M.J.

Econ. Res.-Ekon.
Istraž.

2020 14

Understanding the Role of Purchasing Predictors in
the Consumer’s Preferences for PDO Labelled Honey

Di Vita, G.; Pippinato, L.;
Blanc, S.; Zanchini, R.;

Mosso, A.; Brun, F.

J. Food Prod.
Mark.

2021 1

Generation X versus Millennials Communication
Behaviour on Social Media When Purchasing Food
versus Tourist Services

Dabija, D.-C.; Bejan, B.M.;
Tipi, N.

E+M Ekon.
Manag.

2018 99

EU Quality Label vs Organic Food Products: A
Multigroup Structural Equation Modeling to Assess
Consumers’ Intention to Buy in Light of Sustainable
Motives

De Canio, F.; Martinelli, E. Food Res. Int. 2021 16

Food tourism and regional development: A
systematic literature review

Rachão, S.; Breda, Z.;
Fernandes, C.; Joukes, V.

Eur. J. of Tourism
Research

2019 68

Social media and consumer buying behavior decision:
what entrepreneurs should know?

Palalic, R.; Ramadani, V.;
Mariam Gilani, S.;

Gërguri-Rashiti, S.; Dana, L.

Mgmt. Decision 2021 24

Online Shopping: Factors That Affect Consumer
Purchasing Behaviour

Bucko, J.; Kakalejčík, L.;
Ferencová, M.

Cogent bus.
manag.

2018 56

Expanding the PGI Certification Scheme as a
Marketing Tool in the Olive Oil Industry: A
Perspective on Consumer Behavior

Di Vita, G.; Cavallo, C.;
Del Giudice, T.; Pergamo, R.;

Cicia, G.; D’Amico, M.

Br. Food J. 2021 3

Rural Cooperatives in the Digital Age: An Analysis of
the Internet Presence and Degree of Maturity of
Agri-Food Cooperatives’ e-Commerce

Cristobal-Fransi, E.;
Montegut-Salla, Y.;

Ferrer-Rosell, B.; Daries, N.

J. Rural Stud. 2020 46

A Study on Agrifood Purchase Decision-making and
Online Channel Selection according to Consumer
Characteristics, Perceived Risks, and Eating Lifestyles

Lee, M.K.; Park, S.H.; Kim, Y.J. Asia-Pacific j. of
Bus. Venturing

and
Entrepreneurship.

2021 4

Protected Designation of Origin (PDO), Protected
Geographical Indication (PGI) and Traditional
Speciality Guaranteed (TSG): A Bibiliometric Analysis

Dias, C.; Mendes, L. Food Res. Int. 2018 68

Understanding the Real-World Impact of
Geographical Indications: A Critical Review of the
Empirical Economic Literature

Török, Á.; Jantyik, L.;
Maró, Z. M.; Moir, H. V. J.

Sustainability 2020 14

The importance of “origin” for online agrifood
products

Scuderi, A.; Sturiale, L.;
Timpanaro, G.

Quality—Access
to Success

2015 16

Geographical Indications, Public Goods, and
Sustainable Development: The Roles of Actors’
Strategies and Public Policies

Belletti, G.; Marescotti, A.;
Touzard, J.-M.

World Dev. 2017 211

Product versus Region of Origin: Which Wins in
Consumer Persuasion?

Luceri, B.; Latusi, S.; Zerbini, C. Br. Food J. 2016 30

Importance of Regional and Traditional EU Quality
Schemes in Young Consumer Food Purchasing
Decisions

Angowski, M.;
Jarosz-Angowska, A.

Eur. Res. Stud. 2020 1

25



Sustainability 2022, 14, 1667

Table 4. Cont.

Title Authors
Journal

of Publication
Publication

Year
Total

Citations *

A Study on Consumer Characteristics According to
Social Media Use Clusters When Purchasing
Agri-food Online

Lee, M.K.; Park, S.H.; Kim, Y.J. Asia-Pacific j. of
Bus. Venturing

and
Entrepreneurship.

2021 N/A

Estimating the Market Share and Price Premium of GI
Foods—the Case of the Hungarian Food Discounters

Jantyik, L.; Török, Á. Sustainability 2020 10

Consumers’ Awareness of the EU’s Protected
Designations of Origin Logo

Goudis, A.; Skuras, D. Br. Food J. 2021 4

The Role of Intrinsic and Extrinsic Characteristics of
Honey for Italian Millennial Consumers

Blanc, S.; Zanchini, R.;
Di Vita, G.; Brun, F.

Br. Food J. 2021 3

Consumer Preferences Regarding National and EU
Quality Labels for Cheese, Ham and Honey: The Case
of Slovenia

Kos Skubic, M.; Erjavec, K.;
Klopčič, M.

Br. Food J. 2018 22

Social Marketing: A New Marketing Tool for the Food
Sector

Elghannam, A.; Mesías, F. J. Advances in
Business Strategy
and Competitive

Advantage

2017 1

* Total citations in Google Scholar on 20 January 2022. N/A if no citation was reported.

3.2. Perception about Certified Agri-Food Products

To obtain market success, products must benefit from a positive overall image among
target segments, exhibiting a proper added value and/or providing certain qualities that
meet or exceed consumers’ expectations [5,17]. Consumers are regarded as a subject more
interested in the symbolic or cultural value of certified agri-food products than in their
intrinsic functions and utilities [18]. Consumers are considered active players in the market,
where they exercise their freedom to move in search of products, but also gain experiences
through which they can express their identity [5]. Looking for options to fulfill their
expectations and desires, consumers are looking for food quality in terms of product
origin, uniqueness, respect for the environment, animal welfare, traditional manufacturing
process, taste, providing growth opportunities for small businesses operating in the niche
market, the so-called “restricted food”, a term that refers to local, certified foods [19]. Other
papers [20–22] reflect that agri-food products certified with quality schemes are perceived
positively by consumers, as they contribute to improving their health condition, their
quality of life, strengthening them and ensuring that with increasing age consumers are
still fit. As regards the geographical delimitations, consumers from southern European
regions tend to associate more often the term “traditional food” with their culture or
history [23]. Agri-food products are consumed on some typical occasions, like on certain
holidays and/or seasons, knowledge about that being generally transmitted from one
generation to another. Such products are usually manufactured precisely after some certain
procedures, being part of the gastronomic heritage of a region or an ethnic group [19], with
little or no processing/handling of the original receipt and known for its sensory properties.
Furthermore, these products are often associated with a clear delimited geographical
area [19]. On the other hand, consumers from central and northern Europe tend to focus
mainly on practical issues, such as convenience, health, or the ease and speed of purchasing
food [24]. Some consumers consider PDO/PGI labels to be organic, while every second
consumers are unsure whether PDO/PGI certified foods are produced without fertilizers
and other chemicals [25,26].

3.3. Preference, Recognition, and Willingness to Pay for Certified Agri-Food Products

The recent literature indicates a renewed consumer interest in certified agri-food prod-
ucts [19,27]. A concern about consumers’ perception of certified products is the willingness
to pay higher prices than for the non-certified alternatives [28]. These consumers realize
that “origin” cannot be always considered a determining factor in consumer choices com-
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pared to cost, safety, and nutrition [29]. The concepts that help explain the correlation
between quality labels and willingness to pay depend on factors such as the geographical
area investigated, the consumer’s residence concerning the production area, consumer de-
mographics, GI label awareness, and product type [29]. At the same time, consumers who
know the region to which the certified products refer or feel a certain attachment towards
them, tend to be more optimistic about the products labeled PDO/PGI/TSG, thus also
exerting a higher willingness of paying even a price premium [30–32]. Because consumers
identify certified products with customs and heritage passed down from generation to
generation, traditions cannot be exported. These certified products outside their “area of
influence” may not have the emotional attachment of experience [31,33]. Studies measuring
the awareness and recognition of quality labels among European consumers conclude that
consumers from Sweden, Denmark, Finland, and the Netherlands, but also France, Italy,
Spain, Greece, Portugal have a higher likelihood of recognizing quality labels and their
logos [34,35]. This is due to the collaborative activities between European producers, which
target consumers in these countries.

3.4. Purchasing and Consumption Behavior of Certified Agri-Food Products

The reviewed studies set out the different concepts that explain consumers’ motiva-
tions to buy traditionally produced agri-food products, certified with quality schemes.
Regarding the decision to purchase certified agri-food products by young consumers,
while recent studies reveal a relatively small significance of EU quality schemes in food
purchasing decisions taken by young consumers [36,37]. Young consumer behavior is
strongly influenced by globalization, social media, online behavior, and current trends,
as they frequently do not differentiate between quality schemes such as PDO, PGI, and
TSG [37]. Young consumers’ most important determinants of food choice are product
prices, freshness, and shelf life of products, but also convenience [33,37]. Consumers at-
tribute a higher value to a PDO label than to a PGI. The preference for buying the PDO
label over the PGI one might be explained by the fact that consumers tend to perceive
PDO as a certification that firmly guarantees the production, processing, and preparation
of agri-food products in a well-established geographical area [38,39]. Perceived quality
associated with extrinsic attributes (such as quality, brands, labels, design, information on
use and benefits, authenticity, commitment to the environment, cultural ties) significantly
influences the purchasing of certified agri-food products [22,27]. Older consumers with
higher education and above-average incomes show an increased preference for certified
products with quality schemes [21].

3.5. Online Purchasing of Certified Agri-Food Products

Information and Communication Technology (ICT) has developed as the new frontier
for organizations in various industries, as well as agriculture, thus being considered a
strategy that will bridge the gap between producers and consumers [40,41]. Therefore,
the agri-food sector needs to increase its competitiveness, and be able to respond quickly
to the ever-changing consumer needs and desires, thus satisfying him/her and properly
communicating the extrinsic and intrinsic added values of certified agri-food products
through online stores developed for modern customers [42,43]. Social networks represent a
channel from which consumers take relevant information for their next purchase decisions;
consumers are often more influenced and trust strangers and online influencers than
official representative of companies [44,45]. The shopping decision is strongly influenced
by online reviews and recommendations from blogs, forums and/or social networks [46].
Agricultural cooperatives take information about consumers, which they integrate into their
communication strategies, and inform customers about certified agri-food products [47–49].
Such organizations are usually aware of the importance that the territory of origin (physical,
sensory, and cultural) of certified agri-food products and production techniques plays for
consumers, thus representing strong values that might trigger consumers preferences [42].
Furthermore, agricultural cooperatives must go beyond their traditional presence, thus
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encouraging online interaction and collaboration, connectivity, and giving consumers
the possibility to find and share information and gain knowledge about certified agri-
food products [50]. For instance, cooperatives that produce and sell olive oil, fruit, and
wine are more recently aware of the importance that their online communication plays
for consumers purchase intention [50–52]. Online shopping causes consumers to behave
differently concerning the intangibility of the product [53,54].

While in on-site shopping, the information comes from the sensory examination of
the product, online shopping is determined by other factors: the customer’s intention
to buy, the influence of friends and family, consumer personality, but also knowledge
and curiosity [53,55]. The attitude of buying online food products is also improved by
extrinsic factors, such as the quality of the website (design, content, and navigation),
product availability, ease of use, which positively affect the purchase intention [54,56–58].
Consumers who purchase certified agri-food products online would like to have access to
information on the environmental impact and sustainability of products, in addition to the
unique properties and characteristics of agri-food products [53,59–61].

The aspects and findings presented in the previous sub-sections of the Results are
summarized in Table 5.
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4. Discussion

Even though the studies covered use various methodologies and provide contradictory
results, this systematic review reveals several common features that stand in line with previous
research [16,62–65], indicating that the understanding about certified agri-food products are
mixed. In line with previous studies, were identified consumers that consider that the food
quality is not verified [25,26]. Thus, there are consumers that trust the meaning of these
certifications and choose to buy a more traditional healthy food product [20,21,23,24,35,66].

The “area of influence” is one of the most crucial factors for selling certified products;
the emotional attachment of experience that each product comes with could help consumers
refine the natural taste. This represents a major objective for certified product, to keep
its taste, smell, and/or nutritional qualities. Several studies [19,23,24,67] showed that
the culture of the geographical delimitations influences the perceptions about certified
agri-food products. The certified agri-food products have an advantage for consumers who
know the product’s region, so the certification proves that the product is created strictly
in that region it kept its originality. In southern Europe tend to associate them with the
terms “traditional food” and “brand-name”; this is seen more often in combination with the
concepts, culture, or even history, heritage, and customs passed down from one generation
to another. From the past, we can learn about the types of food that our ancestors were
eating without any chemicals for growing. The central and northern Europe regions tend
to focus more on the practical benefits of product convenience, health, or purchase access
in another area of Europe.

The “origin” of the product is not always the determining factor in consumer choices.
Many consumers consider that the nutritional aspects, cost, and safety sometimes come first
when choosing the right product for their needs. Education, income, and globalization are
factors that influence the consumption behavior of certified agri-food products. Consumers
with above-average income and higher education show more interest in the certified
product with quality schemes. On the other hand, we have the “young generation” the
consumers strongly influenced by globalization and the current trends. They do not
differentiate between certified agri-food products. The most critical factors that determine
the young consumer to purchase are nutritional factors, freshness, and price. Young
consumers caring about their health choose the most suitable product to pay as economical
as possible and get the best outcome for their budget [21,27,36,37,68].

In both the on-site and online environment, we can find different factors that help
the consumers choose the right product for their needs. In the on-site situation, we see
distinct influences from extrinsic and intrinsic influential factors. Most of the time, the
extrinsic factors that influence the purchasing decision of the certified agri-food product
are the purchasing environment around the products, such as the shelf arrangement and
even the type of store. Regarding intrinsic factors, we have the smell, package, nutritional
information about the product, the price, the colors. On the other hand, in the Online, we
have a different set of influential factors that are much more of a technical nature, such
as the User Experience (UX) of the website, the speed, the colors, and most important
aspects like the delivery duration, information about the product (description of the quality
schemes and logos, area of production, etc.), the online support of the website [47–49,51–54].
These are some of the factors that help in choosing the right product online. One of the
essential elements that online shopping offers to customers is package delivery. In 2022, the
world is starting to change towards a new era of packaging where cheap and efficient is not
enough anymore. A package should be ergonomic, safe, recyclable, and, most important, a
storyteller for the brand and its products.

During the COVID-19 pandemic, consumer preferences have leant toward certified
foods whose origin is known. Thus, the PDO label begins to become a choice for consumers
concerned about their health and a diet that supports their immune system [66,69–71].
Moreover, the traditional shopping system has been altered, so consumers tend to buy
healthy food online [72,73]. Although the price of certified agri-food was higher, there is a
preference for certified food products with quality schemes among the consumers [71,74].
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Also, by consuming products of this type—of controlled origin, certified by the EU, the
health can be maintained, and the body’s immunity can be increased. In COVID-19
and pandemic restrictions, the consumers’ food must be safe when human movement is
restricted due to regulations. Thus, they must have an appropriate quality, respectively, to
have a controlled origin [66,69,70].

5. Conclusions

In 2021, perception of success in the food market is about exceeding the consumer
expectations, providing them with much better quality than they have asked, providing
package, information, and a premium feeling about the product. These details help to reach
a positive opinion about the certified agri-food products. EU quality labels were introduced
as a consumer decision-making tool. Still, they are also a way of controlling food, as the
logo’s appearance ensures that the product can be traced back to a specific manufacturing
area and to a specified know-how process. EU quality schemes can thereby potentially
reduce confusion about food purchases, assuring the customer of the certified agri-food
products’ uniqueness and nutritional qualities. The on-site and online environment is
trying to draw attention to more specific aspects that can bring quality to food products,
such as certifications, animal welfare standards, and respect for the environment. In both
climates, one can highlight different types of influence trying to make the final customers
self-generate the mindset that “eating healthy” might be understood as “living healthy”.
The influential factors are all about sharing as much quality information as possible with the
customer: nutritional information, region of production/origin, price, package, colors. The
“young generation” is powerfully influenced by globalization, social media, Internet, green
behavior, and current trends, through which they can be educated about the importance of
consuming quality products, what effect it has over their body in the long term, and what
conduct they should adopt to have a healthier life in a healthfuller community.

5.1. Implications for Market Participants and Public Institutions

Nationally sustained by different post-COVID-19 strategies, the PDO, PGI, and TSG
certifications would have, as a result, the increased level of health of the population. One
of the solutions would be to encourage local producers to apply for this certification. The
food products with the certification PDO, PGI, TSG have a better impact on consumers’
health because of their pure ingredients and the lack of artificial chemicals. Consuming
a healthy, non-altered, and natural product is one of the leading health benefits of these
products. Moreover, these review results are helpful to different government agencies and
companies to improve their promotion strategies towards these types of certifications that
verify quality and tradition.

5.2. Limitations and Further Directions of Research

There are certain limitations to our research. The search strategy may have omitted
pertinent material that brings the possibility that removed articles include information
that could affect our conclusions. Given the prevalence of the PGI and PDO certification
schemes, more research into the TSG quality certification scheme is required. More research
is necessary on consumer behavior regarding PGI, PDO, and TSG food products, consider-
ing the variances between nations or areas. Since there is a focus on examining certified
products susceptible to some form of agro-industrial production, such as meat, cheese,
wine, and olive oil, perception and consumption behavior of certified fruit or vegetable
varieties could provide a viable path for further directions of research. In addition, more
research is needed to link certified food products with the European quality schemes to the
health benefits they can provide in pandemic times, relying on educating consumers about
the value and benefits of these certified products with quality schemes.
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Abstract: The profitability of dairy farms is a broadly addressed issue in research, for different farming
systems and even more so now, when it comes to the issue of sustainability in different agricultural
fields. The present study presents an evaluation of the relations used for the determination of
profitability of various categories of dairy farms, in terms of size, geographical area, and total milk
production. In order to analyze the associated influence exerted on the level of profitability by the
selected technical and economic indicators, regression functions were applied. The TableCurve
program was used to determine the ideal equation that describes the data entered in a two- or
three-dimensional representation. The research results showed that the size of farms and the level
and value of milk production are directly correlated with profitability, and the unit cost is inversely
correlated with it.

Keywords: farm profitability; milk production; regression functions

1. Introduction

Economic efficiency is one of the key prerequisites for ensuring the competitiveness
of any business regardless of the economic sector of production or position in the value
chain [1]. Kingwell R. (2011) [2] showed that profitable farming systems are often large,
complex, highly technologized, and involve time-consuming activities even for high-skilled
managers. The farm productivity derived from production technology properly adapted to
given conditions determines the financial results, and these influence strategic decisions
regarding further development or, in some cases, to cease operations [3].

Previous studies [4] have demonstrated that higher intensification of agricultural
activities significantly increases production efficiency. Profitability of the farm can be
achieved by improving the input–output ratio and also by increasing income based on
expanding production capacity, thus aiming to achieve competitive agricultural systems [5].

The modern farmer must be a skilled manager, selecting different investment opportu-
nities so as to obtain as high a profit as possible, while fully developing human capital and
observing environmental protection rules, all at the same time [6]. The available resources
and the existing capacities of a given farm determine its development plans [7]. In order
to be competitive, farmers need to be constantly aware of changing circumstances and
have the ability to adapt to changes in the economic environment [8]. Proper management
strategies can only be implemented based on detailed analysis of farm indicators.
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The economic sustainability of milk production, as in other economic activities, is
measured using the net profit indicator [9,10]. A good understanding of the influence of
each cow’s contribution to farm profitability can lead to improved dairy farm manage-
ment [11]. There are a variety of interconnected factors that affect the efficiency of dairy
farms, including management decisions, genetic factors, feed self-sufficiency, and animal
welfare [12].

The profitability of dairy farms also depends on the efficiency of feeding, associated
with the milk production obtained [13]. Farm profitability is influenced by fluctuations in
prices for various inputs, especially feedstock, which have the highest share on expenditure,
as well as the volatility of finished-product prices [14]. Low-performing farms have low
milk production, unbalanced feed ratios, and low forage area. Large farms have higher
turnovers and are more productive because they use better technology; at the same time,
they are more specialized in production activity [15].

Economies of scale are one of the factors influencing the economic efficiency of milk
production and economic sustainability [16]. Small farmers have limited bargaining power,
so in order to become more competitive in the market a change of scale and the development
of innovative capacity are needed [17].

Economic sustainability can also be achieved by limiting the number of dairy cows to
those that can be fed mainly with forages from the farmer’s own farm [18]. Another important
factor influencing the economic performance is the labor force and its productivity [19].

The aim of this study was to evaluate the relations for determining the profitability
of dairy farms of various sizes, with different levels of milk production, with different
allocations of expenditure categories, and located in different areas.

2. Materials and Methods

Data from 54 farms from 20 counties located in all 8 development regions of Romania
were used. Most of the farms (23) were located in the South-Muntenia Region of Romania.

The total sample of dairy cows from the 54 farms was 3966 heads, calculated as the
average number of milking cows for the end of the years 2018, 2019, and 2020, without
taking into account other age and production categories of cattle, which were not the subject
of the study. A share of 51.41% were located in the South-Muntenia Region, included in the
largest plain area in Romania. The rest of the livestock composition was as follows: South-
West Oltenia Region—4.56% West Region—1.52%, North-West Region—4.83%, Central
Region—7.72%, North-East Region—18.01 %, South-East Region—1.24%, and Bucharest–
Ilfov Region—10.70%. The average farm size calculated for the period 2018–2020 was
73.44 heads, with a minimum of 5.0 cows and a maximum of 568.3 cows.

Total milk production from the 54 farms (calculated as an average of 2018, 2019, and 2020)
was 264,465 hectoliters, distributed by development regions as follows: in the North-East
Region 59,080.9 hL (22.34%), in the North-West Region 7261.6 hL (2.75%), in the West Region
3753.8 hL (1.42%), in the South-West Oltenia Region 6248.7 hL (2.36%), in the South-West
Region Muntenia 143,477.8 hL (54.26%), in the Central Region 17,416.1 hL (6.59%), in the South-
East Region 1925.7 hL (0.73%), and in the Bucharest–Ilfov Region 25,280.4 hL (9.56%) (Figure 1).
The average milk production on the farm in the period 2018–2020 was 4554.94 L/cow, with a
minimum of 2600 L/cow and a maximum of 9633.3 L/cow.

Data collection from farms encountered some difficulties, primarily due to the fact
that it took place during the COVID-19 pandemic with restrictions on mobility and social
distancing, so that the originally planned interviews could not be conducted directly
on farms, but were conducted mostly by phone. Another challenge was related to the
availability of farmers to provide information on different categories of expenditure or
delivery prices of products, even though their identity was anonymized. The questions
in the questionnaire referred to the landform of the area where the farm was located, the
livestock number for the 3 years, milk production, maintenance system, farm equipment,
feed rations, different categories of expenses, sale of production, etc.
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Figure 1. Milk production from case studies, by counties. Source: authors’ illustration, using map
chart on geographical regions in Excel.

For each of the 54 farms, the annual estimates of expenditures and the annual budgets
of revenues and expenditures of the farms were calculated. The average estimate and the
average budget for the 3-year period were calculated.

The structure of the estimated variable expenses included the following elements:
feedstock, biological material (heifer value), energy and fuel, medicines and medical
supplies, other material expenses, supply quota, and insurance. In addition, the fixed costs
included labor costs, general costs, interest on loans, and depreciation.

Based on the elements of the estimate and the data provided by the farms on the
capitalization of the main production (milk) and secondary production (calf, manure, and
animal slaughtering), the revenue and expenditure budget was prepared.

The technical–economic indicators calculated were: value of production, value of
main production, total costs, costs for main production, variable costs, fixed costs, unit cost,
profit or loss per unit of product, taxable income rate, threshold in value units, threshold in
physical units, and exploitation risk rate, using the following relationships:

Value of production VQ = VQm + VQs, in which: VQm—value of main production,
VQs—value of secondary production.

Total costs TC = VC + FC, in which: VC—variable costs, FC—fixed costs.
Costs for main production MC = TC − VQs
Variable costs VC = FoC + EnC + MedC + OC + SupC, in which: FoC—forages costs, EnC—

energy and fuel costs, MedC—medicines costs, OC—other material costs, SupC—supply costs.
Fixed costs FC = LabC + GC, in which: LabC—labor costs, GC—general costs.
UC = MC/MP, in which: MP—main production
Total profit TPr = VQ − TC
Profit or loss per unit of product Pr/l = TPr/MP, in which: TPr—total profit.
Net profitability rate NPrR = (TPr/MC) × 100
Margin on variable costs MgVC = VQ − VC
Margin on variable costs MgVC% = MgVC/VQ × 100
Profitability threshold in value units PrThv = (FC/MgVC%) × 100
Profitability threshold in physical units PrTrph = PrThv/UP, in which: UP—unit price.
Exploitation risk rate ERR = PrThv/VQm
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In order to analyze the associated influence of different technical and economic indica-
tors of dairy farms on the results regarding profitability, the TableCurve program was used,
which can determine the ideal equation, and, respectively, the representative regression,
which describes the data entered. Thus, the relationships between two calculated indicators
were illustrated by the resulting curves, and the relationship that includes three indicators
was integrated into a spatial model.

3. Findings and Discussions

3.1. Distribution of Farms in Case Studies

In order to study the dairy farm size distribution, to compare them with the normal
distribution (Gaussian curve) and to highlight the strength of dairy farm size, a graphical
representation of the sample was performed, as well as statistical analysis of data.

As can be seen from Figure 2, the physical size of dairy farms in the sample analyzed
in the case studies showed a different distribution than normal, with most farms measuring
herds between 5 and 100 heads.

 

Figure 2. Distribution of the physical size of dairy farms. Source: authors’ own elaboration.

Figure 3 shows the clustering of farm size in the sample.

 

Figure 3. Clustering the size of farms in the sample.

By farm size segments, the average milk production was as follows: in the category
below 20 heads, in which 25 farms were included, the average milk production was
3910.67 L/cow, at 21–50 heads (13 farms) was 4471.79 L/cow, at 51–100 heads (10 farms) it
was 4328.33 L/cow, and in the category over 100 heads (6 farms), it was 7797.22 L/cow.
The smallest size segments, below 100 heads, with yields below 4000 L, generally had
the lowest values of profitability indicators, high operating risk rates, and negative safety
indices. They also had among the highest unit costs and the lowest labor productivity.
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Data related to the size of the farm were analyzed and interpreted with descriptive
statistical indicators. Thus, were determined in Table 1 these indicators related to the data
string, and, respectively, physical size of the farms.

Table 1. Determination of descriptive statistical indicators for farm size.

Farm Size

Mean 73.44444
Standard Error 17.71771
Median 24.5
Mode 18.66667
Standard Deviation 130.1981
Sample Variance 16,951.53
Kurtosis 6.98522
Skewness 2.81767
Range 563.3333
Minimum 5
Maximum 568.3333
Sum 3966
Count 54

Source: authors’ own elaboration.

Regarding the average of the farm segment taken into analysis, it was of 73.4 heads
per farm, with a standard error of 17.7. However, the median was 24.5 heads. Regarding
the homogeneity of the data, they were not homogeneous, with a standard deviation of
± 130 heads, which caused very large variation. However, the study aimed to cover as
many classes of farm size as possible.

The indicators that study the data distribution, the vaulting (Kurtosis) and the asymmetry
(Skewness), were aligned, and at the same time confirmed the graphical distribution in
Figure 4. The vaulting coefficient showed a positive value, well above the zero value of 6.98,
which describes a leptokurtic distribution. Similarly, the symmetry coefficient confirmed the
graphical representation, reaching a value of 2.81, which causes asymmetry to the left.

 

Figure 4. Farm size in the case studies. Source: authors’ own elaboration.
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3.2. Centralized Data Analysis

Following the analysis of the 54 dairy farms, it was possible to centralize the technical
and economic indicators with the help of the simple arithmetic mean, as well as the standard
deviation (Table 2).

Table 2. Determining the averages of technical–economic indicators.

Specification Unit Avrg
Standard
Deviation

Farm size cows 73.44 130.2
Average production L/cow 4554.94 1809.3

Value of main production USD/L 0.38 0.12
Costs for the main production USD/L 0.37 0.10

Variable costs USD/L 0.32 0.05
Material costs USD/L 0.30 0.05

Fixed costs USD/L 0.10 0.05
Labor costs USD/L 0.08 0.05

Labor productivity in physical expression Man-hours/L 0.06 0.0
Labor productivity in value expression USD/man-hours 10.52 10.96

Labor costs at 1000 RON total production USD 48.08 21.35
Material costs at 1000 RON total

production USD 178.12 23.37

Expenses per 1000 RON main production USD 243.28 24.20
Profit or loss per unit of product USD 0.00 0.05

Taxable income rate % 0.2 10.0
Net income rate % −0.1 9.4

Profitability threshold in value units USD 1937.84 761.98
Profitability threshold in physical units L 5506 3048.7

Exploitation risk rate % 146.6 132.7
Security index −0.5 1.3

Source: authors’ own elaboration. Note: AVRG—average, L—liter.

The size of the farms in the analyzed segment varied between 5.0 heads per farm and
568.3 heads per farm, registering an average of 73.44 heads per farm, with a variation of
130.2 heads (Figure 4).

In terms of per capita yield, there was an average milk production of a minimum 2600 L
of cow’s milk per head and 9633.3 L of cow’s milk per head, with an average of all the farms
in the study of 4554.94 L/cow, and a standard deviation from this average of 1809.3 L.

Differences in the prices obtained from the sale of milk relate both to milk sold to the
dairy processing industry [20] and to milk marketed directly on the market, as drinking milk,
as cheese, or through milk dispensers. The value of milk production, determined per unit
of product, ranged between 0.27 USD (1.10 RON)/L and 0.88 USD (3.67 RON)/L, with an
average value of 0.37 USD (1.56 RON)/L, and a standard deviation of 0.12 USD (0.5 RON)/L.

Analyzing the expenses, there was a variation between 0.27 USD (1.13 RON)/L and
0.71 USD (2.94 RON)/L. On average, the level of expenses was 0.37 USD (1.55 RON)/L,
with a deviation of 0.09 USD (0.4 RON). Thus, it was possible to identify an increase in
the lower limit of expenditures compared to the value of production, exceeding the latter.
Farms with the lowest production values run the risk of not being economically sustainable.
Comparing the standard deviation for the value of production (indicator related to price)
and the standard deviation for the expenses related to a liter of milk (indicator related to
cost), it was found that there were no significant differences, with the deviation for the value
of production being ±0.12 USD/L, and in the case of expenses being ±0.09 USD/L. Thus,
even if the price varied quite a bit (±32%), unfortunately the costs also varied similarly
by ±25.8%, which indicated that the production technologies were influenced fairly high
by both external factors and by the cost elements, and the cost was also influenced by the
level of production, being in an almost linear relationship with it [21]. Nutrition strategies
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and good breeding practices can also contribute to increasing the efficiency of animal
production [22].

The structure by elements of expenditures, depending on the farm size—small-, large-,
and medium-sized farms—is illustrated in Figure 5.

 

94%
77% 66%

6%
23% 34%

0%

20%

40%

60%

80%

100%

MIN AVRG MAX

Variable expenses Fixed expenses

Figure 5. Expenditure structure according to the minimum, maximum, and average size of the farm.
Source: authors’ own elaboration.

When analyzing the structure of costs, it could be observed that, for the smallest farm
in the sample (five dairy cows), the share of variable costs represented 94% of total costs.
On the other hand, for the largest farm in the sample (568 dairy cows), the share of variable
expenditures was 66% of total expenditures. Management costs for large farms were much
higher than for small farms. On average, which was 73 dairy cows, the share of variable
expenditures per farm and per unit of product was around 77% of total expenditures and
the share of fixed expenditure was 23%.

As viability and economic sustainability indicate the ability of the farm to operate
longer and to grow, labor productivity indicators in relation to output are also impor-
tant [23]. Directing funds to investments that improve labor productivity encourages
sustainable practices on dairy farms [24]. Labor productivity in dairy farms is determined
by a number of factors, including, for example, the volume of manual labor and the de-
gree of mechanization. Large-scale dairy farms have higher labor productivity than other
farms [25]. The indicator can be expressed in physical units of product, or in value units.
The productivity of work in physical expression ranged between 0.01 man-hours per liter
and 0.17 man-hours per liter, with an average working time to obtain a liter of milk of 0.06
man-hours. The productivity of labor in value terms ranged between 8.27 RON/man-hours
and 208.37 RON/man-hours, but, on average, in one hour of work a worker produced milk
in value of 43.56 RON. The size of the farms in the analyzed segment varied between 5.0
heads per holding and 568.3 heads per holding, registering an average of 73.44 heads per
farm, with a variation from the average of 130.2 heads (Figure 4).

In order to ensure economic sustainability in conditions of market competition, a
proper decision making plays a key role [26]. Economic sustainability can also be deter-
mined on the basis of the costs related to the value of the main production. In this situation,
there are three indicators, shown in Figure 6.

Expenses per 1000 RON main production characterizes more strongly the degree of
economic sustainability. This indicator shows the share of expenditure in the value of
production, the rest representing the share of profit. Labor costs ranged from 3.07% to
48.66%, with an average of 19.9%. The high shares of this indicator were affected by the
extreme data from certain case studies in the sample, in which the average production was
only 2600–2700 L/cow, with farm sizes below 12 heads.
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Figure 6. Determining the economic sustainability of farms based on costs and the value of production.
Source: authors’ own elaboration.

Cheng, S., Zheng, Z., and Henneberry, S. (2019) [27] showed that, compared to large
farms, smaller farms consume more labor force, and for higher yields, more labor efforts,
inputs, and precision technology are necessary. Productivity changes are more important
for smaller farms and require further modernization of technology, with a certain balance
between own and borrowed capital [28].

Analyzing the expenses with materials, they oscillated, with weights between 46% and
91.5%. A key indicator associated with maximizing farm-level profitability is the proportion
of forages purchased [29], as the forages accounts for the largest share of material costs.
An increase in feed prices increases the cost of milk [30], and thus profitability will be
negatively affected.

Finally, analyzing the total expenses related to 1000 RON main production, it was
observed that the most efficient farm registered a level of expenses of 786 RON to obtain
a value of milk production of 1000 RON, which can be concluded as having an added
value of 21.4%. On the other hand, the most economically inefficient farm was the one
that had to make a financial effort of 1242 RON to produce milk worth 1000 RON, which
obviously led to a loss for that farm. In general, on average, it was observed that the level of
expenses incurred to obtain a milk production of 1000 RON was higher than this threshold
by 7 RON, which suggested that, on average, the farms studied do not make a profit per
unit of product, being at a slight loss, mainly due to low levels of milk production.

3.3. Correlation of Farm Size with Production, by Landforms

In order to determine the influence that dairy farm size may have on total production,
a regression equation can be applied between these two variables, with the farm size
being the independent variable and total production as the dependent variable. Thus,
following the graphical representation of data and the point cloud, the regression line
and the corresponding equation can be identified. This correlation was made for each
geographical area included in the case study farms (plain, hill, mountain).

Regarding the influence that the farm size can have on the milk production for the
24 farms located in the plain area, it was observed that the Pearson correlation coefficient
between variables was very high, being 0.97, and the coefficient of determination was 0.949 as
can be seen from Figure 7. This suggested that the dependent variable (milk production) is
explained in a proportion of 94.8% by the independent variable (farm size in the plain area).

Analyzing the regression equation, it can be observed that the value of the independent
variable coefficient is 8228.5 units. Thus, it was estimated that at an increase of one unit in
the independent variable, the dependent variable will increase by 8228.5 units. In other
words, for farms located in the plain area, an increase in the size of the farm by one cow
results in an increase in total production by 8228.5 L of milk.
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Figure 7. The correlation between farm size and total production for the 24 farms located in the plain
area Source: authors’ own elaboration.

Regarding the influence that the size of the farm can have on the milk production for
the 14 farms located in the hill area, it was observed that Pearson correlation coefficient
between variables was very high, being 0.99, and the coefficient of determination was 0.986,
as can be seen in Figure 8. This suggested that the dependent variable is explained in a
proportion of 98.5% by the independent variable.

 

Figure 8. The correlation between farm size and total production for the 14 farms located in the hill
area. Source: authors’ own elaboration.

In the regression equation, the value of the independent variable coefficient was
9624.6 units. It can be estimated that at an increase of one unit in the independent variable,
the dependent variable will increase by 9624.6 units. In other words, for the farms in the
hilly areas, an increase in the farm size by one cow results in an increase in total production
by 9624.6 L of milk.

Regarding the influence that the farm size can have on the milk production for the
16 farms located in the mountain area, it was observed that, between the variables, the
Pearson correlation coefficient was very high, 0.99, and the coefficient of determination
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was 0.987, as can be seen from Figure 9, suggesting that the dependent variable is 98.7%
explained by the independent variable.

 

Figure 9. The correlation between farm size and total production for 16 farms located in the mountain
area. Source: authors’ own elaboration.

The regression equation in this situation presented the value of the coefficient of the
independent variable of 6137.7 units. This means that at an increase of one unit in the
independent variable, the dependent variable will increase by 6137.7 units for this model.

The influence of the main production value on the farm profit level was illustrated
using the applications in the TableCurve program, in which a nonlinear regression was
used (Figure 10), described by the ideal equation:

y =
a + bx + cx2lnx + dx

lnx + ex0.5 (1)

with 95% confidence limits. The value of the coefficient of determination (r2) was very high,
given the objective of the program, namely, to identify the function that passes through most
points, so this coefficient was 0.94, and r2 adjusted of 0.93 assumes, in this case, that the
dependent variable (profit) is explained by the independent variable (the value of the main
production) in a proportion of at least 93%. Such a high coefficient of determination determines
a very strong correlation coefficient (r) of 0.969, indicating a strong relation between variables
(Figure 10). The value of the statistical parameter Fstat is approximately 194.9, being much
higher than the value of the parameter Fcritical, in this case F0.05; 1; 53 being 4.023. Therefore,
the null hypothesis of equal means between variables is rejected, the quadratic mean inter-
group being higher than the quadratic mean intra-group, and it can be concluded that there is
a statistically significant difference between the means of the sample.

The resulting curve illustrated that as the value of the main production increases, so
does the size of the farm’s profit. In any agricultural activity, farmers pursue the efficient
use of factors of production in order to maximize profits [31,32]. Furthermore, the welfare
conditions of cows, associated with a higher level of milk production, are reflected in
higher economic margins for the farm [33]. However, technical conditions are not the most
important determinant of the level of profitability and price fluctuations also influence
farm profits [34]. Prices are the main contributor to income risk, along with the level of
milk production [35].
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Figure 10. The equation of the value of main production influence on the level of farm profit. Source:
authors’ own elaboration.

As the net income of the farm is also influenced by its size, the comparison of farms of
different sizes can be problematic if this aspect is not taken into account [36]. The influence
of farm size on the level of financial results, namely, profit or loss, was described by the
ideal equation:

y = a + bx0.5 + cx + dx1.5 + ex2 + f x2.5 + gx2.5 + hx3.5 (2)

with 95% confidence limits. The value of the coefficient of determination (r2) was very
high, given the objective of the program to identify the function that passes through most
points, so this coefficient was 0.867 and r2 adjusted of 0.84, which means, in this case, that
the dependent variable (profit) is explained by the independent variable (farm size) in a
proportion of at least 84%. Such a high coefficient of determination results in a very strong
correlation coefficient (r) of 0.931, which indicates a strong link between the variables.

Yan, J., Chen, C., and Hu, B. (2019) [37] found that the relation between farm size
and profit efficiency in agricultural production is illustrated by a U-shaped curve. In the
present study, the curve of this equation indicates that the profit of the farm is in a directly
proportional relationship to the size of the farm (Figure 11). In fact, large dairy farms have
higher economic sustainability. Therefore, they are more likely to operate for medium and
long periods of time [38]. However, in the case studies, there were also smaller cow farms
which obtained comparable profits to larger farms [39], which indicates that the farm size
is not the sole factor in determining the level of profitability.

Ferrazza, R.A., Lopes, M.A., Prado, D.G.O., Lima, R.R., and Bruhn, F.R.P. (2020) [40]
concluded that the intensification of activities is the main determinant of economic results,
milk production per cow being the most positive indicator correlated with profitability. In
addition, the above-mentioned authors pointed out that the profitability of milk production
depends in particular on the price of milk, so that it is particularly important to allocate
inputs efficiently, thus contributing to the economic sustainability of dairy farms.
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Figure 11. The equation of the influence of farm size on the level of profit. Source: authors’
own elaboration.

Illustrating the correlation between the total milk production of the farm and its profit,
the curve of the regression equation alternates two convex segments with two concave
segments, but on an ascending path, according to the relation:

y = a + bx0.5 + cx + dx1.5 + ex2 + f x2.5 + gx + hx3.5 + ix4 (3)

with a probability of 95% (Figure 12). The value of the coefficient of determination (r2) was
very high, given the objective of the program, namely, to identify the function that passes
through most points, so that this coefficient was 0.907 with an r2 adjusted of 0.88, which
means, in this case, that the dependent variable is explained by the independent variable in
a proportion of at least 88%. Such a high coefficient of determination results in a very close
correlation coefficient (r) of 0.952, which indicates a strong link between the variables.

 

Figure 12. The equation of the influence of total milk production on the level of profit. Source:
authors’ own elaboration.
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Hadrich, J.C. and Olson, F. (2011) [41] demonstrated that a single indicator may not
capture the aspects of farm size and performance and that several indicators should be
used. Therefore, studying the concomitant influence of two variables, namely, farm size
and total milk production, on the farm profit level, a three-dimensional illustration of the
regression equation is obtained as:

z = a + bx + clnx + dx2 + e(lny)
2 + f xlny + gx3 + h(lny)

3 + ix(lny)
2 + jx2lny (4)

with r2 calculated of 0.92, r2 adjusted of 0.90, and 95% probability, indicating that farm
profit increases in direct proportion to farm size and total milk production (Figure 13). The
value of the statistical parameter Fstat is approximately 57.86, being much higher than
the value of the parameter Fcritical, in this case F0.05; 2; 52 being 3.18. Therefore, the null
hypothesis of equal means is rejected and it can be concluded that there is a statistically
significant difference between the means of the sample.

Figure 13. The equation of the influence of farm size and total milk production on the level of profit.
Source: authors’ own elaboration.

The judicious use of production management factors, such as farm size and milk
production, has a positive impact on farm profitability [42].

The application of the TableCurve program to highlight the correlation between farm size,
unit cost, and profit level produces a three-dimensional illustration of the regression equation:

z = a + bc + cy + dx2 + ey2 + f xy + gx3 + hy3 + ixy2 + jx2y (5)

with r2 calculated of 0.94, r2 adjusted of 0.93, and 95% probability, indicating that farm profit
increases in direct proportion to farm size and is inversely related to unit cost (suggested
by the concavity of the graphical representation) (Figure 14). The value of the statistical
parameter Fstat is about 80, being much higher than the value of the parameter Fcritical,
in this case F0.05; 2; 52 being 3.18. Therefore, the null hypothesis of equal means between
variables is rejected, the quadratic mean inter-group being higher than the quadratic mean
intra-group. Thus, we conclude that there is a statistically significant difference between
the means of the sample.
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Figure 14. The equation of the influence of farm size and unit cost on the level of profit. Source:
authors’ own elaboration.

Lukas Kiefer, Friederike Menzel, and Enno Bahrs (2014) [43] have shown that efficiently
managed milk production creates the potential to optimize farm income. The calculation
of efficiency in milk production should account for unit costs [44] and their minimizing.
Dairy farms need to find ways to ensure that their production cost is lower than the market
price of milk, and that the strategy to increase the farm size allows reduction in production
costs [45]. It is necessary for farmers to periodically analyze milk production, production
costs, and profit in order to identify those favorable factors that may contribute to increasing
the profitability of their activities [46]. The exact knowledge of the cost of production by
the farmer is a management tool [47]. In terms of unit cost of production, large farms have
much lower costs, on average, than smaller farms [48].

The difference in production technology and inputs could be an explanation for the
difference in productivity between large and small farms, given the same prices relative
to inputs [49]. Studies by Yu Sheng, Alistair Davidson, Keith Fuglie, and Dandan Zhang
(2016) [50] show that farmers who respond to changing technologies and prices by replacing
different inputs thus gain “income effects”. In order to ensure economic sustainability,
managerial effort and technological investment is needed to increase the daily average of
milk production without increasing the average variable cost [51]

4. Conclusions

Analyzing from the perspective of profitability, there are rates of return between about
−20% and +10%, and in the sample analyzed, thus, it can be concluded that several dairy
farms were not profitable in the analyzed period.

The increase in the physical size of the farm, no matter the geographical area, positively
influenced the milk production. However, in the mountain area the increase in production
was slower than for plain and hill areas.

A graphical representation of the profitability of dairy farms was elaborated. The
farms with a low value of main production had a small increase in profit, while when the
value of main production increased, the profit growth became slower. Further, as the value
of production increases, the curve indicates an exponential evolution of the profit.

In determining the farm’s profit equation based on the farm size, it was found that
in the case of small farms, the increase in livestock leads to a relatively small increase in
farm profit, and subsequently, once the size of 400–450 cows is exceeded, the increase in
numbers will lead to an exponential increase in farm profits.

The statistical analysis that describes the farm profit equation according to the total milk
production led to an almost sinusoidal graph, actually formed of several connected Gaussian
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curves. Therefore, the profit of the farms increased with the increase in production, up to the
moment when the increase in production involved a high level of costs to support it, so that
the profit turned into a loss when the level of expenses exceeded that of income. Subsequently,
the situation replicated, at a higher level of total production and profit, and so on.

The graphical representation of the multiple regression of farm profit indicated that the
highest profit values were recorded when the farm size and milk production were as high
as possible. This situation is usual for large and very large farms, but it must be pointed
out that most farms in this study owned between 5 and 100 cows. Furthermore, most of
the small farms had a fairly high unit cost, being in a situation of economic inefficiency,
but the highest profit was recorded in terms of a low unit cost and a high physical size of
the holding (ideal case, encountered in the case of large and very large holdings). At the
same time, there are quite high profits in the case of medium-sized farms with the lowest
possible unit costs.
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Abstract: The article analyses the problems of food waste and responsible consumption that include
taking into account environmental-social-health and economic impacts of products and services. The
study raises the research question related to whether people consume food responsibly. Analysis of
research literature sources, systematization, synthesis, generalization, quantitative research and data
processing methods were used in the article. The questionnaire was arranged on the pollimill.com
website, and the link was shared with selected possible respondents. The survey was carried
out in Lithuania and in European countries. The survey sample is equal to 1080 respondents
(566 respondents from Lithuania and 514 from Italy, Poland, Latvia, Germany and France). A simple
random sample was used in this research. The survey highlighted that the majority of respondents
in the survey state that food is not often wasted. In addition, findings show that the population of
Lithuania emits slightly less food than the population of the European countries participating in the
survey. These findings could be crucial for the future green directions from the side of policymakers.

Keywords: sustainable production; responsible consumption; food waste; Europe

1. Introduction

The EU and the EU countries have to reach by 2030 their Sustainable Development
Goal 12.3 target to halve per capita food waste at the retail and consumer level, and reduce
food losses (according to the EU actions against food waste). Around 88 million tons of
food waste are delivered yearly in the EU. According to preliminary calculations, every
EU citizen throws away about 173 kg of food every year that could still be consumed [1].
For example, in Lithuania, the amount of food waste in the mixed municipal waste is
about 15%, with an average of 41 kg of food waste per person per year; on the other hand.
75 million tons of bio-waste from municipal waste is created every year across Europe. It is
crucial that recycling of bio-waste has to take place in order to meet the overall recycling
target of 65% of municipal waste by 2035 [2].

The problem of food waste is relevant throughout the food supply chain, from the pro-
duction of agricultural products to storage, processing, transport, trade and consumption [1].
Food waste poses environmental, ethical, and economical questions, and shows the need to
change our food system.

Food waste prevention is included in the EU’s plan for a circular economy, which the
European Commission defines as where “the value of products, materials and resources
is maintained in the economy for as long as possible, and the generation of waste [is]
minimised”. This strategy aims to improve competitiveness, promote sustainable growth,
and create new jobs [3].

The revised 2018 Waste Framework Directive adopted on 30 May aims to reduce and
monitor food waste and report back regarding progress made. Therefore, Member States
have to:
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• implement food waste prevention programs;
• promote food donation and other redistribution, prioritizing human use over animal

feed and the reprocessing into non-food products as part of measures taken to prevent
waste generation;

• deliver incentives for the application of the waste hierarchy, such as facilitation of
food donation.

The crucial starting point of responsible consumption is awareness (behavior and
attitude) of the impacts of consumption. Therefore, this paper aims to investigate whether
people consume food responsibly.

The paper is presented in the following structure: the next section presents scien-
tific analysis on the food waste issue. Then, research methods are described, and later
main results and findings are presented. Finally, discussion and conclusions, with some
suggestions for future research, close the paper.

2. Literature Review

Food waste is a global problem and it happens when food is left unused due to poor
commercial appearance, or leftovers from uneaten food that are not composted. A common
cause of food wastage is improper food storage—it spoils. Another is consumer shopping
habits, and in some countries oversupply. Waste of food means any food lost due to spoilage
or waste [4,5]. Thus, the term “wastage” encompasses both food loss and food waste [6].
Food waste is defined as food lost in any food supply chain. The food is then discarded and
not used for any other productive use, e.g., animal feed or seeds. The FUSIONS framework
defines food waste as “food and inedible parts of food removed from the food supply
chain” that is to be disposed of (e.g., crops ploughed back into the soil, left unharvested or
incinerated, food disposed of in sewers or landfill sites, or fish discarded at sea) or used for
nutrient recovery or energy generation (e.g., through composting, or anaerobic digestion
and other bioenergy pathways) [7]. Food is wasted in many ways, for example [8]:

• Fresh produce that deviates from what is considered optimal (e.g., size, shape or color)
and is removed during sorting actions.

• Foods that are discarded by retailers or consumers when they are close to or beyond
the best before date.

• Unused or leftover food that is thrown out from households or restaurants.

Food losses and waste also impact on other natural resources, many of which are
scarce. Three key related resources are freshwater, cropland, and fertilizers [9]. The problem
of food wastage is multifaceted, ranging from the misuse of arable land, the financial loss to
restaurants and hotels and the discarding of prepared meals by households, while counting
the working time of employees in cooking [10]. Another problem with food waste is that
if food waste is not composted, it emits a lot of methane in landfills—more powerful
greenhouse gases than even CO2. Huge amounts of food emissions contribute to global
warming and climate change. With agriculture accounting for 70 percent of global water
consumption, food waste is also a huge waste of fresh and groundwater resources [11].

Comparing the extent of food waste according to the level of development of countries,
more unused food is discarded in economically stronger countries [9]. However, there is
also a significant amount of food wastage in developing countries, especially in the supply
of food to retail chains. Researchers do not have exact data on how much unused food is
lost to smallholder farms. Also, in developing countries, especially in Africa, storage losses
on farms can be significant, although the exact nature of such losses is much debated [9].
But, some research shows that consumers are becoming more socially conscious and are
including ethical considerations in their purchase decisions [12], as well as becoming
increasingly interested in various forms of responsible consumption [13]. Consumers
have more product choices and, therefore, have more opportunities to reveal their social
preferences when making purchase decisions.

Analyzing food waste by different food groups, the authors found that vegetables
(24%) and fruit (22%), followed by cereals (12%), meat (11%) and oil crops (10%) accounted
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for the largest share of food waste. The fish and eggs food groups, which make up the
smallest parts of the food supply chain, also generate the lowest quantities of food waste in
absolute terms, despite the fact that much of these food groups (50% and 31%, respectively)
go to waste [14].

Based on the Lithuanian State Food and Veterinary Service [1], unreasonable food
waste is promoted by:

• Improper planning of purchases and portions of food to be prepared;
• Promotional shopping;
• Lack of knowledge on how to use products marked with the terms ‘best before’ and

‘use by’;
• Standard portions of meals in restaurants and canteens, too little for the consumer

(half a portion) or not a whole portion (omitting any ingredient);
• Challenges for restaurants, canteens, and other catering establishments in planning

for the number of customers (surplus production);
• Exceptional quality requirements and marketing rules for the shape, color, consistency,

etc., of foodstuffs, in particular fruit, vegetables and pastries in retail trade;
• Naturally occurring food surplus during the season;
• Damage to the products or their packaging that does not affect safety during produc-

tion, packaging or transport;
• Improper storage/transportation of products;
• Underestimation of production volumes, poor management of raw materials, and

production surplus, etc.

Nowadays, the concept of sustainable consumption is becoming more and more a
major interest of the population and the latter make more conscious food purchasing
decisions [15]. Indeed, increasing awareness towards environmental issues and climate
change led society to the formation of sustainable consumption habits [16]. However,
Ganglmair-Wooliscroft and Wooliscroft [17] argue that also external factors such as govern-
ment regulations, business initiatives, and geographic characteristics determine consumers’
behavior, including food consumption as well as recycling.

On the other hand, Block et al. [18] prove that consumers are often mistaken in
estimating the consumption that is the basis of raising food waste. In the line with this,
numerous initiatives have been launched in order to benefit from the remainder of these
products. For instance, food waste valorization to hydrogen on the one hand reduces the
harmful impact on nature, decreasing the quantity of spoiled food in the environment and,
on the other hand, the alternative energy source is generated by transformation of biogas
that can replace fossil fuel or produce electricity [19,20]. Additionally, it is economically
feasible [21].

According to [22], the right tools for reducing food loss and waste have the potential
to increase the sustainability of food supply chains. For this reason, authors suggest
government to finance the relevant infrastructure for recycling disposed products and
consumers’ education for shifting towards responsible consumption including earlier
food donation. Similarly, Sundin et al. [23] prove the environmental feasibility of food
donation calculating a double of the benefit comparing to anaerobic digestion. Kumar and
Dholakia [24] see the huge role of the firms to change consumers’ behavior. Authors argue
that firms have a power to promote innovative thinking, address consumers’ environmental
identity as well as brand assurance, and edit consumers’ choices.

It is noteworthy that the COVID-19 pandemic has influenced consumers’ food pur-
chase decisions, their management and consumption that, in turn, has reduced the house-
hold waste [25,26]. Nowadays, 81% of consumers make a list before shopping and check
the expiration date of the product that is almost double of the number before pandemic [27].
The increased awareness about food waste and its impact on the environment lead the
reduction in the quantity of spoiled and thrown products even if purchases have increased
during the COVID-19 pandemic [28–31].
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In this context, as claimed by a recent research [32], a holistic 4Es Ethical, Equity,
Ecological and Economic approach can be useful for better handling food loss issues
along the agri-food chain from upstream to consumers by changing the entrepreneur and
consumer approaches. Finally, the spread of the pandemic has been leading society to
re-think the manner in which we produce and consume food by facing new future green
global challenges [32,33].

3. Research Methodology

The quantitative research method was used in the research. The questionnaire was
prepared on the pollimill.com website, and the link was sent to respondents. Regarding
the criteria, only those respondents who had an internet connection could participate in
the study. The research was guided by ethical principles: the principle of goodwill is
ensured by the statements of the questionnaire, which are presented in a respectful style,
without creating preconditions for respondents to lose privacy; applying the principle
of respect to the individual, the purpose of the study was explained to the respondents;
volunteering is the free will of study participants to participate or not to participate in
a study; research participants were guaranteed anonymity and data confidentiality. The
collected empirical data were processed using the SPSS 20.00 (Klaipeda university, Klaipėda,
Lithuania) (Statistical Package for the Social Sciences). The data processing descriptive
statistics were used, such as percentiles, mean, mode, and standard deviation. The data
were also processed by independent samples t-test where significant differences are when
p ≤ 0.05. To assess the reliability, or internal consistency, of a set of scale, Cronbach’s alpha
coefficient was used.

The research population. The questionnaire items are based on the analysis of sci-
entific literature and EU strategy on sustainable consumption [28,31,34,35]. The survey
was done in February and March 2022. The respondents were reached during the third
pandemic period by means of internal research mailing lists of the University of Klaipeda
and Foggia [34,35]. The goal was to get as many responses as possible from different
European countries, but in this study we were only able to collect data from these countries.
The study selected this kind of online research to survey consumers in a fast manner,
thus assuring safety and security under pandemic conditions [34,35]. The items of the
questionnaire were corroborated by a virtual focus of experts in the agri-food-sustainable
field. The survey sample is composed of 1080 respondents. In this survey, 566 respondents
from Lithuania and 514 from other European countries (Italy, Poland, Latvia, Germany
and France) participated. A simple random sample was used in the research. This kind
of sample is a subset of a statistical population in which each member of the subset has
an equal probability of being chosen. Preferably, using random sampling, the sample size
should be larger than a few hundred in order to allow a simple random sampling to be
applied correctly. This method has been selected in order to get as much information as
possible on the analyzed topic.

Principles of compiling the questionnaire. The questionnaire consisted of five-point
ranking scale questions [33]. First, we asked respondents where they usually buy food. The
second and third questions in the questionnaire were designed to find out the respondents’
buying habits, how often they pay attention to certain aspects when shopping and how
often they throw away certain types of uneaten food. Respondents rated the questions on a
five-point ranking scale from 1 to 5, with 1—very often and 5—never. The four questions
explain whether respondents compost the waste, and the last one explains responsible food
consumption habits of respondents. For this question, respondents rated the statements on
a five-point ranking scale from 1 to 5, with 1—strongly agree and 5—strongly disagree [33].

The last four questions were designed to find out the demographics of the respondents,
gender, age, monthly income and country of residence.

Demographic characteristics. The demographical data are provided in Table 1. From
the table we can see that 52.4% of the respondents were from Lithuania, and 47.6% of
the respondents (from Latvia 4.6%, from Poland 12.7%, from Germany 2.3%, from Italy
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18.5%, from France 9.4%) were from other EU countries (see Table 1). As the number of
respondents from different countries is quite different, the data will usually be analyzed
together for other European countries, comparing the data with the Lithuanian data.

Table 1. Demographical data.

Home Country Percent Gender Percent

Lithuania 52.4 Male 33.1
Other EU countries 47.6 Female 66.5
Monthly income Percent Age Percent
Up to EUR 400 12.1 18–25 13.1
EUR 401–600 7.6 26–35 21.3
EUR 601–800 7.8 36–45 28.4
EUR 801–1000 15.5 46–55 19.4
EUR 1001–1400 19.7 56–60 8.9
EUR 1401–1600 7.3 More than 61 years 8.4
More than EUR 1601 30.0

4. Results

The research evaluates the responsible food consumption habits in the daily life of
Lithuanian and other European countries’ respondents. Respondents of the research had to
evaluate items about shopping habits with a range scale, where 1 means that respondents
very often do that, and 5—they never do that. For the assessment of the question scale
internal consistency, Cronbach’s alpha coefficient was used, for a properly composed
question scale should be greater than 0.7. In our case, Cronbach’s alpha coefficient value
ranged from 0.733 to 0.946 (see Table 2). A high Cronbach’s alpha coefficient means that
the items in the questionnaire are highly correlated.

Table 2. Cronbach’s alpha coefficient for different questions groups.

Scale
Cronbach’s
Alpha Coefficient

Number of Statements

Respondents’ shopping habits 0.809 19
Uneaten food waste 0.946 9
Food consumption habits 0.733 6

Analyzing respondents’ shopping habits, we submitted mean and p value. p value
shows the significant differences between countries (significance level is p ≤ 0.05) (see
Table 3). The standard deviation for the analyzed items ranges from 0.290 to 1.010.

Table 3. Respondents’ shopping habits (mean).

Statements Mean Mean Lithuania
Mean European

Countries

Significant
Differences between

Countries
p-Value

I try to buy foods that are packaged in
recyclable containers 2.72 2.70 2.53 p = 0.001 < 0.05

I prefer organic foods 2.47 2.26 2.48 p = 0.000 < 0.05

I am planning purchases, I am making a list 2.21 2.34 2.08 p = 0.847 > 0.05

I buy products with a promotion, even if it was not in
my plan 2.98 3.05 2.81 p = 0.039 < 0.05

Buy products that are about to expire (because they
are usually cheaper) 3.60 3.74 3.44 p = 0.445 > 0.05
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Table 3. Cont.

Statements Mean Mean Lithuania
Mean European

Countries

Significant
Differences between

Countries
p-Value

When choosing foods, I pay attention to the
composition of the product 2.20 2.22 2.18 p = 0.086 > 0.05

If only there is an opportunity to choose bulk foods 2.90 2.74 3.07 p = 0.404 > 0.05

When buying, it does not matter to me whether the
appearance of the product is non-standard (e.g.,
cucumber curved, or tomato with a different shade
but not spoilage)

2.62 2.46 2.80 p = 0.001 < 0.05

I choose foods of local origin 2.19 2.14 2.24 p = 0.000 < 0.05

I choose imported food 3.11 2.95 3.29 p = 0.001 < 0.05

I choose more expensive foods 3.05 2.90 3.23 p = 0.135 > 0.05

I choose the foods advertised 3.44 3.45 3.42 p = 0.805 > 0.05

I buy fresh (unprocessed and not frozen) food 1.99 2.02 1.87 p = 0.017 < 0.05

I buy long-life foods 2.88 2.93 2.82 p = 0.642 > 0.05

I buy fast food products (processed, semi-finished) 3.45 3.46 3.45 p = 0.542 > 0.05

I buy frozen food 3.19 3.08 3.31 p = 0.296 > 0.05

I shop as much as I need for the day 3.33 3.34 3.32 p = 0.157 > 0.05

I buy for a longer period (4–5 days) 2.03 2.03 2.13 p = 0.705 > 0.05

When buying food, I pay attention to special signs
(e.g., Fair trade, green dot, etc.) 2.82 2.94 2.69 p = 0.058 > 0.05

Notes: Range scale where 1 means very often; 2 often; 3 rarely; 4 sometimes and 5 never. Significant differences
are when p ≤ 0.05.

The results show that the mean between Lithuania and other European countries
are very similar, but shopping habits are quite different. Respondents were asked to
evaluate their buying habits, how often they pay attention to certain aspects when shopping.
Respondents rated the statements on a five-point ranking scale from 1 to 5, with 1—very
often and 5—never. Research results reveal that most of the respondents only rarely buy
products with a promotion, even if it was not in their plan (2.98); buy frozen food (mean
3.19) or shop as much as they need for the day (mean 3.33). Most of the respondents
sometimes choose the foods advertised (mean 3.44); buy fast food products (processed,
semi-finished) (mean 3.45) or buy products that are about to expire (because they are
usually cheaper) (mean 3.60). Most of the respondents often plan purchases by making a
list (mean 2.21); choosing foods and pay attention to the composition of the product (mean
2.20); choose foods of local origin (mean 2.19); buy fresh (unprocessed and not frozen) food
(mean 1.99) and buy for a longer period (4–5 days) (mean 2.03) (see table).

The independent T sample test discloses the mean difference between country groups,
significant data is in bold. The obtained data show that respondents from EU countries try
to buy foods that are packaged in recyclable containers (p = 0.001 < 0.05); respondents from
Lithuania prefer organic foods (p = 0.000 < 0.05). Respondents from EU countries are more
likely to buy products with a promotion, even if it was not in their plan (p = 0.039 < 0.05).
For a bigger part of respondents from Lithuania, the appearance of the product does not
matter (p = 0.001 < 0.05). The Lithuanian respondents are more likely to choose foods of
local origin (p = 0.000 < 0.05) and buy imported food (p = 0.001 < 0.05). The EU country
respondents are more likely to buy fresh (unprocessed and not frozen) food compared
with Lithuanian respondents (p = 0.017 < 0.05). For other items, country does not have
a significant impact as the p-value is higher than 0.05, which indicates that there is no
statistical difference.

If we look at the overall averages, the data ranges from 1.99 to 3.6 (mean). This shows
that respondents are more likely to agree with the options available for purchase. The majority
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of respondents in both groups choose to buy fresh products and the minority buy products
that will soon expire. It is interesting to note that in both groups, respondents said that they
rarely choose the advertised products (average 3.44), which is somewhat surprising. This
shows that respondents in the survey have an opinion about what they need when they go
shopping, and it is difficult to change their opinion at the store. It is needed to mention
that respondents from both groups go to the stores with a shopping list, plan to do so, and
probably do not throw away unused food. Our respondents also look at the composition of
the product and look if the packaging is recyclable.

We searched for whether there is a statistical relationship between the income received
by the respondents and the place of shopping. However, no statistical dependencies have
been identified. The responses of some higher-income respondents do not differ statistically
from those of lower-income respondents. Respondents usually shop in supermarkets,
it does not depend on the amount of income they receive. There is no statistical link
between low-earning respondents growing their own vegetables or fruits.

We were interested in how often respondents buy food. The results reveal that most of
the respondents buy food on average two to three times a week (Lithuania 26.9%, other
EU countries 20.5%) (Figure 1). Also, a lot of respondents from Lithuania buy food once
a week (16.9%). It is likely that the majority of respondents actually give priority to fresh
produce when shopping several times per week, as mentioned in previous responses.
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Figure 1. Respondents’ frequency of food shopping; Significant differences are when p ≤ 0.05.
Chi-square test p = 0.000 < 0.05.

We searched for a statistical relationship between respondents’ income and shopping
frequency. However, no statistical dependencies have been identified. The responses of
some higher-income respondents do not differ statistically from those of lower-income
respondents. Respondents usually shop two or three times a week, which does not depend
on the amount of income they receive.

The research data reveal that respondents sometimes or never throw away food. The
mean ranges from 3.10 to 4.41. The obtained data show that there are statistically significant
differences between respondents from EU countries and Lithuania (p = 0.000 < 0.05), analyz-
ing the question of what products respondents throw away (see Table 4). Respondents from
Lithuania more often throw away bread products, fruits and vegetables, while respondents
from European countries more often throw away dairy products, meat, fish, pasta, eggs and
sweets compared to respondents living in Lithuania. Both groups of respondents throw
away eggs the least. These responses are also consistent with the responses where we asked
respondents about their shopping habits, showing that respondents do not usually buy
unplanned groceries.
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Table 4. Data on food waste.

Statements Mean
Mean

Lithuania

Mean
European
Countries

Significant Differences
between Countries

p-Value

Milk and milk products 3.92 4.05 3.79 p = 0.000 < 0.05
Meat products 4.08 4.20 3.96 p = 0.000 < 0.05
Bread products 3.71 3.95 3.46 p = 0.000 < 0.05
Fruit 3.72 3.89 3.53 p = 0.000 < 0.05
Vegetables 3.70 3.86 3.53 p = 0.000 < 0.05
Fish 4.26 4.40 4.11 p = 0.000 < 0.05
Grains, pasta 4.31 4.51 4.08 p = 0.000 < 0.05
Eggs 4.41 4.60 4.20 p = 0.000 < 0.05
Sweets (cakes, biscuits, candies, etc.) 4.20 4.25 4.14 p = 0.000 < 0.05

Notes: Range scale where 1 means very often; 2 often; 3 rarely; 4 sometimes and 5 never. significant differences
are when p ≤ 0.05.

It is quite a big problem when people make unnecessary food, buy unplanned or order
too much food in restaurants or cafés and do not consume it, and then they just throw it
away. We asked respondents to evaluate some statements related with this. The research
data reveal that the respondents are quite sustainable consumers, they disagree with most
statements and the mean ranges from 2.57 to 4.10 (see Table 5). Significant differences
between two groups of respondents are seen in four statements. Research results show that
respondents from European countries are less likely to order too much food in cafes than
respondents living in Lithuania, however, these differences are very small. The Lithuanian
population is less likely to use food products that have an expiration date and are less likely
to buy products at a discount, although they do not consume them later and discard food
less often depending on the seasonality of the year.

Table 5. Food consumption habits.

Statements Mean
Mean

Lithuania

Mean
European
Countries

Significant
Differences between

Countries
p-Value

I make too much food (and have to
throw it away) 3.77 3.71 3.81 p = 0.089 > 0.05

I order too much food in a
cafe/restaurant (which I do not eat
and then leave)

4.10 4.09 4.12 p = 0.020 < 0.05

If I order too much food in a
cafe/restaurant, I ask that I take it
away (I eat it at home later)

2.57 2.58 2.56 p = 0.058 > 0.05

I consume products even if they have
expired (e.g., groats, biscuits, etc.) 3.40 3.42 3.27 p = 0.001 < 0.05

I buy unplanned products at a
discount, but I can no longer
consume them

3.98 4.06 3.89 p = 0.000 < 0.05

I throw more food depending on the
season (e.g., summer) 3.71 3.81 3.61 p = 0.000 < 0.05

Notes: Range scale where 1 means strongly agree, 2 agree, 3 partially agree, 4 disagree and 5 strongly disagree.
Significant differences are when p ≤ 0.05.

The results revealed that only about 17 percent of respondents compost food waste
(Lithuania 17.5%; Europe 16.6%) (Figure 2). About 13 percent of respondents threw it
together with other waste. A total of 4.4 percent of respondents would not think about it.
A total of 17.4 percent of Lithuanian respondents and 13.5 percent of respondents from
Europe would like to do it, but do not have a chance.
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Figure 2. Results of food composting of respondents; Significant differences are when p ≤ 0.05.
Chi-square test p = 0.467 > 0.05.

Assessing the answers of both groups, it can be seen that a part of the respondents
compost food; a large part of respondents would like to do it, but do not have the chance.
In reality, only 34.3 percent of respondents are not worried about it and it is not relevant
for them. We think the results are really promising. It is clear that it is important for the
majority of respondents in the study not to waste food, while at the same time taking care
of food waste disposal. It is likely that some live in apartments where composting is more
difficult. Composting is an important element in sustainable waste management.

5. Discussion

Wasting food causes environmental and economic inefficiencies. It affects climate
change, emissions, availability of natural resources, deterioration of land conditions, global
hunger and can even be an underlying reason for an economic collapse [36]. The European
Commission is taking the issue of tackling food waste very seriously. Reducing food
waste has enormous potential for reducing the resources we use to produce the food
we eat. Being more efficient will save food for human consumption, save money and
lower the environmental impact of food production and consumption (EU actions against
food waste).

This paper contributes to current debates on food waste management [10,14,37] by
illustrating empirically what negative problems arise from unsustainable food waste.

To this aim, we conducted a study and assessed the food consumption habits of the
European population. We compared the results with Lithuanian food consumption habits.
This study allows to identify the respondents’ shopping habits and the main problems of
food consumption in the EU.

Excessive purchasing, over-preparation and unwillingness to consume leftovers are
some of the main antecedents of food waste [11]. Part of the population does not even know
that their actions are harmful to the environment and influence the economic circumstances
negatively, which can be caused due to their cultural mindset, different traditions and
certain everyday consumption routines. Therefore, having an educational intervention
to increase consumers’ awareness of the importance of green consumption enhances the
general approach towards food management, its preparation and planning processes,
which results in a remarkable decrease in food loss and waste levels [36,38]. Unreasonable
food waste is promoted by improper planning of purchases and portions of food to be
prepared, promotional shopping and so on [1]. Our study highlights that respondents are
quite responsible, they do not make too much food and usually in a café/restaurant they
order as much food as they can eat, but sometimes buy unplanned products at a discount.

In line with other research [11,14], we found that fruit and vegetables are the product
group most commonly wasted. The fish and eggs food groups, which make up the smallest
parts of the food supply chain, also generate the lowest quantities of food waste in absolute
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terms, despite the fact that much of these food groups (50% and 31%, respectively) go to
waste [14,39]. The survey data also revealed that fish, eggs, grains and pasta are wasted
less in the food supply chain.

Our findings also reveal that shopping habits of the respondents are quite different.
Based on some research, customer shopping habits changed during the pandemic and
unplanned shopping increased [34]. Our study revealed that the majority of the respondents
go shopping for food two or three times per week, they plan purchases by making a list.
It is very important to shop smartly and realistically [11].

Composting is an important element in sustainable waste management [40–42]. We
find out that most of the respondents do not compost food, but would like to do that.
In Lithuania, the amount of food waste in the mixed municipal waste is about 15%, with an
average of 41 kg of food waste per person per year. Across the European Union, somewhere
between 118 and 138 million tons of bio-waste arise annually, of which currently only about
40% (equivalent to 47.5 million tons per annum) is effectively recycled into high-quality
compost and digestate [43].

6. Conclusions

The survey found that the majority of respondents state that food is not often wasted.
This makes it a little more optimistic that global food waste and sorting problems will be
addressed through people’s awareness and real action efforts. The results of our survey
show that the population of Lithuania emits slightly less food than the population of
the European countries participating in the survey. Clearly, food wastage is not just a
problem of family-specific intolerance, it is a global food security problem. This problem is
directly linked to climate change, waste sorting and recycling, and other global ecological
and economic or social problems. It is possible to notice the crucial role of educating
and informing people. This should be the responsibility of national governments when
allocating funds to educational programs. These programs should cover all age groups,
from kindergarten to advertisements, flyers and conversations with adults. Adults would
probably best understand and stimulate economic interest, with an emphasis on saving
food and then composting food waste, because, unfortunately, not all adults are able to
adequately assess the effects of climate change and their food supply needs. Consumers
should also purchase food avoiding shopping routines and try to plan their food basket
more so that they do not end up wasting edible food. On the other hand, generally, there are
not many messages towards sustainable consumption in the majority of retailers; the most
famous food retailers arrange communication strategies starting from their commercial
goals rather than toward a zero-waste responsible behavior [44].

However, in line with recent research [25,26], it is possible to notice that the COVID-19
pandemic has affected consumer food habits, their management and consumption that,
in turn, has reduced the household waste. Nowadays, most consumers try to define a meal
list before shopping [27]. This increased awareness about food waste and its impacts on the
environment helps reduce the quantity of spoiled and thrown products even if purchases
have increased during the COVID-19 pandemic [28–31].

In line with [22], results highlight that adequate tools for reducing food loss and waste
can become crucial to make green food supply chains. If, on one hand, it is relevant to
implement infrastructures for recycling disposed products, on the other hand, training and
education can shift habits towards responsible consumption as well as ethical consumption
(i.e., by means of donations and food banks).

One of the best uses of discarded food is feeding livestock, saving precious resources
that would have otherwise been used for producing commercial feed. If the food cannot
be reused at all, we should at least try to recycle or compost it in a responsible manner
instead of sending it to the landfills where it continues to rot [11]. The draft State Waste
Prevention and Management Plan 2021–2027 by the Ministry of Environment of Lithuania
defines tasks and goals for implementing separate collection of food and kitchen waste
by 31 December 2023. High-quality compost used in agriculture has to be made from the
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separately collected bio-waste, and the restoration of areas for the preparation of energy
plant media has to be vulnerable [45]. However, some findings show that people do not
try to compost food and throw it away with other waste. The benefits of composting are
significant: through composting, the quantity of garbage direct to the landfill is reduced,
the organic matter is reused rather than dumped and it is recycled into a useful soil.

Composting can be defined as natural processes of recycling organic products such as
leaves and food scraps into fertilizers that can enrich soil and plants. Recycling food and
other organic waste into compost provides a range of environmental benefits, including
improving soil health, decreasing greenhouse gas emissions, recycling nutrients, and mit-
igating the impact of climate changes. Composting can appear as much as an art as a
science. Recent research and policies about managing wastes and producing food in an
environmental way highlight a new interest in small-scale backyard composting as well as
an interest in developing large-scale commercial and municipal composting systems.

Regarding research limitations, it can be noticed that only those respondents who use
an internet connection and in the network of authors could participate in the study due to
COVID-19 restrictions. The study makes uses also of a random selection of the respondents,
so in the future it would be useful to do research that would cover all age groups and other
demographical characteristics.

Future research direction aims to repeat the survey with as many European respon-
dents as possible, to assess and understand food consumption habits and knowledge in
the food waste chain and to make the widest possible range of consumers aware of the
consequences of irresponsible food waste.
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M.; Lădaru, G.-R.; Munteanu, R.A.;
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Abstract: Sustainable development is a worldwide concern. This paper presents an analysis of the
influence of the final consumption expenditure on the total consumption of households in Romania.
The regression function of the association between “the amount of municipal waste” and “the total
consumption of households” has a direct linear relationship. The regression variable “total household
consumption” (X) has a regression coefficient of −0.03031, which indicates that the amount of
municipal waste decreases by one unit as household consumption increases by 30.31 units. Therefore,
this regression coefficient indicates that the volume of municipal waste decreases by 30.31 tons to an
increase in the final consumption expenditure of households of EUR 1 million. The influence of the
final consumption expenditure of households by consumption purpose on the quantity of municipal
waste is in the following order: health; housing, water, electricity, gas and other fuels; clothing and
footwear; miscellaneous goods and services; recreation and culture; food and non-alcoholic goods;
restaurants and hotels; furnishing and household equipment and routine household maintenance;
alcoholic and tobacco goods; communications; and education. The value of the Significance F must
be less than 0.05. In the case of the model, it is found that this value exceeds the threshold of 0.05
in the case of consumption generated by health services, recreation and culture, restaurants and
hotels, alcohol and tobacco goods, and communications. Regarding the high value of Significance F
in relation to consumption, we find the sectors that generate the least amount of waste (services). In
the case of all of the independent variables, we can note that the relationship is a negative one, which
proves that an increase in the quantity of any expenditure of the households generates a decrease of
the municipal waste quantity.

Keywords: municipal waste; consumption of households; waste management

1. Introduction

Currently, environmental, social and ethical events are occurring with increasing
frequency around the world, resulting in environmental costs and consequences that are
difficult to correct in the short-to-medium term [1].

Waste is an important problem worldwide, as it is generated by all human activities.
Economic growth and technological development have increased the consumption of goods
and services, and the amount of waste. Some studies have shown that sustainable con-
sumption is closely related to the concept of sustainable development and have proposed
three dimensions of the latter for discussion: social, economic, and ecological [2]. In this
case, one of the major concern of states is how to achieve economic growth while decreasing
the quantity of waste. The entrepreneur remains the main facilitator of regional growth,
through the role of the agent of change [3].
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According to the definition of the OECD/Eurostat joint questionnaire, municipal waste
covers household waste and waste similar in nature and composition to household waste
(European Commission, 2016) [4]. According to OECD, municipal solid waste accounts for
only around 10% of total waste, but its management and disposal often account for more
than a third of public sector financial efforts to reduce and control pollution [5]. According
to a report realised by The World Bank (What a Waste 2.0), waste generation is expected
to grow by 70% by 2050, while our global population is expected to grow at less than half
of that rate [6]. The importance of research is given by the need to achieve the objectives
of the Europe 2030 Strategy in terms of reducing the amount of waste, except for major
mineral waste.

Several authors have studied the possibilities of achieving the goals by member states
(SDG). Regarding Romania, Firoiu et al. (2019) analysed 107 indicators and estimated
that only 40 are forecast to reach the EU average value in 2030 [7]. The evolution of the
waste quantity by capita is an important indicator for SDG No. 12 “Ensure sustainable
consumption and production patterns”. Firoiu et al. (2019) mentioned that Romania
has set the following goals for 2030: a gradual transition to a new development model
based on the rational and responsible use of resources, halving food waste per capita at
the retail and consumer levels and reducing food waste in production and supply. The
food waste recycling rate of municipal waste should reach 55% by 2025, and 60% by
2030; the packaging waste recycling rate should reach 65% by 2025, and 70% by 2030;
this should apply to hazardous household waste collection by 2022, hazardous household
waste by 2023, and bio-waste and textiles by 2025; we should establish a binding wholesale
producer responsibility scheme for all packaging by 2024, and implement sustainable green
procurement practices in line with national and European policy priorities [7].

The Waste Framework Directive sets a waste hierarchy, represented as a pyramid. At
the bottom of the pyramid is the prevention action, followed by preparing for re-use, recy-
cling, recovery, and at the top of the pyramid is the disposal action. The Waste Framework
Directive and the Europe 2030 Strategy set objectives for member states, including reducing
the quantity of municipal waste and increasing the recycling rate of municipal waste. Thus,
any scientific approach that can contribute to the analysis of the possibilities for achieving
these objectives proves important. The results of the paper could be useful for the public
authorities (central and local) in their actions for the prevention of waste generation, the
analysis of the evolution of the quantity of municipal waste, and the determination of the
best solutions for influencing the behavior of citizens regarding waste generation.

The novelty of the paper is given by the determination of the influence of the final
consumption expenditure of households by consumption purpose (health, housing, cloth-
ing, restaurant, education etc.) on the quantity of municipal waste. The analysis of these
influences brings benefits to the local public authorities in the elaboration of the manage-
ment plans. The results could also help central public authorities to develop the National
Strategy for the Circular Economy.

The following sections in the paper review the literature in the field of waste, especially
from recent years, and present the study hypothesis and findings regarding the influence
of the final consumption expenditure of households by consumption purpose (health,
housing, clothing, restaurant, education etc.) on the quantity of municipal waste. At the
end of the paper are presented the conclusions of the study, as well as the limitations and
future research perspective.

2. Literature Review

Environmental problems threaten the health and economic prospects of many coun-
tries. One of the important factors causing global warming and environmental degradation
is the generation of waste [8].

Waste is a relational concept: it is a collection of items that no longer have any
value or utility for an individual in a given social context. Due to the ambiguity of these
representations, different actors can see different “wastes” at the same time. For example,
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informal recyclers and libertarians (ideologically motivated people who feed on the waste
of a consumer society) often recycle items from the waste stream for reuse or resale, such as
household items and groceries (in some cases). These potentially usable/saleable items
are initially thrown into the trash stream, indicating a different perception of the value of a
particular item [9].

Waste is generated from a variety of sources, such as domestic, industrial, and commer-
cial sources, and the rate of waste generation is steadily increasing: a common phenomenon
observed in urban centers around the world. It is common to dump rubbish in and out
of cities. Trash can clog sewers (causing flooding during monsoons), curbs and even the
middle of streets, markets, commercial centers, residential buildings and open spaces,
wherever it is found [10].

Countries around the world are working to improve their approach to solid household
waste [11].

Many countries were to temporally postpone their plastic use reduction policies and
plastic waste management strategies [12].

In terms of sustainability, waste management is an activity that shapes environmental
protection. Sustainability has become an internationally adopted development model, with
organizations and individuals acting in accordance with principles and changes [13].

Waste management discusses the “Waste Hierarchy”, which is a concept according
to which different waste management measures are grouped according to both their long-
term impact on the environment and the type of waste category with the lowest impact
on environment. As such, the waste management hierarchy involves: waste prevention,
reducing (minimizing) the amount of waste produced, the reuse of materials, the recycling
(recovery) of waste, conditions of economic efficiency, the energy recovery of waste, the
controlled storage of waste, and the recovery of gases resulting from waste storage [14].

Currently, in the field of municipal waste management, there are various models that
help to highlight deficiencies in the field. However, most of the models identified in the
literature are decision support models, and for model improvement there is research in
which the models are divided into three categories based on cost–benefit analysis, based on
waste life cycle assessment, and based on decision-making criteria [15].

The most popular approaches to municipal waste management are reprocessing, com-
posting, combustion, and landfilling/open dumping [16]. Waste management processes
and standards rely heavily on the operations strategy [17].

According to Han et al. (2018) [18] poor domestic waste management in developing
countries, including a lack of sanitation and inadequate waste disposal facilities, leads
to severe environmental pollution, landscape damage, and even negative impacts on the
health of local people; therefore, these considerations give a topical importance to the
chosen research theme.

As an important part of modern cities, municipal waste management not only aims
to improve the living environment of urban residents but also plays an important role in
preventing resource waste and protecting the overall ecological environment [19].

Various sectors have been affected by COVID-19 and its consequences. The waste
management system is one of the sectors affected by such unpredictable pandemics. The
experience of COVID-19 proved that adaptability to such pandemics and the post-pandemic
era has become a necessity in waste management systems, and this requires an accurate
understanding of the challenges that have been arising [20].

Additionally, given the evidence that COVID-19 spreads through food, food containers
or food packaging, the use of reusable bags is discouraged in order to minimize the risk of
store workers contracting the virus on the surface of the bags [21].

According to the results of the research developed by Yoada et al. (2014) [22], who
studied the domestic waste disposal practice and perceptions of private sector waste
management, it turned out that “93.1% of households disposed of food debris as waste
and 77.8% disposed of plastic materials as waste. The study also showed that 61.0% of the
households disposed of their waste at community bins or had waste picked up at their
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homes by private contractors. The remaining 39.0% disposed of their waste in gutters,
streets, holes and nearby bushes. Of those who paid for the services of private contractors,
62.9% were not satisfied with the services because of their cost and irregular collection.”

Considering that waste management could represent an important aspect for public
authorities in any country, Ahangar et al. (2021) designed a disposal for municipal solid
waste using fuzzy programming, with an impact on the cost through the decrease of the
use of manpower as well as the amount of polution [23].

Different authors have analysed the medical waste supply chain and the opportunity
of investing in environmetal aspects. Some of them consider that the generators of medical
waste would allocate more funds for the suppliers that incorporate environmetal aspects
in their products [24]. In terms of consumption, this has changed recently, as Kearney
(2010) [25] stated in his paper. Changes in agricultural practices in recent years have
improved the world’s ability to feed its population by increasing productivity, increasing
food variety and reducing seasonal dependence. Food availability has also increased due
to higher income levels and lower food prices. This has led to significant changes in food
consumption in recent years.

The COVID-19 pandemic has changed the way people live by requiring people to
work from home. This has increased the home delivery of food and groceries, leading to an
increase in demand for single-use plastic bags and food packaging materials. The use of
online shopping and delivery services has surged during the pandemic [26].

The demand for natural resources has increased enormously in recent decades in the
world, as a result of population growth, welfare and consumption. The highest levels
of wellbeing and consumption were recorded in developed countries. The identification
factors for the higher demand for resources are the increase of the income level, which
allowed the purchase of more products and the wider use of services, the increase in the
number of smaller households, and the changes in lifestyles, which supported the more
individualized purchasing model [27].

Given the significant increase in the population, which puts pressure on resources, obvi-
ously leading to an increase in consumption, there will be some pressure on waste management.

People consume an increasing variety of goods and services produced by industrial
sectors that generate direct and indirect waste. Humans are the main driver of production,
consumption, and the resulting waste [28]. Although waste generation can be directly
attributed to increased consumption, the authors concluded that “75% of Australian house-
hold waste generation is related to indirect waste generation.”

In developed countries, a large amount of food is wasted at the end of the food supply
chain, and according to the existing literature, this is mainly due to consumer behavior,
habits and attitudes [29].

The awareness of environmental issues associated with consumption habits has led
to the more careful use of resources. The Eurobarometer Attitudes of European Citizens
towards the environment shows a positive evolution of the behavior of European citizens.
A larger share of Europeans reported taking measures to improve resource efficiency.
From those presented in relation to the behavior towards the environment, the data of the
Barometer show that in European Union countries, including Romania, there is currently a
positive evolution [27].

3. Study Hypothesis

Given the growing concern of the European Union and, implicitly, of Romania regard-
ing waste management, there is a need to determine the correlation between the amount
of municipal waste and the final consumption expenditure of households in Romania.
Considering the previous research regarding the influence of household consumption on
municipal waste, the hypotheses tested in the paper are the followings:

- The amount of municipal waste and household consumption are interconnected, and
as a society develops, it becomes more aware of the environmental impact of waste
from consumption, and the amount of waste should decrease.
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- The relationship between the final consumption expenditure of households for educa-
tion and the municipal waste quantity presents an inversely proportional relationship.

In order to determine if the hypotheses of the paper are validated, were analyzed the
dynamics of the total quantity of municipal waste from Romania in the period 2000–2020,
as well as the evolution the final consumption of households in the period 2000–2019. Fol-
lowing this analysis, in order to measure the influence of the final consumption expenditure
of households (total and by consumption purpose) on the quantity of municipal waste, was
used the linear regression function. In the same time, the modern lifestyle can generate a
greater waste quantity if governments do not implement a waste management strategy
in order to increase the awareness of citizens regarding the importance of environmental
protection. Lately, e-commerce has increased significantly, especially due to the restriction
imposed by states for the pandemic of COVID-19, and this type of commerce requires
more packaging.

4. Findings

According to OECD (2013), household final consumption expenditure is typically the
largest component of the final uses of GDP, representing in general around 60% of GDP;
it is therefore an essential variable for the economic analysis of demand [30]. According
to the same source, household final consumption expenditure covers all purchases made
by resident households (home or abroad) to meet their everyday needs: food, clothing,
housing services (rents), energy, transport, durable goods (notably cars), health, leisure,
and miscellaneous services [30].

As presented in Figure 1, in 2020, the final consumption expenditure of households in
the European Union was EUR 6,767,546.5 million in current prices, registering a decrease of
7.83% compared with 2019, when the consumption was EUR 7,342,501.2 million in current
prices, the highest value from 2000. From 2000 until 2020, the consumption expenditure of
households in the European Union increased constantly by EUR 873.190 million/year, with
two exceptions: one in 2009, due to the financial crisis from 2008, when the consumption
expenditure decreased by 3%, and the second in 2020, caused by the sanitary crisis gener-
ated by the COVID-19 pandemic, with a decrease of 7.83%. The data series has a standard
deviation of ±0.872 million euro, which determines a variation of ±15%, with the standard
error being 0.19.

Figure 1. Evolution of the final consumption expenditure of households, in the European Union, in
the period 2000–2020.

In 2020, all European Union countries decreased the final consumption expenditure of
their households. Figure 2 presents the decrease of the final consumption expenditure of
households in 2020 compared with 2019 for all European countries. The main key factors
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for household consumption are represented by income, inflation, wealth, and preferences,
etc. The decreases are different from one country to another; the highest decrease compared
to 2019 was registered in Malta, with a 21.13% decrease, while the minimum decrease was
registered in Slovakia, with only 0.30%. According to Broom (World Economic Forum,
2021) and Eurostat, household consumption fell the most in countries with the severest
lockdowns, while lockdowns, social distancing and restrictions on non-essential business
activity reduced household consumption across the EU by 7.83%—an impact not seen since
the 2008 financial crisis [31].

Figure 2. Decrease of the final consumption expenditure of households in 2020 compared with 2019.

The year 2020 was marked by the onset of the crisis caused by the COVID-19 pan-
demic. Starting in March 2020, household consumption has been declining massively.
Figure 3 presents the decreases of household consumption by category in Romania in
2020 compared with 2019 and the most affected categories are restaurants and hotels,
miscellaneous goods and services, recreation and culture, and transportation. The first case
declared to be COVID-19 was registered in Europe on 24 January 2020, in France. According
to Al-Salem et al. (2021), the Maastricht Treaty (1993) guaranteed free movement for the
citizens of Iceland, Norway, Switzerland, the UK and all European signatory countries,
and this freedom of movement led to an acceleration in the transmission of the disease
throughout Europe [32]. As of 17 March 2020, all EU member states had reported cases
of COVID-19, and Italy was the first country to declare a lockdown due to the alarming
increase in cases. Thus, on 18 March 2020, most states in the European Union were in
lockdown [33].

In Romania, on 16 March 2020, a state of emergency was declared, and on 25 March
authorities announced the following lockdown measures: individuals were allowed to
leave their homes to buy groceries, seek urgent medical attention, and for work, with a
signed note from their employer; all shopping malls were closed, except for businesses
selling food, veterinary services, and pharmaceutical products; additionally, elderly people
who were aged 65 and above were only permitted to leave their homes between 11:00 to
13:00 for essential reasons, such as purchasing necessities etc. [34].

Imposing restrictions on social distance, the movement of people, the closure of restau-
rants and hotels, and the cancellation of social events have led to a reduction in household
consumption, especially for the HoReCa, recreation and culture, and transportation cat-
egories. The reduction of consumption for this sector contributed to the registration of
massive losses for the hospitality industry not only in Romania but also worldwide. In
Romania, despite the potential value of our country for tourism development, the industry
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is not a significant source of contribution to the Gross Domestic Products, only 2.8%, but
tourism has a larger sense when focusing on its multiplicative effect [35]. According to
García-Madurga et al. (2021), the HoReCa channel is the set of commercial catering food
establishments whose main activity is the production and sale of the direct out-of-home
consumption of food [36].

Figure 3. Decreases of household consumption by category in Romania in 2020 compared with 2019.

The categories of the final consumption expenditure of households that increased are
the following: health, food and non-alcoholic, education, communication, and alcoholic
and tobacco. The total consumption in Romania decreased by 4.1% in 2020 compared
to 2019.

Figure 4 presents the evolution of municipal waste in Romania, in the period 2000–
2019. Between 2000 and 2019, the average amount of municipal waste was 6631 thousand
tons/year, and the variation was 1443.98 thousand tons/year. The maximum value of the
amount of municipal waste was registered in 2008, at 8439 thousand tons/year, and the
minimum value was registered in 2015, at 4904 thousand tons/year. Starting in 2015, there
was an increase in the quantity of waste, with an average of 205.19 thousand tons/year.
The data series has a standard deviation of ±1.45 thousand tons/year, which determined a
variation of ±22%, with the standard error being 0.32.

Given the oscillating evolution of the total quantity of municipal waste, there is a need
to study its influencing factors, especially because the concerns related to ensuring the sus-
tainable development of society and the transition to a circular economy are growing, both
in the European Union and worldwide. According to Hasan (2004), a critical component
in any waste management program is public awareness and participation, in addition to
appropriate legislation, strong technical support, and adequate funding, as waste repre-
sents the result of human activities and everyone needs to have a proper understanding
of waste management issues, without which the success of even the best-conceived waste
management plan becomes questionable [37].
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Figure 4. Evolution of the municipal waste in Romania, in the period 2000–2019, in terms of thousands
of tons.

Figure 5 presents the evolution of the final consumption expenditure of households,
in Romania, in the period 2000–2020. The data series has a standard deviation of ± 33.78
million euros, which determines a variation of ±43%, with the standard error being 0.75.

Figure 5. Evolution of the final consumption expenditure of households in Romania, in the period
2000–2020, in terms of millions of Euro (EUR).

5. Results

Regarding the correlation between the amount of waste and household consump-
tion, the regression function of the association between “the amount of municipal waste”
and “the total consumption of households” has a direct linear relationship. The regres-
sion variable “total household consumption” (X) has a regression coefficient of −0.03031,
which indicates that the amount of municipal waste decreases by one unit as household
consumption increases by 30.31 units.

The free term, i.e., the ascertainable variable of the regression function (Y), presents a
positive value of 8966 thousand units (representing the value of Y regardless of the variation
of X, or even in the absence of (X). The coefficient of determination R2 expresses the fact that
44.75% of the variation of the quantity of municipal waste is determined by the variation of
the total consumption of the households.

From the analysis of the obtained parameters presented in Table 1a and Figure 6, the
following hypotheses are attested:
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1. The correlation coefficient is quite high, at 0.66, which denotes a close relationship in
terms of intensity. The high value of the correlation ratio shows that there is a strong
dependence between the two series (Romer, 1997) [38].

2. By testing the correlation ratio, the regression model is statistically validated; the
value of Significance F ≤ 5% (0.05). As such, the model adjusts well the data in the
sample.

3. By testing the parameters of the regression model (Y and X) for a significance threshold
of α = 5%, the existence of an association between the two variables is attested by
statistically significant coefficients (p value ≤ 5%; the parameter is significant).

4. The confidence intervals of the parameters are statistically significant, as the limits
have the same sign. For the estimated evaluation of X, the confidence interval is
(−0.04)–(−0.01), and for the free term Y, the confidence interval is 7580.9–10,351.4. In
both cases, the confidence interval does not include the value 0.

Table 1. Linear regression results.

(a)

Regression Statistics Value

Multiple R 0.66893939
R Square 0.447479908

Adjusted R Square 0.416784347
Standard Error 1102.752513
Observations 20

(b)

ANOVA

df SS MS F Significance F

Regression 1 17,727,768.9 17,727,768.9 14.57800078 0.001259506
Residual 18 21,889,135.9 1,216,063.105

Total 19 39,616,904.8

(c)

Coefficients
Standard

Error
t Stat p-Value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 8966.21007 659.3526598 13.59850444 6.57501 × 10−11 7580.961535 10,351.4586 7580.961535 10,351.4586
CONSUMPTION −0.030316478 0.007940169 −3.818114821 0.001259506 −0.046998155 −0.013634801 −0.046998155 −0.013634801

Source: Data processing, Eurostat.

Therefore, the regression equation between the dependent variable (municipal waste)
and the independent variable (the final consumption expenditure of households) is as follows:

Municipal waste = −0.03 × Consumption + 8966.21

The value of the Significance F must be less than 0.05. In the case of the model, as
presented in Table 2, it was found that this value exceeds the threshold of 0.05 in the case of
consumption generated by health services, recreation and culture, restaurants and hotels,
alcohol and tobacco goods, and communications. For the high value of Significance F in
relation to consumption, we found that the sectors that generate the lowest amount of waste
(services). In the case of all of the independent variables, we can see that the relationship
is a negative one, which proves that an increase in the quantity of any expenditure of the
households generates a decrease of the municipal waste quantity.
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Figure 6. The regression function of the association between “the amount of municipal waste” and
“the total consumption of households”.

Table 2. The influence of the final consumption expenditure of households by consumption purpose
on the quantity of municipal waste.

Independent Variable Multiple R R Square Intercept
Regression Function

Coefficients
Sig.

Health 0.87 0.77 8706.29 −0.54 3.24
Housing, water, electricity, gas
and other fuels 0.60 0.36 8983.85 −0.14 0.005

Clothing and footwear 0.58 0.34 7901.19 −0.37 0.006
Miscellaneous goods and services 0.73 0.53 8485.13 −0.64 0.000
Recreation and culture 0.78 0.61 8724.91 −0.45 4.17
Food and non-alcoholic goods 0.66 0.44 9505.33 −0.13 0.001
Restaurants and hotels 0.14 0.02 7079.98 −0.14 0.54
Furnishing and household
equipment and routine
household maintenance

0.60 0.36 8200.36 −0.37 0.004

Alcoholic and tobacco goods 0.78 0.61 9070.44 −0.59 3.81
Communications 0.89 0.80 9019.20 −0.95 8.99
Education 0.65 0.42 8470.23 −1.31 0.001

Source: Data processing, Eurostat.

In the case of the final consumption expenditure of households for housing, gas, cloths
and footwear, miscellaneous goods and services, food and non-alcoholic goods, furnishing
and household equipment, and education, the Significance F value is less than 0.05, which
proves that the models are statistically valid. The value of the R Square coefficient is
relatively small (below 0.5) except for the independent variable miscellaneous goods and
services (R square = 0.53), which means that the amount of municipal waste is influenced by
other factors. The coefficient of determination R Square, for correlations whose Significance
F is less than 0.05, states that:

1. 36% of the variation of the amount of municipal waste is determined by the variation
of the final consumption expenditure of households for housing, water, electricity, gas
and other fuels;

2. 34% of the variation of the amount of municipal waste is determined by the variation
of the final consumption expenditure of households for clothing and footwear;

3. 53% of the variation of the municipal waste quantity is determined by the varia-
tion of the final consumption expenditure of households for miscellaneous goods
and services;
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4. 44% of the variation of the quantity of municipal waste is determined by the variation
of the final consumption expenditure of households for food and non-alcoholic goods;

5. 36% of the variation of the quantity of municipal waste is determined by the variation
of the final consumption expenditure of households for furnishing and household
equipment, and routine household maintenance;

6. 42% of the variation of the municipal waste quantity is determined by the variation of
the final consumption expenditure of households for education.

Worldwide, more than three billion people depend on solid fuels, including biomass
(wood, dung and agricultural residues) and coal, to meet their most basic energy needs:
cooking, boiling water, and heating [39]. Figure 7 presents the correlogram indicating the
correlation between the amount of municipal waste and final consumption expenditure of
households by consumption purpose. The R Square determination coefficient states that
36% of the variation in the amount of municipal waste is determined by the variation in
the final consumption expenditure of households for housing, water, electricity, gas and
other fuels.

The relationship between the amount of municipal waste and final consumption
expenditure of households for housing, water, electricity, gas and other fuels shows that
changing the consumption expenditure of households for housing, water, electricity, gas
and other fuels by 1000 monetary units generates a decrease of municipal waste of 0.14 tons.
The increase in the consumption expenditure of households for housing, water, electricity,
gas and other fuels can be explained either by an increase in prices, which our country
is currently facing, or by an increase in energy or gas consumption. In either case, in
order to meet basic needs, households tend to reduce the consumption of other services
or products that can generate large amounts of waste. This shows that there is a negative
relationship between the two variables analyzed. The coefficient of Significance F is 0.005,
which expresses a significant probability and determines a valid model.

According to the European Parliament (2020), clothes, footwear and household textiles
are responsible for water pollution, greenhouse gas emissions and landfill; likewise, fast
fashion—the constant provision of new styles at very low prices—has led to a big increase
in the quantity of clothes produced and thrown away [40]. In order to decrease the impact
upon the environment of the textile industry, the European Commission adopted, in March
2020, the New Circular Economy Action Plan, showing actions for changing the way
we produce and consume in order to achieve a climate-neutral, competitive economy
of empowered consumers [19]. The measures presented in the New Circular Economy
Plan complete the EU Industrial Strategy, and include the following: making sustainable
products the norm in the EU, empowering consumers, focusing on the sectors that use the
most resources and where the potential for circularity is high, and ensuring less waste [41].

According to the model, the R Square determination coefficient states that 34% of the
variation in the amount of municipal waste is determined by the variation in the final con-
sumption expenditure of households for clothing and footwear. The relationship between
the amount of municipal waste and the final consumption expenditure of households for
clothing and footwear shows that changing the consumption expenditure of households for
clothing and footwear by 1000 monetary units generates a decrease of municipal waste of
0.37 tons. The increase in the final consumption expenditure for clothing and footwear does
not necessarily represent an increase in the quantity purchased of clothes and footwear,
this being determined more by an increase in prices for these product categories. This
means that there is a negative relationship between the two variables analyzed. The coeffi-
cient of Significance F is 0.001, which expresses a significant probability and determines a
valid model.

77



Sustainability 2022, 14, 8828

Figure 7. Correlogram indicating the correlation between the amount of municipal waste and the final
consumption expenditure of households by consumption purpose, depending on the components.
(a) Water, electricity, gas and other fuels; (b) Clothing and footwear; (c) Miscellaneous goods and
services; (d) Food and non-alcoholic goods; (e) Furnishing and household equipment and routine
household maintenance; (f) Education.

According to the model, the R Square determination coefficient states that 53% of
the variation in the amount of municipal waste is determined by the variation in the final
consumption expenditure of households for miscellaneous goods and services. Regarding
the relationship between the amount of municipal waste and the final consumption expen-
diture of households for miscellaneous goods and services, a change in the consumption
expenditure of households for clothing and footwear by 1000 monetary units generates a
decrease in municipal waste of 0.64 tons. The increase in the final consumption expenditure
of households for miscellaneous goods and services does not necessarily represent an
increase in the quantity purchased, with this being more determined by an increase in
prices for these product categories. This determines that there is a negative relationship
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between the two variables analyzed. The Significance Coefficient F is 0.000, which is a
significant probability and means a valid model.

According to Food and Agriculture Organization, food loss and waste has indeed
become an issue of great public concern, and The 2030 Agenda for Sustainable Develop-
ment reflects the increased global awareness of the problem [42]. Food and non-alcoholic
consumption has concentrated in the last years to a healthier and more ecological model.
This model includes less processed food, in a smaller quantity, but at higher prices for
consumers. This explains the increase of the consumption expenditure of households for
food and non-alcoholic goods, which does not necessarily represent an increase of the
quantity of the food.

The correlation between the two variables, the municipal waste quantity and the
final consumption expenditure of households for food and non-alcoholic goods proves
that consumers have spent more and generated a smaller quantity of waste. Additionally,
the concerns for a healthier environment have focused consumers from our country on
decreasing food waste.

Analyzing the coefficient of determination R Square, we can notice that 44% of the
variation of the quantity of municipal waste is determined by the variation of the final
consumption expenditure of households for food and non-alcoholic goods. The relation-
ship between the amount of municipal waste and the final consumption expenditure of
households for food and non-alcoholic goods shows that changing the consumption expen-
diture of households for food and non-alcoholic goods by 1000 monetary units generates a
decrease of municipal waste of 0.13 tons. The coefficient of Significance F is 0.005, which is
a significant probability and means a valid model.

An important part of the municipal waste is represented by furniture and house-
hold equipment, as mentioned by Article 3 of Directive (EU) 2018/851 of the European
Parliament and of the Council of 30 May 2018 amending Directive 2008/98/EC on waste.
Additionally, the same directive mentions in Article 9 that member states should prevent the
generation of municipal waste by encouraging the re-use and repair of products, including
furniture and household equipment [43].

Analyzing the coefficient of determination R Square, we can notice that 36% of the
variation of the amount of municipal waste is determined by the variation of consumption
expenditure of households for furnishing and household equipment and routine house-
hold maintenance. The relationship between the amount of municipal waste and the final
consumption expenditure of household consumption for furnishing and household equip-
ment and routine household maintenance demonstrates that changing the consumption
expenditure of households for furnishing and household equipment and routine household
maintenance by 1000 monetary units results in a decrease in municipal waste of 0.37 tons.
The coefficient of Significance F is 0.004, which is a significant probability and means a
valid model.

Ozturk (2008) mentioned that education is indispensable and fundamental for eco-
nomic development, and there is a positive feedback from improved education to greater
income equality, which in turn is likely to favor higher rates of growth [44]. The effects of in-
vesting in education not only contribute to the expansion of human knowledge, abilities and
competences but also to the improvement of values and even better decision-making [45].
This is the reason why sustainable economic development requires important investments
in the education system.

The determination coefficient R Square shows the fact that 42% of the variation of
the amount of municipal waste is determined by the variation of the final consumption
expenditure of households for education. At an increase of consumption expenditure of
households for education by 1000 units of consumption, this will determine a decrease of
1.31 tons, representing the largest decrease of all of the variables analyzed.
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6. Conclusions

In September 2015, Romania adopted the objectives of Agenda 2030 for sustainable
development. Agenda 2030 involves achieving 17 objectives for sustainable development.
As mentioned by Firoiu et al. (2019), achieving the targets of the 2030 Agenda depends
exclusively on an effective approach for the implementation of objectives by ensuring a
continuous dialogue between all of the entities directly and indirectly involved [7].

The quantity of municipal waste increased in Romania until 2009. Due to approaches to
the environment, Romania developed programs through its local authorities for decreasing
this quantity. Still, economic growth has increased the consumption of goods and services.

The correlation between the quantity of municipal waste and household consumption
shows a close relationship in terms of intensity. The high value of the correlation ratio
shows that there is a strong dependence between the two series. The regression variable
“total household consumption” (X) has a regression coefficient of −0.03031, which indicates
that the amount of municipal waste decreases by one unit as household consumption
increases by 30.31 units.

The policies of the business environment for waste management influence the quantity
of municipal waste. Additionally, with proper plans for recyciling, the business envi-
ronment can contribute to increasing the recycling rate. Presenting the evolution of the
household consumption expenditure by category in Romania in 2020 compared with
2019 could bring useful information for business decisions with strong managerial and
practical implications.

Analysing the evolution of consumption brings economical implications, as consump-
tion represents an important factor for economic growth. Moreover, the correlation with
the municipal waste quantity is useful, with social implications for political decision factors.
In order to reduce the quantity of municipal waste while increasing the recyciling rate, public
athorities make efforts to develop consumer education programs for sustainable consumption.

One of the main concerns of Romanian local authorities should be to develop programs
to prevent waste generation. Additionally, Romania should increase the rate of recycling
of municipal waste by 55% until 2025, and by 60% until 2030. Selective waste collection
generates raw material for reuse, recycling and energetic recovery, with a positive impact
for the environment.

It is our desire that the analysis will present support for local public authorities in the
elaboration of the management plans, and for the central public authorities in developing
the National Strategy for the Circular Economy and achiveing the Sustainable Development
Goals (SDG). All European countries must meet the Sustainable Development Goals (SDG).
Municipal waste is an important issue for the achievement of SDG 11 regarding Sustainable
Cities and Communities, and monitoring the evolution of the waste quantity is an essential
condition for fulfilling this objective. The originality of the paper in the determination
of the consumption expenditure’s influence on municipal waste could be extended to
other countries or regions, especially because the level of income, as main key factor that
influences the consumption of households, is different in different European countries and
could bring important conclusions for the elaboration of waste management policies.

The limitations of the paper are caused by data availability. A future research perspec-
tive of the present study is to analyse the influence of the final consumption of households
by purpose, but at the regional level (NUTS 2), especially after March 2020, a period in
which the household consumption was influenced by the COVID-19, as soon as the data
are available.
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Abstract: The transition to sustainable food systems is one of the main challenges facing national and
international action plans. It is estimated that food services and lodging accommodation activities
are under pressure in terms of resource consumption and waste generation, and several tools are
required to monitor their ecological transition. The present research adopts a semi-systematic and
critical review of the current trends in the food service and lodging accommodation industries on
a global scale and investigates the real current environmental indicators adopted internationally
that can help to assess ecological transition. This research tries to answer the subsequent questions:
(i) how has the ecological transition in the food service industry been monitored? and (ii) how has
the ecological transition in the lodging accommodation industry been monitored? Our study reviews
66 peer-reviewed articles and conference proceedings included in Web of Science between 2015 and
2021. The results were analyzed according to content analysis and co-word analysis. Additionally,
we provide a multidimensional measurement dashboard of empirical and theoretical indicators and
distinguish between air, water, energy, waste, health, and economic scopes. In light of the co-word
analysis, five research clusters were identified in the literature: “food cluster”, “water cluster”,
“consumers cluster”, “corporate cluster”, and “energy cluster”. Overall, it emerges that food, water,
and energy are the most impacted natural resources in tourism, and users and managers are the
stakeholders who must be involved in active monitoring.

Keywords: ecological transition; tourism; environmental indicators; circular economy; sustainability;
monitoring framework; food services; hotels; hospitality

1. Introduction

Ecological transition, defined as an implementation of the sustainable development
concept, aims at ensuring resilience soon after economic crises and ecological disasters [1]
and represents one of the main challenges of national and international action plans [2,3].
Among others, its main pillars are represented by sustainability and efficient waste man-
agement paradigms, the development of renewable energy sources, and more sustainable
agriculture [4,5]. Therefore, to achieve the 17 sustainable development goals (SDGs) en-
acted by the United States [6], several proper strategies and policies have been promoted
on a global scale. At the European level, on the one hand, the circular economy action plan
is based on depicting production and consumption systems which rely on recycling, re-use,
and repairing and remanufacturing products, as well as on green consumption patterns [7].
On the other hand, there is a need to put the ‘farm to fork’ practice into effect, which aims
at ensuring fair, healthy, and environmental-friendly food systems. The concept of the
circular economy has a high impact at the international level due to its ambition to redefine
a sense of a resource’s value. Even though companies and public authorities have the
most powerful role in accelerating the transition from the linear to the circular economy,
customer preferences are key to making this change [8].
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Moreover, shifting production from one based on primary resources to one based
on recycling resources generates the premise of applying a sustainable economic model
that could change the world into a better place for future generations. However, many
questions arise when putting into practice the circular economy model. The most well-
known issues are circular economy rebound [9] and the high costs of implementing barriers
like technological costs, market readiness, institutional resistance, or cultural aspects [10].
Also, even though the circular economy is based on the four ‘R’s (i.e., reduce, reuse, recycle,
and recover), research shows that most companies focus their activity on recycling and
neglect the other three pillars of circularity [11]. Another critique of the circular economy is
that it represents just a concept that is hard to transform into an economic reality [12].

Theoretically, ecological transition is possible and affordable to achieve [13] but it is
still difficult to evaluate and monitor. Therefore, to assess Member States’ progress towards
ecological transitions, several indicators have been implemented at the European level,
such as production and consumption indicators, waste management indicators, secondary
raw materials indicators, and competitiveness and innovation indicators [14,15], in addition
to environmental performance indicators [16].

The present paper investigates ecological transition within different sub-sectors of
so-called hospitality management, considering an expected revival in tourism activity after
the recovery from the COVID-19 pandemic [17]. The authors explore the food services
and food and beverage activities within restaurants, fast-food chains, takeaways, catering,
bars, and pubs on the one side, and lodging accommodation activities, from luxury hotels
to campgrounds, on the other. The hospitality industry, encompassing establishments
such as canteens, elderly care hospitals, hotels, schools, restaurants, and universities [18],
represents one of the major incomes and sources of labor in Europe, as well as one of
the most impactful sectors on the economy, environment, and society [19]. Besides, food
services and lodging accommodation activities are under pressure in terms of resource
consumption and waste generation, requiring a conversion towards circular economic
systems focused on savings and recovering resources. Hotels and restaurants must be
considered resource-intensive activities considering that their processes are orientated
toward space conditioning (i.e., heating and cooling systems, ventilation, air conditioning),
lighting, hot water, and electricity use, as well as cooking activities and washing activities,
among others. However, although resource and waste management represent a topical
and current concern, little research has been conducted on the environmental impacts
of tourism, and additional investigations must be addressed to enhance environmental
sustainability.

Several authors have considered these burdens in the field of transportation, analyzing
aviation [20], train [21,22], or cruise ship [23] impacts, whereas increasing environmental
loads should be refocused toward energy consumption (i.e., heating, air conditioning,
and lighting) and greenhouse gases emissions [24], as well as to waste (and food waste)
management [25]. Since the eruption of the COVID-19 pandemic, pollution and ecological
burdens have significantly decreased by 30% on a global scale, highlighting the need to find
and understand the unsustainable drivers and gradually switch them towards investment
opportunities [17]. At present, the environmental and economic performance of food
services and lodging accommodations are included in eco-effective strategies promoted at
the EU level [26,27]. Still, the monitoring and measurement of specific policies need to be
implemented either at the local or global level, representing a challenge toward ecological
transition [28]. Monitoring represents a challenge to reaching sustainable development and
economic growth. In light of the uncommon measurement and monitoring tools used in
the hospitality industry, it seems essential to develop shared, common, and homogeneous
systems to reach such targets, filling in empirical and theoretical gaps, which highlight the
lack of harmonized indicators for measuring ecological transition.

In light of these premises, the present research carries out a semi-systematic literature
review on the environmental indicators adopted by international realities to assess the
sustainable transition of food services and lodging accommodation activities. Besides, by
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answering to two research questions (Section 2), the authors have provided a multidimen-
sional measurement dashboard of empirical and theoretical indicators, which distinguishes
between air, water, energy, waste, health, and economic scope (Section 3). The main purpose
of this research is to identify the current state and the future prospects of sustainability in
the food service and the lodging accommodation industries. Although several authors and
practitioners have experienced, explored, and tested circular economy and sustainability
strategies in the hospitality industry, a comprehensive and critical review on this topic still
needs to be conducted. Hence, the present research contributes to the empirical studies
dealing with sustainable tourism and environmental best practices in the hospitality sector,
providing theoretical and managerial recommendations for supporting either academics
or practitioners.

2. Theoretical Background and Research Questions Development

Tourism and hospitality activities have been the preferred subject of several research
studies from environmental, social, or economic perspectives. Ecological transition, based
on the sustainable development concept, encompasses transversal and multidimensional
areas, covering not only environmental and green issues but revising the entire concept of
work and enterprise and opening modern and innovative paths for boosting competitive-
ness while ensuring environmental protection [1–3].

In recent years, with the exception of the pandemic period, there has been an increase
in the number of tourists. International tourism has continued to sustain global economic
development [29]. Latest international statistics have estimated that more than 1.5 billion
international tourist arrivals were recorded before the pandemic, representing a substantial
investment opportunity for communities all around the world. In Europe, over 740 million
tourists have been registered, accounting for more than 50% of the total tourists in the
global market [30]. According to Eurostat, more than one in ten EU enterprises, excluding
the financial sector, was based on tourism in 2019 [12]. However, considering that tourism
represents a holistic industry and encompasses several businesses endowed with divergent
characteristics and management operations, the present research focuses especially on food
services and accommodation lodging activity. Food services, defined as the operations
related to preparing, transporting, or selling foods in restaurants, cafeterias, or catering
services [31,32], play an important social and economic role in modern societies [25]. In
western Europe, food services revenue rose to EUR 427 billion, while in eastern Europe, it
rose to over EUR 45 billion before the outbreak of the pandemic. The United Kingdom and
France have the most developed markets for food services, whereas France and Italy are
ranked first in the number of food service companies. France accounts for 161,466 restau-
rants and mobile food service activities, with 155,875 for Italy [33]. Still, several major
issues in this area are under-researched, such as their related environmental externalities
and issues, such as food waste or packaging waste, which represent an increasing share on
a global scale. It is estimated that food services amount to 12% of global food waste [34].
Hence, the first research question (RQ) is proposed to investigate the ecological transition
in the food service industry as follows:

RQ1: How has the ecological transition in the food service industry been monitored?
On the other hand, accommodation lodging activities that include hotels, motels,

resorts, and bed and breakfast units, are supposed to constitute the most energy-intensive
buildings due to their multi-usage functions, such as food and beverage production and
consumption, recreation, and hygiene procedures [35]. Overall, over 73.2% of worldwide
CO2 emissions are derived from energy consumption, of which 24.2% come from industrial
use (e.g., iron and steel production, food and tobacco production, and chemical and
petrochemical production) and over 17.5% come from energy use in buildings [36]. It
emerges that approximately 6.6% of CO2 emissions are generated by commercial buildings,
such as restaurants or hotels, to produce electricity for lighting, appliances, and heating.
The amount of energy consumed in non-residential buildings amounts to over 700 million
tons of the equivalent oil (Mtoe), with approximately 233 Mtoe needed for space heating,
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116 Mtoe needed for lighting and 86 Mtoe needed for water heating. Besides, over 232 Mtoe
is spent on other end-uses, such as IT equipment [37]. Among others, several strategies
and action plans have been addressed to enhance energy and waste management [38],
promoting guests’ awareness of sustainable behaviors [39]. It is estimated that hotels
produce more than 289,000 t of waste each year, of which approximately 80 t comes from
food waste. More specifically, an amount of approximately 0.8–1.2 kg of waste per guest
daily, which doubles on checkout days, has been assessed. Hotels and restaurants generate
over 160–200 kg of CO2/m2. In terms of waste composition, it is estimated that about 44%
comes from organic matter, 16% from glass, 13% from plastic, 11% from paper, and 9% from
cardboard, whereas only 7% comes from unsorted waste [40,41]. Therefore, the second
research question investigates the monitoring of the ecological transition in the lodging
accommodation industry as follows:

RQ2. How has the ecological transition in the lodging accommodation industry
been monitored?

The circular economy is presented as a possible solution to actual economic challenges,
such as the increasing global demand for natural resources, delays in supply chains, climate
change, and industrial pollution effects. In this context, the circular economy can also be
considered a potential solution for the hospitality industry, known to be a consumer of
resources [42]. However, the impact of the circularity concept in the hospitality industry is
still new and under-researched. Moreover, few studies have been written in the field of
circular economics for tourism. According to da Silva et al. [43], most of the studies in these
areas began to be written and published in 2019, with most of them being focused primarily
on a theoretical approach. Despite the desire of the stakeholders in the hospitality sector
to focus more on sustainability and resource waste, the COVID-19 pandemic proved that
the principles of circular economics and the signs of progress with the adoption of its rules
are extremely sensitive to unpredicted events. An eloquent example is the increased use
of plastic packages in the hospitality sector. On the one hand, due to the prevention rules
applied for preventing the spread of COVID-19, and especially the distancing rules, the
restaurants developed delivery services to continue their activity and to assure food security
conditions. Customers preferred to order food at home to meet the travel conditions of the
pandemic [44]. In this context, increasing numbers of home orders led to increasing use of
plastic packaging. However, the desire of the customers to reduce single-use packaging
plastics has not disappeared yet. According to Kitz et al. [45], in Canada, there is an
increasing desire in consumers to use biodegradable single-use packaging.

The circular economy concept endorses either policy aimed at diminishing environ-
mental burdens or those elaborating strategies oriented toward fostering economic growth,
which is often difficult to define [14]. Environmental and sustainable strategies are usually
part of a circular economy-monitoring framework [46]. This includes ten indicators used to
capture the main features of a circular economy in a synthetic and suggestive way [15], as
follows: (a) production and consumption (four indicators); (b) waste management (two
indicators); (c) secondary raw materials (two indicators); and (d) competitiveness and
innovation (two indicators). In addition, environmental performance indicators should
be taken into account, measuring the environmental impacts related to climate change,
consumption of natural resources, and waste generation [16]. Environmental performance
indicators are used for comparing performance over time, communicating results in a trans-
parent way, and supporting national and international policy for monitoring goals [47].
These are related to air, water, or land emissions, as well as resource consumption. Among
other sustainability and environmental indicators, environmental footprint (i.e., water and
carbon footprint), being an assessment based on inventories such as material flow analysis
or environmental tools and life-cycle assessment [48–50], has emerged as a popular concept.
Therefore, several studies have been devoted to the assessment of energy, carbon, and
water consumption [51].

86



Sustainability 2022, 14, 9102

3. Research Methodology

3.1. Research Strategy and Review Criteria

Different approaches could be adopted to conduct a literature review, such as system-
atic, semi-systematic, and integrative reviews [52], each having unique characteristics and
research strategies. Among them, the present research paper applies a semi-systematic
method, being orientated toward providing an overview of the research area and track-
ing its development over time, contributing to the state of contextualized knowledge. In
accordance with Wong et al. [53] and McColl-Kennedy et al. [54], the semi-systematic
approach offers a comprehensive understanding of complex and transversal areas (e.g.,
environmental sciences, social sciences, and business and management), covering broad
topics and different types of studies, contributing, at the same time, to detecting themes,
theoretical perspectives, or common threads of research [55].

To perform a clear and replicable strategy, achieving a double purpose of methodolog-
ical objectivity and efficacy of this review itself [56–58], there are four different steps as
follows: (a) defining the background of the analysis and identification of the review criteria
(i.e., inclusion and exclusion criteria); (b) selecting suitable research strings and creating
a preliminary global database; (c) in-depth screening of selected items and improvement
of the opening database; and (d) data synthesis and data analysis through co-word and
content analysis. Such an approach is the so-called SALSA (search, appraisal, synthesis, and
analysis) framework [59]. Considering the theoretical background of the environmental
indicators mentioned, this research paper reviews academic articles based on ecological
transition indicators by answering the identified research questions. Ecological transition is
investigated under the so-called “environmental approach”, which is considered a concept-
oriented term that encompasses pollution control, cleaner production, green chemistry,
eco-design, life-cycle assessment, waste minimization, zero waste, and social welfare [60].

As discussed by Snyder [52], the research questions have been formulated to inves-
tigate broader topics, which have been conceptualized differently and analyzed within
transversal disciplines. Such research queries aim at mapping the theoretical and practical
approaches related to the food service and lodging accommodation industries, exploring
the collective evidence in diverse research areas. To pursue reliability and dependability,
the present research explores academic peer-reviewed journals and conference proceedings
written in English, whereas it does not include book chapters. Regarding the publication
timeline, articles published between 2015 and 2021 have been considered from the SDG and
the circular economy action plan developed and implemented starting from 2015, whereas,
under the geographical perspective, either global or European experiences have been taken
into account. Figure 1 illustrates the research strategy according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) model.

Figure 1. Research strategy overview. Source: Personal elaboration by the authors.
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3.2. Data Collection and Research Strings

Data collection began with a TITLE-ABS-KEY query and was conducted using Web of
Science (WoS), which represents a collector of standardized, reputable, and high-quality
research. Web of Science is one of the world’s leading databases and is increasingly
used for academic papers [61], being the leading scientific citation search and analytical
information platform [62]. The authors have considered all the indexes included in the WOS
database and used them for export selection using the integrated function on the platform,
integrated with the VOS viewer software, from 2015 to 2021. The research considers a
timespan from 2015–2021 since the SDGs [6], as well as the circular economy action plan [2],
were implemented in 2015 by the United Nations and the European Union, respectively.
Although the main purpose of the research is to focus on monitoring the overall ecological
transition of food services and lodging accommodation activities as a starting point for
future research, the authors have tried to identify the possible strategies that could be
adopted soon after the COVID-19 pandemic, highlighting the implications of these in
Section 5.4.

Considering the research questions, designed to address and investigate food services
and lodging accommodation activities as well as environmental indicators (also defined as
circular indicators or sustainability indicators), the present research has identified several
keywords to cover as many relevant aspects as possible.

Regarding RQ1, the subsequent (truncated) keyword combinations have been selected:
“indicator” or “index” or “monitoring” AND “environment” AND “restaurant”, or “fast
food” or “takeaway” or “catering” or “pub”, for an amount of 15 research strings. Re-
garding RQ2 the subsequent combinations were investigated: “indicator” or “index” or
“monitoring” AND “environment” AND “hotel” or “motel”, “resort” or “bed and breakfast”
or “spa”, for an amount of 15 research strings. Overall, 30 research strings were investigated
within titles, abstracts, and keywords. Figure 2 illustrates the research string strategy.

Figure 2. Research Strings. Source: Personal Elaboration by the Authors.

Research strings helped to create a preliminary database, which included the article
authors′ name, title, publishing journal, year of publication, geographical area, paper type,
and DOI (digital object identifier). Then, a further in-depth selection of the most relevant
studies was conducted to avoid duplication. Collected data were catalogued in Microsoft
Excel sheets.

3.3. Data Synthesis and Data Analysis

The collected data were synthesized according to a co-word analysis [63]. Such an
approach investigates the co-occurrences of keywords and also identifies the relationship
and interactions between different research topics [64], highlighting research trends, as
well as the most influential authors in the field of environmental transition in tourism.
It provides a systematic overview of research evolution, creating suggestive maps of
keywords and textual data [65] and represents a rigorous method for investigating huge
amounts of data [66,67]. Furthermore, using the VOSviewer software, clusters of keywords
used in the metadata of the different articles were identified. VOSviewer is an open-source
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software and was successfully applied to co-word analysis [68,69] to investigate the links
between research topics and to identify the most relevant publishing journals. It was
developed by Leiden University.

In addition, to integrate the meta-analysis and better evaluate and interpret the results,
a content analysis was carried out. This helped to identify “not-so-obvious” perspectives,
creating potentially groundbreaking perspectives for either academics or practitioners,
playing a critical role in creating new theories [37]. Furthermore, it has previously been
successfully applied in tourism and hospitality research [70,71], guaranteeing its suitability
for pursuing the aims and scope of the present research. Considering that environmental
performance indicators are essential for comparing hotel and restaurant performances over
time and communicating transparent and comparable results, selected indicators from
the content analysis were synthesized into a dashboard, which distinguished between the
scopes of the indicators, as follows: (a) air scope, including the indicators which monitor
the activities affecting climate change and causing risks to human health; (b) water scope,
including indicators which evaluate human impact on freshwater systems, either from
single products or entire processes; (c) energy scope, including indicators which assess
the use of energy, energy performance, and resource consumption rates; (d) waste scope,
including indicators which measure waste generation from a economic, environmental,
or social perspective; (e) health scope, including indicators which monitor the impact of
unhealthy or unsafe foods on human health, as well as suitable human conditions on
an employee’s well-being; and (f) economic scope, including indicators which monitor
economic performance and service quality [47,48,50,58].

4. Results

4.1. Publishing Journals, Geographical Areas, and Research Timeline

To better contextualize the selected papers (n = 56) and conference proceedings (n = 10),
Table 1 includes the publishing journals, geographical areas, and timelines investigated and
also highlights those journals and countries that account for two or more contributions. The
limited number of the selected papers represents this topical yet still under-researched (in
the literature) niche subject. Considering the high heterogeneity of the hospitality sector, the
present research took into sole consideration the food service and lodging accommodation
industries to obtain as accurate results as possible. Although the dataset is composed of
66 papers, such results are in line with other scientific research papers in the tourism and
hospitality field [72,73].

It has emerged that the vast majority of the selected contributions were published on
Sustainability (9 articles) and in both the Journal of Hospitality Management (4 articles)
and the International Journal of Environmental Research and Publish Health (2 articles).
Indeed, among others, such journals aim at publishing research which provides solutions
toward tackling climate change, pursuing sustainable development, and guaranteeing
either economic growth or environmental protection. The selection by geographical area
shows the majority of authors have explored environmental and social indicators in the
United States (14 articles), followed by China (10 articles) and then Brazil (13 articles),
whereas in the European Union, only several manuscripts have investigated Poland, The
Czech Republic, Italy, Portugal, and Romania. In terms of the timeline of publication, the
highest number of contributions were published in 2019 (15 articles).

To comprehend the main research trends, we searched for the most cited articles in the
WoS database. The most cited contribution (38 citations) identified possible opportunities
to enhance restaurants′ competitiveness through online reviews, based on the competitive
index and dissimilarity index [73]. The second most cited contribution (37 citations)
dates back to 2015 and investigates fast-food consumption on healthy diets and obesity
reduction through the body mass index z-score [74]. The same number of citations was
achieved by Charlebois et al. [75], in which food service procurement, kitchen practices, cost
management, menu design, and technical literacy in the field of food waste minimization
through “performance indicators” was investigated. Therefore, using these preliminary
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insights, a transversal and holistic concept of “ecological transition” has emerged, which
encompasses managerial strategies, human health, food safety, and food security toward
the wider aim of sustainable development.

Table 1. Contributions per publishing journal. (a) Geographical areas and (b) timeline (c).

a. Publishing Journal N.

Sustainability 9
Journal of Hospitality Management 4
International Journal of Environmental Research and Public Health 3
Anatolia 2
International Journal of Contemporary Hospitality Management 2
International Journal of Culture Tourism and Hospitality Research 2
Journal of Hospitality and Tourism Management 2

b. Geographical Areas N.

United States 14
Brazil 4
Poland 3
Russia 3
Australia 2
Canada 2
Czech Republic 2
Italy 2
Portugal 2
Romania 2
Taiwan 2
Turkey 2

c. Timeline N.

2015 6
2016 3
2017 9
2018 10
2019 15
2020 13
2021 10

Source: Personal elaboration by the authors.

4.2. VOSviewer Analysis Results

According to the VOSviewer analysis, which investigated the co-occurrences of key-
words and interactions between research topics within article titles and abstracts, a total of
five clusters emerged and are depicted in Figure 3. In the first cluster, defined as the “food
cluster” and identified in red in Figure 4, 17 keywords were found for a total of 568 links and
84 co-occurrences. The most relevant keywords are represented by “fast food”, “body mass
index”, “obesity”, “home”, and “restaurant”, whereas specific countries have emerged,
such as “Canada” and “U.S.A.”. In the second cluster, defined as the “water cluster” and
represented in green in Figure 4, 14 keywords were found for a total of 73 co-occurrences.
Such a cluster highlights research topics related to “climate”, “recreational water”, “pools”,
and “water use”, focusing on water consumption in health resorts. In the third cluster, the
so-called “consumers cluster”, illustrated in blue in Figure 4, 12 keywords were found for
51 co-occurrences. This reveals connections and links between words such as “consumer”,
“government”, “market”, and “hospitality”. The fourth cluster, defined as the “corporate
cluster” and represented in yellow in Figure 4, is composed of 11 keywords and reveals
48 co-occurrences. Among other factors, this cluster focuses on keywords like “companies”,
“hotels”, “tasks”, “work”, and “work environment”, revealing a novel attitude toward
ecological transition in the field of corporate social responsibility, customer satisfaction, and
employee wellbeing. In the last cluster, which we have called the “energy cluster”, repre-
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sented in violet in Figure 3, 9 keywords were found for 38 co-occurrences. Its keywords are
related to “energy”, “investment”, “natural environment”, and “sustainable development”,
highlighting a focus on energy transition towards sustainability. Furthermore, among its
keywords, it presented the country “China”. Table A1 illustrates the five clusters and
their items.

Figure 3. VOSviewer results based on text data. Source: personal elaboration by the authors.

Figure 4. Multidimensional monitoring dashboard by selected indicators [75–115]. Source: personal
elaboration by the authors.
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5. Discussion

5.1. Monitoring the Ecological Transition of Food Services (RQ1)

Regarding RQ1, a total of 11 contributions were each been identified within the “food
cluster” and the “corporate cluster”, with only 9 contributions for the “customer cluster”.

In the “food cluster”, several authors have investigated the sustainability of fast foods
through the analysis of childhood body mass index [76] or adolescent weight gain [77].
Wang et al. [78] have adopted the healthy eating index to measure diet quality and to
estimate how specific food commodities align with the key recommendations of the dietary
guidelines for Americans for healthy and nutritional diets. In addition, Li et al. [79] have ex-
plored the healthfulness of restaurants through the adoption of the Nutrition Environment
Measures Survey-Restaurant, which represents an agent-based model, examining family
dining patterns, individual and community sociodemographic characteristics, restaurant
location, size, and food healthfulness. These authors focused on studying the food habits of
school and university students, highlighting a correlation between fast-food influence on a
child’s body mass index and the geographical distance from school [76]. Food waste has
been largely explored by different authors as a second pillar of the “food cluster”. Consider-
ing that food waste is one of the most topical challenges from a social, environmental, and
economic perspective [28], Hamerman et al. [80] have identified the service of offering to
wrap leftovers as a positive indicator of restaurants′ quality and environmental sustainabil-
ity, considering it useful for reducing food waste and increasing future home consumption.
In addition, Charlebois et al. [75] have highlighted the amount of food waste as an index
of food service quality and economic performance. In the field of food waste disposal,
Rizk et al. [81] have explored the environmental and public health consequences of organic
waste treatment, monitoring the physical-chemical parameters of the composting process
of food waste toward sustainable organic composting production. Lastly, as suggested
by Greer et al. [82], successful indicators (i.e., key performance indicators) for measuring
circular food services could be identified in the reduction and reporting of food waste.
The third pillar of the “food cluster” was identified as indoor air quality during cooking
and frying activities [83]. Among others, it seems essential to measure the CO2 pollution,
and volatile organic compound concentrations generated during deep-frying, which could
cause negative health effects for chefs and consumers.

As regards the “corporate cluster”, Stuchlikova and Botlikova [84] have identified
transportation, climate change, waste management, water management and wastewater
management as the most used indicators for calculating environmental impact analysis.
However, as highlighted by several authors [85–87], additional financial and non-financial
measures, as well as layout performance indicators, should be considered for food service
sustainability. As proposed by Flessas et al. [85], two main indicators should be included:
productivity and work-in-process. Productivity value shows the degree of human and
natural resources used, whereas work-in-progress represents the proportion in which the
inventory has been stored throughout the production process due to inefficiencies in the
system. Furthermore, human-centered indicators for ecological transition processes in-
clude the number of work-related accidents and customer satisfaction. Similar results have
been depicted by Bufquin et al. [88]. Regarding the improvement of food service warmth,
competence, and competitiveness in global markets, the authors investigated customer
satisfaction, changes in restaurant sales, and employee turnover rates, highlighting the
interconnection between social responsibility and human development. Further, as sug-
gested by Chou et al. [89], the ecological transition of food services should be explored in
the light of five major indicators: sustainable service innovation, food service technology,
organizational learning, adoption of innovation, and organizational environment. Among
the social media marketing indicators, which show the success of small and medium enter-
prises [90], the authors highlighted the importance of evaluating performance indicators,
such as likes, shares, and followers, as well as the restaurant’s social media index.
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Lastly, the “customer cluster” encompasses variables such as environmental and health
perceptions [91], vitality [92], and corporate social responsibility [93] toward food services′
economic, social, and environmental transitions. Considering that consumer review web-
sites and consumer perception of sustainable practices have increased in importance in
recent years, Fernandez-Gamez et al. [91] investigated the relationship between health
and environmental conditions and a restaurant’s corporate reputation at the country level
through the use of the healthiest country index. Furthermore, regarding the measurement
of the quality of urban life and the environment, Zikirya et al. [92] estimated the vital-
ity of urban takeaways through building footprints, whereas Dang et al. [94] explored
customers′ perceptions, attitudes, and practices towards experienced secondhand smoke
in restaurants, stressing the need to enhance the monitoring system of smokers. In the
field of fast-food competitiveness, Harun et al. [93] have estimated that young generations
are greatly involved in fast-food restaurants′ responsible behavior and their concern for
the environment. Therefore, economic development and purchasing behavior strategies
should be grounded in environmental indicator measurement.

5.2. Monitoring the Ecological Transition of Lodging accommodation Activities (RQ2)

Regarding RQ2, all five clusters (i.e., food, water, customer, corporate, and energy)
emerged as important. The largest number of contributions was identified in the “corporate
cluster” (11 contributions), followed by the “energy cluster” (10 contributions), the “water
cluster” (8 contributions), the “customer cluster” (4 contributions) and the “food cluster”
(2 contributions). Such a variety of topics is possible because lodging accommodation
activities are highly energy-intensive and cover multi-usage functions, from food and
beverage consumption to recreation, resort, and hygiene procedures [35].

The “corporate cluster” encompasses the analysis of hotels′ environmental orienta-
tion through composite indicators [95], as well as the investigation of their sustainability
performance [96] or economic and financial performance through macroeconomic indica-
tors [97,98]. Some authors address employees′ environmental behavior and perception
of their hotels′ sustainability practices [99], whereas others link environmental and eco-
nomic performance to a holistic perspective [100]. From an environmental perspective,
several indicators were depicted: environmental records, environment policy, environment
management systems, involvement in relevant projects/programs, and receipt of environ-
mental awards and certifications. Furthermore, some authors [99] have applied the global
sustainable tourism council hotel criteria indicators, as well as the indicators of sustainable
development for tourism destinations and the European Union′s sustainability framework
for nearly zero-energy hotels. An additional contribution, as suggested by Weerathunga
et al. [96], regards the development of a sustainable performance evaluation index, which
encompasses either economic, social, government, or environmental sustainability. Re-
garding the environmental aspect, the authors assessed and evaluated the methods and
processes adopted to reuse and recycle effluents and waste, as well as the awards and the
certifications in recognition of environmentally friendly operations, as already proposed by
Wickramasingh [95].

In the “energy cluster”, Bagheri et al. [101] estimated that the hotel’s energy dimension
represents the most impactful dimension among all others, with the most significant indica-
tors related to the supply and efficient use of energy, as well as the use of renewable energies.
Further, Lau et al. [102] assessed chiller-power usage, highlighting the need to enhance en-
ergy control in deluxe waterfront hotels. Among the possible solutions to reduce the energy
consumption of existing hotel buildings, some authors [103,104] discussed the importance
of energy-saving retrofitting, including the application of photovoltaic panels and energy-
efficient LED lights [105]. The indicators dedicated to estimating energy consumption
include, for example, self-sufficiency ratio, energy production diversification, per-capita
energy production, energy intensity, energy consumption, electricity consumption, and
energy industry investment. The use of clean energy and solar power still represents a
challenge for measuring the environmental sustainability of hotels [106].
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In terms of the “water cluster”, this dimension has been investigated in the fields
of water quality, water savings, and water security. Milik et al. [107] investigated the
physical and chemical parameters of fountains in health resorts, highlighting a need to
introduce supervision over the quality of drinking water. Similar research was conducted
by Bonotto [108], measuring alpha-emitting radionuclides, temperature, pH, Eh, electrical
conductivity, dissolved gases, and major constituents in water, whereas other authors have
investigated bacteria such as Legionella [109] or fecal water contamination [110]. As to
water savings, Omune et al. [111] explored water conservation practices, paying attention
to taps that are open unnecessarily.

The “customer cluster” includes research studies which explore the relationship be-
tween online comments and reviews and hotels′ environmental management [112,113].
Among others, tourists evaluate garbage or fumes that harm and pollute nature, solar
panels, self-sufficiency zones, sustainable maintenance policies, noise pollution, traditional
foods, and sustainable energy. Furthermore, tourists seem to have a positive sentiment to-
wards hotel ecosystems, paying attention to the surrounding environment, the abundance
of nature and plants, and the pure air in the facilities. Such indicators could enhance either
environmental or economic performance [114].

The “food cluster” includes research studies related to a hotel’s readiness to offer local
cuisines [115] and food-waste management practice [111]. Among other factors, it seems
that serving local food could reduce food production costs, increase food profit margin,
improve the attractiveness of menus, and make menu prices cheaper.

Overall, the five clusters highlight an evident link between specific subjects in the
literature, with food, water, customer, corporate, and energy clusters able to monitor the
transition to sustainable food services and lodging accommodation activities. Although the
number of the selected articles is limited to 66 scientific contributions, it emerged that these
studies are homogeneously focused on a few (but relevant) topics, which is in line with
other research in the tourism and hospitality field concerning food services and lodging
accommodation activities [116].

5.3. Theoretical and Managerial Implications

Figure 4 summarizes the selected indicators and provides a multidimensional mea-
surement dashboard of empirical and theoretical tools useful for boosting decision-making
processes and strategies in the hospitality industry. In the light of Eurostat [15], which
provides a list of indicators used to monitor the progress towards the circular economy and
ecological transition, Figure 4 distinguishes between air, water, energy, waste, health, and
economic scopes [47,48,50,58]. Table A2 provides details related to the multidimensional
monitoring dashboard.

Regarding food services, several articles have investigated the scope of air and energy,
as well as health, highlighting the nexus between food safety, service quality, and economic
performance. However, waste (and food waste) still requires further research, considering
the low number of contributions exploring this issue. The same trends are detected in
lodging accommodation-industry research, which appears marginally interested in waste
management. Although restaurants and hotels have the potential to quantify food waste
and packaging waste, which are mainly produced in the final consumption stage and
especially outdoors, several authors have not addressed their efforts towards this issue,
instead focusing on air emissions related to energy consumption or water pollution, yet
neglecting all the hidden costs associated with waste generation, from cradle to grave.
This means that the circular economy approach, which highlights the need to reuse or
recycle waste and avoid unnecessary withdrawals of virgin raw materials from nature, has
not yet been fully implemented. Several strategies can be adopted to convert waste (food
and non-food) into secondary raw materials, useful both in terms of closed-loop-recycling
and open-loop-recycling. As a consequence, tourism operators must be encouraged by
authorities to measure waste since alternative pathways could be walked, such as (a) waste
reduction through awareness-raising practices and improvements in customer behavior
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and (b) energy recovery or compost practices. Both alternatives would help improve
environmental performance and reduce the burden on the environment.

Our research confirms a lack of harmonized indicators for measuring ecological transi-
tion, as well as a lack of data. In light of the uncommon measurement and monitoring tools
used in the hospitality industry, public authorities should suggest practices, together with
a set of indicators to monitor the environmental transition, with also a set of homogeneous
and standardized measurement methodologies, which could boost comparability and
replicability among food services and lodging accommodation activities. Although the
European Union, through the Commission Delegated Decision (EU) 2019/1597 on common
methodologies and minimum quality requirements for the homogeneous assessment of
food waste quantities and composition [117], has suggested suitable tools to measure food
waste, hotels and restaurants have not yet considered the importance of measurement and
monitoring practices. Whether public authorities should make measurement mandatory
rather than leave it voluntary practice remains a fundamental question. Nevertheless,
the need for the development of a life-cycle inventory database, as well as the need for
measurement programming, replicability, and comparability, remains a fixed point.

5.4. The Ecological Transition after the COVID-19 Pandemic

It has been proved that circular economy principles are sensitive to unpredictable
events, such as the COVID-19 pandemic. Since the eruption of COVID-19, pollution and
ecological burdens have decreased by 30% [17], which means that several economic ac-
tivities, such as tourism, must switch from linear to circular practices through suitable
investment opportunities. Although no selected articles in the present review deal with the
COVID-19 issue, meaning that no authors have monitored ecological transition during the
pandemic, the authors have identified some possible strategies to rebuild tourism soon after
the pandemic. Hotels and restaurants have adopted new strategies in terms of hygiene pro-
tocols, and several units have proceeded to renovate their businesses during the stoppage
of their activities due to the pandemic, increasing their attractiveness to customers. The
COVID-19 pandemic has offered the food service and lodging accommodation industries
an opportunity to more authentically practice corporate social responsibility, focusing their
awareness on environmental and social challenges [118,119].

In light of the sudden business revival soon after the pandemic, the adoption of
integrated management systems, which take care of environmental, social, health and
economic issues, has emerged. Integration based on industrial symbiosis and circular
economy paradigms could represent an essential step to switch from linear to circular
activities, boosting the interactions between suppliers, companies, and customers. Besides,
considering the nexus between economic growth and environmental protection, activities in
food service and lodging accommodation could benefit from the adoption of environmental
strategies since this could lead to cost reductions while increasing efficiency and clients′
trust. Monitoring ecological transition requires quantitative and qualitative data; on one
hand, indicators are essential to gain as much knowledge as possible and compare data
over time, and on the other hand, companies should engage in sustainable practices to
enhance consumers′ loyalty, stakeholders′ interest to invest, and local-supplier networking,
considering such variables as key factors to boost competitiveness (and sustainability) in
the hospitality sector.

6. Conclusions

The ecological transition in the hospitality sector remains one of the main challenges
towards sustainable development. The traditional way to do business, which involves
a lack of sustainable practices, is beginning to be no longer acceptable by the decision
makers and public authorities. As a consequence, representatives from the field should
reconsider their “way of doing business”. The present research, through a semi-systematic
literature review of 66 peer-reviewed articles and conference proceedings included in Web
of Science between 2015 and 2021, brings new details about the monitoring activities of the
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transition to sustainable food services and lodging accommodation activities. Overall, the
current review has identified five intervention clusters, namely (a) “food cluster”, (b) ”water
cluster”, (c) “consumers cluster”, (d) “corporate cluster”, and (e) “energy cluster”. Each
cluster refers to different areas of intervention and specific indicators, either of sustainability
or circularity, in order to identify strategies for pursuing the SDGs and ecological transition.
One of the conclusions of the study is that the natural resources that are most impacted
within the tourism sector are food, water, and energy, and the main stakeholders to be
actively monitored are the users (or consumers) and the managers. Besides, companies and
consumers should develop a positive attitude toward the implementation of economic and
environmentally friendly-blended performance, whereas researchers should investigate
each stage of the supply chain, from raw material supply to consumer behavior. Although
the selected papers represent a small sample for inference, such scientific research still
provides useful quantitative data for understanding the main sustainability trends in the
food service and lodging accommodation industries.

As regards the limitations of the present research, one refers to the small number of
peer-reviewed articles and proceedings that were investigated, explained by restricting
the approach of the research to the food service industry and the lodging accommodation
industries. Another limitation was the language criteria for inclusion. The present research
contains only articles and proceedings published in English that are included in the WOS
database while excluding books. To enlarge the research base, the authors intend to expand
this research to other databases, like Scopus and Elsevier and also to include books and
book chapters. Lastly, our research has a timespan between 2015–2021 and does not make a
distinction between articles published before or during the COVID-19 pandemic, owing
to the main purpose of the paper as being focused on monitoring the overall ecological
transition of food services and lodging accommodation activities, setting a starting point
for future research.

Future research directions will broaden the time span of the current study, as well
as the research strings selected for screening, providing a comparative analysis among
geographical areas and distinguishing between before, during, and after the COVID-19
pandemic. If it is true that an ecological transition ensures resilience soon after economic
crises and natural disasters, a future extension of the present research based on the use of
either quantitative or quantitative indicators, will confirm this assumption.
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Appendix A

Table A1. VOSviewer clusters, items, links and occurrences.

“Food Cluster” (17 Items)

Items Links Total Link Strength Occurences

Access 32 43 5
Association 26 58 9
Body Mass Index 20 36 5
Canada 29 37 4
Child 8 11 3
City 26 36 7
Cycle 17 22 3
Fast Food 17 26 3
Fast Food Restaurant 26 41 6
Food 30 37 6
Food Environment 23 39 6
Home 31 44 5
Obesity 23 38 5
Policy 22 24 6
Population 24 40 5
Resident 16 19 3
U.S. 16 17 3

“Water Cluster” (15 Items)

Items Links Total Link Strength Occurences

Climate 10 11 3
Health Resort 9 10 3
Hotelier 9 10 3
Implementation 17 17 4
Pool 14 18 3
Possibility 10 13 4
Recreational Water 12 17 3
Requirement 17 18 4
Risk 30 46 9
Time 29 37 8
Type 34 44 9
Use 28 34 8
Water 24 35 8
Water sample 14 20 4

“Customer cluster” (12 Items)

Items Links Total Link Strength Occurences

Attention 27 33 5
Cause 19 23 3
Consumer 21 30 5
Context 26 38 5
Food waste 21 26 4
Government 26 32 4
Hospitality Industry 25 35 5
Interest 20 24 4
Market 15 15 4
Patron 19 24 3
Restaurant Industry 24 30 6
Week 25 27 3
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Table A1. Cont.

“Corporate Cluster” (11 Items)

Items Links Total Link Strength Occurences

Company 14 16 3
Culture 11 11 3
Customer 30 44 9
Customer Satisfaction 8 10 3
Dimension 22 28 6
Evidence 17 18 5
Hotel Industry 14 18 4
Order 15 19 6
Task 7 7 3
Work 17 18 3
Work Environment 10 11 3

“Energy Cluster” (10 Items)

Items Links Total Link Strength Occurences

China 7 8 4
Energy 16 19 6
Interaction 19 20 3
Investment 12 12 3
Lack 11 11 3
Natural Environment 10 11 3
Spa 14 16 5
Star Hotel 11 12 3
Sustainable
Development 12 13 5

Total 13 14 3

Appendix B

Table A2. Multidimensional monitoring dashboard using selected indicators.

RQ Cluster Selected Indicator Scope Reference

1 Food Body Mass Index Health [76]
1 Food Weight Gain Rate Health [77]
1 Food Healthy Eating Index Health [78]
1 Food Nutrition Environment Measures Health [79]
1 Food Leftovers Rate Waste [80]
1 Food Food Waste Rate Waste [75]
1 Food Organic Waste Treatment Air, Water, Energy [81]
1 Food Food Waste Reduction Waste [82]
1 Food Indoor Air Quality Air [83]
1 Corporate Environmental Impacts Indicators Air, Water, Energy, Waste [84]
1 Corporate Productivity, Human Centered Indicators Energy, Health [85–87]
1 Corporate Employees Turnover Rates Health, Economic [88]
1 Corporate Sustainable Service Innovation Air, Water, Energy [89]
1 Corporate Restaurant Social Media Index Economic [90]
1 Customer Healthiest Country Index Air, Water, Energy, Health [91]
1 Customer Urban Vitality/Building Footprints Air, Water, Energy [92]
1 Customer Secondhand Smoke Rate Air, Health [94]
1 Customer Fast Food Responsible Behavior Air, Water, Energy [93]
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Table A2. Cont.

RQ Cluster Selected Indicator Scope Reference

2 Corporate Waste Reuse/Recycling Rates Waste [95]
2 Corporate Sustainability Performance Indicator Air, Water, Energy [96]
2 Corporate Economic Performance Economic [97]
2 Corporate Financial Performance Economic [98]
2 Corporate GST Council Hotel Criteria Indicators Air, Water, Energy [99]
2 Corporate Environmental/Economic Performances Air, Energy, Economic [100]
2 Energy Energy Use/Renewable Energy Use Energy [101]
2 Energy Chiller Power Use Rate Energy [102]
2 Energy Building Energy Savings Retrofitting Energy [103–105]
2 Energy Clean Energy/Solar Power Ratio Energy [106]
2 Water Water Physical and Chemical Parameters Water, Health [107]
2 Water Water Physical and Chemical Parameters Water, Health [108]
2 Water Water Physical and Chemical Parameters Water, Health [109]
2 Water Water Physical and Chemical Parameters Water, Health [110]
2 Water Water Savings Rate Water, Energy, Economic [111]
2 Customer Garbage Rate, Fumes Rate Air, Waste, Health [112]
2 Customer Sustainable Maintenance, Energy Rate Air, Energy, Health [113]
2 Customer Hotel Ecosystems Rate Air, Health [114]
2 Food Local Cuisine Rate Health [115]
2 Food Food Waste Rate Waste [111]
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Abstract: Conventional and intensive agriculture systems represent an environmental challenge.
This research aims at evaluating the economic and environmental implications of conventional and
organic durum wheat production in Southern Italy by applying material flow analysis and the crop
accounting method. The purpose is to evaluate and compare the natural resource consumption,
waste generation and economic profitability of conventional and organic durum wheat farming,
respectively. The functional unit is one hectare of cultivated land. System boundaries encompass all
agronomic operations, from cradle to gate. The research applies a bottom-up approach and relies on
either primary or secondary data. It emerges that organic durum wheat production reduces the use
of synthetic chemical and phytosanitary products, as well as plastic waste, by up to 100%. Moreover,
it decreases diesel use by 15%, with a consequent reduction in CO2 emissions, and also avoids
soil and groundwater pollution. From an economic perspective, gross income for conventionally
farmed durum wheat is still 55% higher compared to organic production. Public authorities should
boost environmental sustainability by supporting organic production from either an economic or a
social perspective, by enhancing the sharing of best practices, by certification for farmers’ groups, by
research and innovation, and by incentives in taxation. Overall, this research represents a further step
towards the adoption of sustainable agricultural practices.

Keywords: crop accounting; environmental sustainability; material flow analysis; resource management;
organic farming; sustainable agriculture

1. Introduction

Conventional and intensive agriculture systems represent an environmental chal-
lenge [1]. Although the food system as a whole has enhanced agricultural yields through
the adoption of monitoring crops’ growth [2], accurate weather prediction technologies [3],
and novel crop protection methods [4], to meet demand for food commodities and reduce
hunger [5], such a rapid rise in productivity has had a detrimental effect on the environ-
ment. Among other issues, agricultural production is responsible for soil degradation,
biodiversity losses, water pollution and climate change [6,7]. As reported by Ritchie and
Roser [8], half of habitable land worldwide is used for agriculture, accounting for over
51 million km2. For crop production (excluding animal feed), a figure of over 11 million
km2 of land has been estimated. Further, crop production for human consumption accounts
for over 21% of food production emissions, equivalent to approximately 2.8 Gt of CO2eq [9].
In Italy, agricultural greenhouse gas (GHG) emissions have been estimated at 418 kt of
CO2eq and represent the highest in Europe after Germany (810 kt of CO2eq) and France
(443 kt of CO2eq) in 2019.

In the field of wheat production, Ritchie and Roser [8] have estimated that more than
3.8 m2 of land is required to cultivate one kilogram of wheat, while the entire wheat chain
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generates more than 1.5 kg of CO2 per kilogram of product (i.e., more than 50% is due to
land use and farm management operations). Conventional crops are characterized by higher
yields and profits compared to organic ones [10]. However, better economic performance is
supplemented by negative externalities. From the environmental perspective, conventional
crops cause soil depletion, groundwater pollution, and atmospheric contamination, as well
as requiring extensive use of agrochemicals [11]. Further, from the economic and societal
perspective, conventional crops are less likely to meet the increasing market demand
for sustainable products [12], thereby frustrating international and national directives on
sustainable production strategies, such as the Farm to Fork Strategy [13]. On the other
hand, organic farming is defined as a system which relies on ecosystem management rather
than external agricultural inputs and which eliminates the use of synthetic inputs such as
synthetic fertilizers and pesticides, veterinary drugs, genetically modified seeds and breeds,
preservatives, and additives [14]. It provides a sustainable alternative to conventional
farming [15] since energy use per hectare of land. and levels of GHG emissions are both
lower compared with conventional crops [16]. From the ecological perspective, organic
farming does not revolutionize the soil structure, does not release polluting substances
into nearby water bodies by leaching, and does not use chemicals which damage the
ecosystem [17].

Recent studies [18] have found that although organic farming provides reliable en-
vironmental benefits and contributes towards food safety and food security goals, it also
increases variability in crop yields, producing financial risks for farmers in terms of volatile
profitability. This brings to light a critical issue in terms of environmental protection and
economic growth: organic farms promote biotic abundance, soil carbon, and profitability,
but conventional farms produce higher yields [18]. On the other hand, it has been argued
that ecological and economic outcomes depend either on the adoption of different manage-
ment systems (i.e., conventional or organic) or on crop types, underlining that each case
must be treated individually.

In the quest for a fair trade-off between economic growth and environmental protec-
tion, the present research aims at evaluating the economic and environmental impacts of
conventional and organic durum wheat (Triticum turgidum L. subsp. durum) production in
the Apulia region (Southern Italy) by material flow analysis (MFA) and by crop accounting.

To the best of the authors’ knowledge, there have been no studies which have combined
these two methodologies to assess similarities and differences between these two types of
farming systems in terms of natural resource consumption, waste generation and economic
profitability. The originality of the present research thus relies on considering these factors
in an attempt to fill in the academic data gaps. Specifically, the MFA produces transparent,
comparable and replicable data, both quantitative and qualitative, and it identifies the
hotspots of these two farming systems.

Finally, this research contributes to the integration of academic and practitioner knowl-
edge in the field of durum wheat farming, representing a further step towards the adoption
of sustainable agricultural practices.

2. Theoretical Background

Durum wheat is the tenth most important crop worldwide and is cultivated in three
main areas, namely: the Mediterranean basin; the northern United States and Canada;
and the desert areas of the southwest United States and northern Mexico [19]. In addition,
durum wheat is the most cultivated cereal crop in the Mediterranean basin [19] and is
essential in the Mediterranean diet, being the basis for the production of four different
products: pasta, couscous, bulgur and bread.

On a global scale, durum wheat annual production has declined from 37 Mt in 2018 to
33.6 Mt in 2020 (−9%) [20] and represents approx. 4% of entire wheat production (895 Mt in
2020) as reported by FAOstat [21]. It is estimated that the European Union (EU) produced
7.3 Mt of durum wheat in 2020, with a cultivated land area of 2,199,000 ha and an average
yield of 4 t/ha [22]. Italy is the largest EU producer of durum wheat, accounting for approx.
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4 Mt cultivated on 1,210,415 ha of land. The Apulia region is the biggest producer of
durum wheat in Italy, recording 0.99 Mt of durum wheat production in 2020 (24% of total
Italian production) [23]. Moreover, the Apulia region has the largest area of Italy devoted
to durum wheat farming, estimated at 344,400 ha in 2020, compared to 283,870 ha in 2010
(+21%) [24].

Several articles on durum wheat have been published in Italy in the fields of environ-
mental sciences, social sciences, energy, and business management. In terms of organic
farming, durum wheat is cultivated on more than 140,000 ha (10% of the total durum
wheat cultivated land). Southern Italy, including Apulia, Sicily, Calabria and Molise, has
contributed most to the organic conversion, covering over 50% of all organic cultivated land
in Italy [25]. From the consumption perspective, of the rate of durum wheat self-sufficiency
(apparent production/consumption) has been estimated at 56% [26].

Lately, researchers have applied the life cycle assessment (LCA) to improve the man-
agement of agri-food companies involved in whole-grain durum wheat pasta production,
and to assess the energy and environmental impacts of durum wheat bread [27]. Such
studies have estimated that the major environmental impacts along the entire wheat chain
are generated during the cultivation stage, but no comparison has yet been made between
conventional and organic farming. Furthermore, Todorović et al. [28] have investigated
the different impacts of water and nitrogen on durum wheat eco-efficiency in the Mediter-
ranean area, highlighting the need to adopt agronomic practices with low use of resources
and higher eco-efficiency. Sustainable practices must address both precision agriculture and
optimization of water and fertilizers, enhancing environmental, resources and economic
performances at the same time. Similar results have been obtained by Alhajj Ali et al. [29],
which have estimated wheat-cultivation-related GHG emissions and have evaluated lower
carbon footprints associated with improved productivity and minimum inputs. Results
like these suggest that the main contributors to negative emissions are farm inputs, as
well as nitrogen fertilizers and pest management techniques [29,30]. As regards water
footprints, several authors have stressed the importance of responsible water use [30,31]
and have highlighted organic pest control and proper manure use as drivers to reduce
water consumption towards sustainable practice levels [32,33].

As regards the comparison between conventional and organic wheat farming, several
articles have investigated organic wheat quality and consumers’ preferences [34,35] but
few authors have compared the economic and environmental impacts associated with con-
ventional and organic durum wheat farming, respectively. Montemurro and Maiorana [36]
have estimated that conservative agricultural practices such as crop rotation, shallow tillage
and organic fertilizers can reduce environmental impacts and contribute towards sustain-
able agriculture, whereas Tudisca et al. [37] highlighted a higher gross margin for organic
durum wheat compared to the conventional crop, due to lower variable costs and higher
production values. Further in-depth comparisons between conventional and organic crops
have been conducted by Fagnano et al. [38], with the aim of evaluating the agronomic,
technological, sensory and sanitary qualities of grains and pasta, but without assessing
environmental consequences. In the field of water consumption analysis in Italy, relevant
literature has considered the water footprint to evaluate the environmental and sustain-
able performance of companies. Ruini et al. [39] considered this indicator with respect
to pasta production, highlighting its role in informing better decision-making regarding
plant management, supplier collaboration and interaction between policy-makers and
communities [40].

In addition to the environmental impacts of durum wheat production, and the eco-
nomic savings arising from the adoption of innovative technologies [41], researchers have
been interested in contractual arrangements within the Italian durum wheat sector [42]. It
has emerged that Italian farmers are more likely to accept contractual clauses related to
food quality than to adopt sustainable agronomic practices, highlighting the need to align
economic incentives with environmental goals through measurable socio-environmental
targets in contractual clauses [43]. It means that farmer preferences towards conventional
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or organic practices are not only financially driven but depend on several variables, such
as social or financial ones [24].

3. Materials and Methods

The present research applies: (i) the MFA, to compare conventional and organic
durum wheat production in terms of natural resource consumption and waste generation
(Section 3.1); and (ii) the crop accounting method, to calculate economic indicators, such as
gross income, total revenues and total costs (Section 3.2). The present research adopts a
stepwise approach, as proposed by Bux and Amicarelli [44], and Hendriks et al. [45], as
follows: (a) identification of the qualitative system, including functional unit, material flows
and system boundaries definition; (b) assessment of the quantitative system along the entire
supply chain, including energy and water use; (c) calculation of either the conventional
or the organic durum wheat production level through an input–output table [46,47]; and
(d) evaluation of the results by the crop accounting method. Section 3.3 describes the data
collection process according to a bottom-up approach, which relies both on secondary data,
taken from national and international reports, scientific research and official databases; and
primary data, provided by a Southern Italian farm located in the Apulia region.

3.1. Material Flow Analysis

The MFA can be defined as “a systematic assessment of the state and change of
materials flow and stock in space and time” [47] and has been applied with success at
micro-, meso- and macro levels [48]. Some studies have explored local cereal supply chains
from an economic, social and environmental perspective to aid decision-making [49], while
others have evaluated energy use, GHG emissions, land use, use of pesticides, and blue
water footprints associated with cereal production [50].

The authors selected one hectare of land as functional unit. Some authors have
proposed 1 t of wheat produced as a functional unit [51,52], but such a unit is excessively
influenced by the yield level, thereby compromising results and leading to incomparable
outcomes [53]. Although the analysis of conventional durum wheat was conducted from
October 2014 to June 2015, while the investigation of organic durum wheat was carried
out between October 2019 and June 2020, the research relies on common characteristics in
terms of structure and composition of the soil, organic endowment, crop in precession and
water endowment.

As regards the system boundaries, the analysis encompasses all agronomic opera-
tions [54], from agricultural production to storage and warehouse operations (i.e., from
cradle to farm gate). Conventional durum wheat production system boundaries include:
(a) plowing, harrowing, and sowing; (b) fertilization; (c) chemical weeding and phytosan-
itary treatments; (d) combine harvesting (for third parties), straw harvesting (for third
parties), and transport. Organic durum wheat system boundaries include: (a) light harrow-
ing (or false sowing), sowing, tillage, and harrowing; (b) mechanical weeding; (c) combine
harvesting (for third parties), straw shredding (for third parties), and transport. From a
circular economy perspective, the straw on the field is subjected to shredding and sent
to the fertilization phase together with the manure. The cradle-to-gate boundaries allow
researchers to replicate the MFA in other geographical areas, and to compare trends and re-
sults obtained over time [55]. As regards the organic farming, durum wheat was cultivated
according to a defined organic regime, as stated by the Council Regulation (EC) 824/2007
on organic production and labelling of organic products [56].

As regards the investigation of material flows, the authors consider material inputs
such as seeds, fertilizers (i.e., urea, N, K, K2O, O2) and herbicides, as well as plastic nets for
collecting and storing straw. Further, considering resource and energy inputs, the research
takes water and diesel consumption into consideration. On the output side, the authors
give an account of CO2 emissions, plastic and paper waste (e.g., packaging), fertilizers
and pollutants, wheat losses and straw. For an assessment of water consumption, the
authors consider the average rainfall trends for the reference years (i.e., from October 2014

108



Sustainability 2022, 14, 9143

to June 2015; and from October 2019 to June 2020) recorded by Protezione Civile Puglia [57].
Rainfall trends have been considered comparable in both years [58,59]. For conventional
farming, it is estimated that rainfall represents 90% of the entire water consumption by du-
rum wheat, whereas for organic farming the figure is 100%. Overall, conventional farming
requires 5225–5775 L/ha, whereas organic farming requires approx. 3610–3990 L/ha. As
regards the organic method applied in the research, it assumes no use of synthetic fertilizers
and chemicals, when ancient and indigenous grains are considered.

Figure 1 illustrates system boundaries and material flows for either conventional or
organic durum wheat production. Cultivation and seeding include operations such as
deep harrowing, ploughing, harrowing and seeding, followed by fertilization and chemical
weeding for conventional durum wheat. In addition, mechanized harvesting and transport
from field to warehouse are taken into consideration.

Figure 1. System Boundaries and Material Flows for the Durum Wheat Production. Notes:
CP = conventional durum wheat production (yellow panels); OP = organic durum wheat production
(green panels). Source: Personal elaboration by the authors.

3.2. Crop Accounting Method

As regards economic data, the authors consider a pre-pandemic scenario (i.e., baseline)
and apply an estimate, budget, and costing tool defined as crop accounting. This represents
a useful tool for crop enterprise management, since it considers all costs of growing crops
until harvesting time [60]. In the case of conventional durum wheat, such an approach
accounts for the costs of plowing, harrowing, sowing, fertilization, weeding, phytosanitary
treatment, harvesting, and transport to the collection center. For organic production,
the approach encompasses the costs of subsoiling, harrowing, sowing, fertilization (soil
improver), mechanical weeding, harvesting, shredding, and transport to the collection
center. This method calculates the gross income as the difference between total revenues
and total costs associated with 1 t of durum wheat per ha (i.e., the functional unit). Either
secondary data (i.e., national and international reports, scientific research, database), or
primary data (i.e., site-specific data provided by a Mediterranean farm) are used to calculate
the economic indicators.
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3.3. Data Collection

Data collection represents a challenging step in MFA [61]. In Southern Italy, there is a
lack of reliable, up-to-date data concerning water, nitrogen and carbon recycling, and the
same applies in the case of carbon and nitrogen dioxide emissions [62]. Moreover, some
criticalities are related to agricultural and transport operations on behalf of third parties.
Bottom-up approaches provide more detailed information on material flows, offering a
suitable empirical basis for practitioners and for academic research [63]. Furthermore,
to acquire reliable data on conventional and organic durum wheat, the authors have
adopted the research triangulation paradigm [64,65]. Such an approach combines data and
observations at farm level and helps in boosting the credibility and validity of research
findings [66]. As regards single material flows, data relating to seeds, fertilizers, diesel,
urea, electricity and herbicides have been provided by an Apulian farm and compared with
secondary data from scientific articles applying the life cycle assessment in Sicily [25], as
well as the carbon and water footprints of Italian production [27–29]. Moreover, data related
to nitrogen and water inputs have been compared to those provided by Todorović et al. [26]
in the Mediterranean area. Straw, plastic and paper waste are primary data, whereas
CO2 emissions have been compared with Tedone et al. [17] and Alhajj et al. [27], which
investigated GHG emissions from durum wheat production.

Table 1 illustrates the input–output table for either conventional or organic durum
wheat production. As regards data uncertainties, the authors have determined a ± 5%
error rate which encompasses measurement errors associated with the databases needed
to conduct the MFA, data gaps due to confidentiality rules, errors due to assumptions
or simplifications, and errors due to conversions into mass weight or the downscaling
of data [67]. In addition, such an error rate takes into consideration the variability of
agricultural activities. As regards rainfall trends, data have been taken from Protezione
Civile Puglia [57]. Further, groundwater used by the crop has not been estimated, and
rainwater has not been discounted by the crop coefficient of waste use [68].

Table 1. Input–Output Table for the Durum Wheat Production (Functional Unit: 1 ha).

Input–Output Table
Conventional

Production
Organic Production

Material Flows Unit Min. Max. Min. Max.

Input

Seeds kg/ha 142.5 157.5 142.5 157.5
N kg/ha 118 α 131 α 204 β 226 β

P kg/ha 57 63 28.5 γ 31.5 γ

K kg/ha 95 105 68.4 75.6
Diesel MJ/ha 148.2 163.8 127.3 140.7
Urea L/ha 11.4 12.6 8.6 9.5
Electricity MJ/ha 6070.5 6709.5 5198.4 5745.6
Herbicides kg/ha 4.7 5.2 0 0
Water L/ha 5225 δ 5775 δ 3610 ε 3990 ε

Output

Durum
wheat kg/ha 3087.5 3412.5 2185 2415

Straw kg/ha 2850 3150 1995 2205
Paper
waste kg/ha 3.8 4.2 3.8 4.2

Plastic
waste kg/ha 6.4 7 0 0

CO2
emissions kg/ha 399 441 339.1 374.9

Notes: α 20% from culture in precession, 80% of synthetic nitrogen; β 12% from culture in precession, 82% from
soil conditioner, 6% from straw burial; γ 100% from soil conditioner and straw burial; δ 10% from water treatments,
90% from rainfall; ε 100% from rainfall. Source: Personal elaboration by the authors.
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4. Results and Discussion

4.1. MFA Results

Figure 2 illustrates the MFA for 1 ha of conventional durum wheat while Figure 3
shows the MFA for 1 ha of organic durum wheat. Organic farming does not rely on miner-
alized fertilization; it requires urea, K fertilizers and manure. From a circular perspective,
natural fertilizers come from straw compost and residual straw elements. Additionally, no
plastic packaging is generated during cultivation and seeding, fertilization or weeding. As
regards diesel consumption, less fuel is required either for cultivation and seeding (−25%),
or for fertilization (–55%). Considering that herbicides and plant protection products are
not applied, and a weeding stage is not carried out, an additional 8.8–9.8 L/ha of diesel are
saved. On the contrary, more diesel is required for the straw shedding stage (+43%). From
a waste management perspective, plastic waste is totally avoided (from –7 to –6.4 kg/ha),
and CO2 emissions are reduced by approx. 15% (from 399–441 kg/ha to 339–374 kg/ha).

As regards the results from the water consumption analysis, it emerges that 5225–
5775 L of water, of which 4702–5198 L is rainfall, are required to produce 3087–3413 kg
of conventional durum wheat. The water consumption rate is estimated at 1.69 L/kg, of
which 0.17 L/kg is the result of from irrigation. On the other hand, 3610–3990 L of water
(100% rainfall) are required to produce 2185–2415 kg of organic durum wheat. The water
consumption rate is assessed at 1.65 L/kg.

Figure 2. Material Flow Analysis for 1 ha of Conventional Durum Wheat. Source: Personal elabora-
tion by the authors.
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Figure 3. MFA for 1 ha of Organic Durum Wheat. Source: Personal elaboration by the authors.

Crop accounting for conventional and organic durum wheat considers average yields
of 3.2 t/ha and 2.3 t/ha, respectively, while average prices are estimated at EUR 300/t
for conventional durum wheat in 2014/2015 and EUR 420/t per organic durum wheat
in 2019/2020. As regards straw, its price has been estimated at EUR 90/t and its yield
at 3 t/ha. Table 2 illustrates the crop accounting for conventional and organic durum
wheat production. At first glance, although conventional production costs are higher
than organic production costs (+21%), it emerges that conventional durum wheat is more
profitable (in terms of gross income) compared to organic durum wheat production. From
an operational perspective, organic farming is less expensive considering that complex
and environmentally impacting operations (i.e., plowing, cover fertilization, weeding, phy-
tosanitary treatments) are absent. On the other hand, organic farming does not generate any
revenues from straw selling, since straw is used as natural fertilizer for further cultivation
and requires additional operations such as subsoiling (75–82 EUR/ha), basic fertilization
(228–252 EUR/ha), mechanical weeding (57–63 EUR/ha), and collection and shredding
(133–147 EUR/ha).
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Table 2. Crop Accounting for Conventional and Organic Durum Wheat Production in EUR/ha.

Crop Accounting Method CDW (Min.) CDW (Max.) ODW (Min.) ODW (Max.)

Revenues

Revenues durum
wheat 912 1008 917.7 1014.3

Revenues straw 256.5 283.4 0 0
Total revenues (a) 1168.5 1291.5 917.7 1014.3

Costs

Plowing 190 210 0 0
Subsoiling 0 0 75.05 82.3
Harrowing 123.5 136.5 47.5 52.5
Sowing 190 210 190 210
Cover fertilization 128.3 141.8 0 0
Basic fertilization 0 0 228 252
Weeding 59.9 66.2 0 0
Mechanical
weeding 0 0 57 63

Phytosanitary
treatments 80.8 89.3 0 0

Collection 114 126 0 0
Collection and
shredding 0 0 133 147

Transport to the
collection center 39.9 44.1 31.4 34.7

Total costs (b) 926.5 1023.8 762 842
Gross income (a–b) 242.3 267.8 156 172

Notes: CDW = Conventional durum wheat; ODW = Organic durum wheat. Source: Personal elaboration by
the authors.

4.2. Managerial Implications

Among its strengths, organic durum wheat farming enhances water retention and soil
porosity through the presence of roots and soil microfauna. Moreover, from an environmen-
tal point of view, organic farming ensures lower environmental impacts by reducing the
use of synthetic chemicals and phytosanitary products by up to 100% [69]. Similar benefits
occur in terms of plastic waste, which is also reduced up to 100%, and the use of diesel,
which is reduced by 15% (with consequent reduction in CO2 emissions). In the same light,
soil and aquifer pollution is avoided, as is the use of external materials, with associated
damage to the surrounding environment (i.e., flora and fauna) [70]. From an economic
perspective, organic production guarantees a positive, albeit reduced, margin. Finally, com-
pliance with the Council Regulation EC/824/2007 on organic production and labeling of
organic products allows for more attention, more analysis and the acquisition of experience
in soil management by agricultural operators [71]. Considering future opportunities for
organic durum wheat production, it is now possible to sign supply chain contracts cheaper
than those signed for conventional production [72]. Moreover, genetic improvement and
assisted evolution technologies, wheat grafting and the use of more efficient biostimulants
could all be used in the future [73].

On the other hand, some weaknesses in organic farming have been evaluated, which
may suggest a continuing preference for conventional rather than organic farming. Or-
ganic crops are affected by fungal diseases and erosion, and incur rather high production
costs [74,75]. Furthermore, the required land use is higher than with conventional crops. It
is estimated that, with a 25 to 64% increase in land use, there is a 20% to 45% lower yield
compared to conventional crops (i.e., conventional yield is 3.2 t/ha, whereas organic yield
is 2.3 t/ha). In terms of threats from climate change and the related consequences for crop
variability, this price differential between organic and conventional products and market
competitiveness in terms of price and/or consumer choice should not be underestimated.

From an economic perspective, organic farming provides lower gross incomes com-
pared to conventional farming. Although farmers take care of the water–energy–food nexus
in farming [76,77] and its related environmental consequences (i.e., higher waste genera-
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tion, increased CO2 emissions, higher water consumption), and even if resource-efficient,
resilient and productive food systems are seen as fundamental to pursue sustainable de-
velopment, still entrepreneurs pursue financial objectives [78]. In the light of the crop
accounting results, it emerges that farmers are still more interested in cultivating conven-
tional durum wheat compared to organic, since gross incomes are approx. 55% higher.
Public authorities should boost environmental sustainability by supporting organic pro-
duction from either an economic or social perspective. Key tools to enhance sustainable
development could include networking for sharing best practices, certification for groups of
farmers rather than for individuals, research and innovation, as well as providing economic
benefits for organic producers, including incentives in taxation [79].

4.3. Limitations and Further Work

The present research provides environmental and socioeconomic data, addressing
managerial concerns regarding the adoption of sustainable agriculture practices. Although
this data concerns Southern Italian durum wheat crops, our research identifies broad
hotspots of wheat production by comparing conventional and organic farming. Due to
its replicability and comparability, it can be enlarged to other areas, as well as to other
agricultural or processing practices. From the farmers’ perspective, EU policies in the
field of organic farming should encourage production and processing by stimulating
conversion and reinforcing the entire value chain. Although the organic farming sector
of the EU has increased by approx. 66% from 2010 to 2020 [80], farmers have reported
insufficient access to stable markets for organic products, representing one of the largest
barriers to economic viability, as well as a lack in information and technical assistance [74].
As a consequence, public authorities must boost consumer demand by preventing food
frauds and strengthening consumer trust, improving traceability, reinforcing organic school
schemes and facilitating the contribution of the private sector [80].

One means of boosting organic farming and increasing farmers’ income is related to
the diffusion of the organic certification, which could increase companies’ visibility and
consumers’ trust. Starting from January 2022, the EU has activated a new organic legislation
(Regulation EU 2018/848 on organic production and labelling of organic products), which
ensures fair competition for farmers whilst preventing fraud and maintaining consumer
reliance [80]. Among other things, the EU action plan aims to introduce simplified pro-
duction rules, strengthen control systems along the entire supply chain, and implement an
easier certification system for small farmers. In the light of the crop accounting analysis and
considering the low incomes of organic durum wheat production, the adoption of group
certification could represent a suitable instrument to both promote conversion to organic
production methods, and maintain existing organic production, by reducing the costs of
certification. Farmers could reduce either the cost of the control visit or the costs associated
with bureaucratic requirements of organic certification, while maintaining quality assurance
systems, and thereby counterbalance the lower incomes of organic production [81].

This research is limited by a lack of up-to-date data on water, nitrogen, carbon recycling
and dioxide emissions by third parties. Moreover, results are influenced by meteorological
and economic variables, such as market prices or inflation. In addition, the research is
limited to a region of Southern Italy (Apulia) and does not allow the extension of its results
to national or international realities. Although MFA provides transparent, comparable and
replicable results under quantitative and qualitative perspective, and highlights hotspots
in processes and stocks, more data are essential to guarantee reliability of results.

Future research directions might include the creation of a suitable inventory of durum
wheat production in the Mediterranean area, by collecting data from as many farms
as possible, and by calculating reliable eco-efficiency indicators [82]. The adoption of
such indicators, which are based on the general concept of output maximization with
resource consumption minimization, could be useful to identify the main environmental
and economic criticalities in the organic and conventional durum wheat production, and
they could also “capture the ecological efficiency of growth by measuring the efficiency of
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economic activities and its corresponding environmental impacts” [83]. Moreover, based
on the present research, the authors are willing to apply the mass-balance approach to
organic and conventional durum wheat production at the macro level (i.e., in Italy).

5. Conclusions

This research evaluated and compared natural resource consumption, waste gener-
ation and economic profitability in conventional and organic durum wheat farming by
applying the MFA and the crop accounting method. The research focused on Southern Italy,
specifically the Apulia region, which produces 0.99 Mt of durum wheat and represents
24% of the entire Italian production and over 13% of total EU production. Durum wheat
represents a staple food, and it is the basis for the production of four essential products in
the Mediterranean diet, namely, pasta, couscous, bulgur and bread.

It emerged that organic durum wheat production has lower environmental impacts,
since the use of synthetic chemical and phytosanitary products, as well as the production
of plastic waste, are reduced by up to 100% compared to conventional organic farming.
Furthermore, such a sustainable agricultural practice allows for a decrease in diesel use
of 15%, as well as related CO2 emissions, which could be reduced from 399–441 kg/ha
to 399–374 kg/ha. In addition, the adoption of organic farming practices enhances water
retention and soil porosity through the presence of roots and soil microfauna. However,
organic crops are subject to fungal diseases, erosion and rather high production costs.

From an economic perspective, although organic farming represents a more sustain-
able agricultural practice, its land use requirement is still higher, compared to conventional
wheat production. It has been estimated that conventional yields are about 3.2 t/ha,
whereas organic yields have been evaluated at 2.3 t/ha. Furthermore, the increase in land
use is still associated with lower gross incomes, since the gross income for conventional
durum wheat production is 55% higher, when compared to organic production.

Overall, public authorities should boost environmental sustainability by supporting
organic production from either an economic or social perspective, and key tools to improve
sustainable development and boost economic benefits while guaranteeing environmental
protection must develop, including networking for sharing best practices among local
farms, as well as enhanced certification for groups of farmers, research and innovation, and
incentives in taxation.
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Abstract: The agri-food and forestry sectors are under increasing pressure to adapt to climate change,
consumer concern, technological and economic change, and complex global value chains. In turn,
such challenges require that the necessary skills and competences are identified at various levels
and within specific areas of the sectors. For that purpose, eleven focus groups in nine different
EU-countries and two at EU-level were organized within the ERASMUS+ project “FIELDS” with
the participation of farmers, cooperatives, agri-food companies, foresters, forest industries, advisors,
and education providers to identify the skills needed in the agri-food and forestry sectors. The focus
group participants identified business and strategic management skills, communication skills, and
other skills related to sustainability, entrepreneurship, digital and soft skills to be most important for
the agri-food and forestry sectors as a whole.

Keywords: education; training; skill needs; farmers; food industry; forestry; focus groups

1. Introduction

Climate change, the greening of products and processes, the reuse of side-stream prod-
ucts, the raised complexity of value chains, and the increased availability of information-
driven novel challenges and opportunities in the agri-food and forestry sectors. Agri-food
systems are highly dependent on climatic changes and integrally considered major world
players in the fight for long term natural resource sustainability and a critical subsystem
for the climate change challenge [1,2]. Furthermore, the agri-food and forestry sectors are
more and more affected by enabling ICT technologies in practically all parts of the value
chain. Such developments draw both sectors into a stream of global level innovation and
lead to a readjustment of skills and job profiles.
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To successfully address and react to these drivers, the agri-food and forestry workforce
needs new skills and competences, which, in turn, require the identification of needed
existing and emerging skills in the categories of bioeconomy, sustainability, and digital
technology. This is necessary to develop a strategic approach keeping the European agri-
food and forestry sectors competitive and sustainable in the long term [3,4].

Significant efforts have been invested in the assessment of skill needs in various
working sectors in the last years [5], and in particular, research has been invested into the
current and future agri-food and forestry workforce.

For the farming sector, literature reviews and bibliometric analyses have been per-
formed on key trends and challenges for higher education regarding the development of
a sustainable and resilient European economy [6]; specifically, farmers’ entrepreneurship
skills [7] and skill needs for professionals to engage in the transition towards sustainable
agriculture [8]. Moreover, empirical research, such as surveys and focus groups, have
been conducted examining skill needs in the precision agriculture workforce [9]; personal,
communication, and leadership skills desired for agricultural and natural resources indus-
try leaders [10]; and skill needs and competences for agronomists to promote sustainable
agriculture [11].

Flynn et al. [12] organized workshops with food industry employers to identify
the most desired knowledge, skills, and competences in the food industry workforce.
Mayor et al. [13] compared the results by Flynn et al. [12] and carried out a survey to
food industry professionals assessing training needs. Furthermore, Handayani et al. [14]
performed surveys to identify green skill needs for food industry vocational graduates
assessing the current skills in small and medium enterprises in the Thai food industry,
and Akyazi et al. [15] developed a database on current and future skills emerging within
Industry 4.0 for different food industry professional profiles.

The forestry skills forum, in its forestry workforce 2021 research report (forestry skills
forum [16], highlighted the increased importance and lack of non-forestry skills, such as
business and commercial skills, digital skills, and marketing/promotional skills. Forestry
programs’ performance in terms of provision of knowledge and skills for contemporary
forestry professionals was assessed [17], while Blanc et al. [18] identified the forestry
training sector stakeholders in the Western Italian Alps and described their characteristics
and priorities in relation to training activities on entrepreneurial topics for forestry loggers.

The ERASMUS+ “FIELDS” project started in 2020 and aims at addressing the current
and future skill needs for sustainability, digitalization, and bioeconomy in the agri-food
and forestry sectors. When the project began in 2020, project partners encroached upon
the assessment of skill needs through a set of activities that begun with the organization
of focus groups (FGs), followed by a European survey and with the implementation of
a future scenario analysis. All these activities were complementary and used later in the
project to design training activities in different European countries.

FGs are small group discussions in which participants respond to a series of questions
focused on a single topic. A skilled facilitator meets with five to twelve people to collect in-
depth qualitative information about the group’s ideas, perceptions, attitudes, or experiences
on the defined topic [19]. FGs originate in marketing research as a method of collecting
information about consumer perceptions and attitudes. Today, FGs are a common data
collection technique in behavioral and social sciences, business, and in many other areas of
knowledge production [20–22]. More specifically in education and training, FGs have been
used in different activities, such as training needs assessment, the development of new
training methodologies, curricula improvement, and marketing strategies for educational
programs [23–25].

FG discussions typically involve face-to-face facilitation, although there is growing
interest in utilizing digital technologies to conduct online FGs because of the many advan-
tages: they are easier to attend, it is possible to recruit participants from different locations
and the time and resources organizations spend are significantly reduced [26]. Another
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advantage is that by using online web-conferencing tools, FGs can be easily recorded,
making the collection and processing of data easier and less time consuming.

In the FIELDS project, eleven FGs were carried out in nine countries during the
period of May to July 2020 to assess the skills and training needs of current and future
professionals of the agri-food and forestry sectors in the areas of sustainability, bioeconomy,
digitalization, soft skills, and business entrepreneurship skills. The FGs, organized at
national (all sectors) and at European Level (Forestry sector and Policy issues), tackled
several aspects related to skill needs and best methodologies to carry out the required
training. The results were later used to develop a European survey on skill needs [27] and
to support a future scenario analysis on the same topic. Due to the COVID pandemic, FGs
were held in online synchronous mode.

This work shows the findings of the first part of the FIELDS FGs related to skill needs,
and also on the FG on policy aspects linked to those needs.

2. Materials and Methods

2.1. Focus Group Guidelines

FG guidelines were prepared by FIELDS project partners to plan, conduct, and report
the findings of the FGs, making sure that a common methodology was followed in all of
them. Due to the COVID-19 situation in spring of 2020, it was decided to conduct all FGs
online using online web-conferencing tools and following guidelines providing specific
online set-up recommendations. While the FGs were structured into two main sections
on skill needs and training methods, this paper deals only with the results from the first
section on skill needs.

2.2. Focus Group Organization

In the recruitment phase, FG organizers recruited between five and ten participants
per FG from at least five of the following stakeholder profiles: farmers, cooperatives, agri-
food companies, foresters, forest industries, advisors, education providers, and others
(policy makers, market actors, consumers, etc.) and participants with proven experience
and/or representing sectors at national level. For the European Forestry and Policy FGs,
European associations representing the education, food, and forest industries, farmers
and farm cooperatives, and trade unions were recruited. FG organizers sent invitations
to participants including an information sheet about the project and an informed consent
form to be filled in by participants beforehand.

2.3. Data Collection Previous to the Focus Groups

Skill categories on (A1) sustainability, (A2) digitalization, (A3) bioeconomy, (A4) soft
skills, and (A5) business entrepreneurship were prepared by project partners allowing
for input from different perspectives and backgrounds: companies, education providers
(vocational education and training organizations, high schools and universities), chambers
of commerce, national associations of cooperatives and agri-food companies, European
representatives of the agri-food and forestry sectors, and others. Within the skill category
of bioeconomy, it was decided to distinguish between agriculture (Table A3a), forestry
(Table A3b), and food industry (Table A3c) skills. The resulting five FIELDS skills lists are
outlined in Appendix A.

For the sake of simplicity, skill lists were shortened, skill concepts kept short, and the
term “skills” was identified as a set of knowledge, skills, and competences related to a
certain topic (as an example, the skill “communication” included the knowledge, skills, and
competences related to communication, and the same applied to all the skills appearing in
the lists).

The five skill lists were sent to all FG participants beforehand. Participants were asked
to rank in order of importance (where one was most important and five least important),
on each of the five skills lists, the five most important skills for the sector they represent
(e.g., farmer, forester, food industry, etc.). Furthermore, participants were asked to look at
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their rankings on each of the five skills lists and select the 10 overall most important skills
among all 25 skills and rank them in order of importance (where 1 was the most important
and 10 the least important). Data was collected by email through excel sheets.

2.4. Running of the Focus Groups

In the period from May to July 2020, eleven online FGs were held, nine at national
level (in Italy, Ireland, Spain/Portugal, Netherlands, Austria, Germany, Greece, France, and
Slovenia) and two at a pan-European level (forestry sector training needs and EU policy
issues). Table 1 shows the composition of the FGs.

Table 1. Composition of the FGs.
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Italy 1 1 2 1 5 3 13 Confagricoltura 4

Ireland 2 2 2 1 3 2 1 13 ICOS 5

Spain/Portugal 1 2 2 3 2 10 FIAB 6

Netherlands 1 1 1 3 2 8 AERES 7

Austria 1 2 1 1 1 5 1 12 LVA 8

Germany 1 1 1 1 3 7 UHOH 9

Greece 1 1 1 2 1 6 EFB 10

France 2 1 3 3 9 AC3A 11

Slovenia 2 1 1 3 1 8 GZS 12

EU-Forest 1 2 2 4 5 14 CEPI 13

EU-Policy 3 1 2 1 4 2 13 FoodDrinkEurope 14

TOT 14 12 12 7 3 35 16 14 113

Superscripts correspond to affiliation information.

Each of the FGs followed the same procedure of conduction and the same questions
(except for the FG Policy) were posed in all of them. All FGs included a facilitator and
a rapporteur, both from the FG organizing institution, who both acted as observers and
from whom no data was collected. In the first section of the FG, participants were asked
to present the three most important skills on their top 10 list and explain why these skills
were important for them, following a Round Robin format [19], where the facilitator asked
each person to respond to the same question in turn. The FGs followed a list of questions
related to skill needs and training methodologies, although this article focuses on the first
Round Robin part.

On average, each FG lasted two hours. They were conducted in the national languages
with different online web-conferencing tools (GoToMeeting, Zoom, etc.) and digitally
recorded for the further processing of information.

2.5. Reporting

Each FG organizer was asked to prepare:

1. An executive summary of the FG.
2. A transcription of the audio file in English. The free YouTube transcription tool

was used when available (depending on the language), and when not, transcrip-
tion was carried out manually from the video recording. When quoting FG partici-
pants, data were anonymized by assigning 5-digit ID strings indicating FG country,
stakeholder profile, participant number, gender, and role in the FG (participant or
moderator/rapporteur).

3. Results and Discussion

3.1. Most Important Skills, All Countries, All Sectors

Ninety-five participants carried out the 10-ranking exercise. Figure 1 shows the most
selected skills in the 10-rankings, considering working sectors and countries as a whole.
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Figure 1. Most selected skills from the skills lists, 10-ranking exercise. In brackets skill numbers from
Appendix A tables.

Viewed independently of the sector or country participants represent, skills related to
business planning/model and strategic management were deemed very important, followed by
communication skills. Skills related to doing business, including business management and
planning and financial and economic understanding were relevant to all types of stakehold-
ers represented in the FGs. As a cooperative advisor said in the Spanish/Portuguese FG:
“All our farmers, forest producers, industries, are in a field of economic development and it
must be very clear what their role is, how value is generated, how profit is generated. I have
seen how farmers have been successful, even as entrepreneurs, many times in businesses
that they did not know [ . . . ] But I think they started from a base of understanding the
business”. Additionally, the need for understanding business and where it is going so as
to adapt to current and future challenges was mentioned: “we need to sort of reassess
what we do on a day-to-day basis, we can’t push additional costs onto the customer, and
understand where business is going and be prepared for what’s happening in the future”
(agri-food industry, Irish FG). In this sense, Bröring and Vanaker [28] stressed the need for
designing new business models from a bioeconomy perspective to enable the translation of
new emerging technologies into value propositions and, thus, product–market applications.

Following skills related to business planning/model and strategic management, FG par-
ticipants identified digital skills to be very important. While digitalization is here to stay,
participants also recognized that digital skills entail communication skills and that the
acquisition of more demanding digital skills is equally important. As an education provider
said in the French FG: “[ . . . ] is something that is of fundamental importance today and
we realize that codes and instructions for use are not necessarily mastered by everyone”.
In the same vein, the European Commission stated: “Information and communication
technologies profoundly and irreversibly affect the ways of working, accessing knowledge,
socializing, communicating, collaborating—and succeeding—in all areas of the professional,
social, and personal life of European young people and citizens” [29].

FG participants addressed the importance of communication skills at different levels:
among day-to-day collaborators, among different actors of the agri-food and forestry
sectors, and with consumers and society in general; emphasizing not only one-way commu-
nication but as a tool for engagement and interaction with networks and for collaboration
concerning higher-level topics, such as sustainability. As a cooperative participant in the
Irish FG said: “there’s a vast amount of stakeholders that we need to engage with whether
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that’s our own shareholders, board employees, customers, so I think communication skills
are critical in terms of creating a rationale for change and making sustainability or some of
the complex concepts much more accessible and putting them into more layperson’s terms”.
Additionally, the ability to inform and create awareness about processes and decisions to
various stakeholders was highlighted as an important aspect of communication skills: “I
think that everywhere we have attacks on agriculture [ . . . ] and that agriculture does not
know how to communicate what it does, the food it produces daily for everyone and in the
times we are living, is important the skill to communicate and learn to publish what we
do” (farm advisor, Spanish/Portuguese FG). Communication and social cooperation were
identified as skills strongly related to employability for the 21st century [30].

Skills related to sustainability were selected by participants and within this category
skills for mitigation and adaptation to climate change, by-products and coproducts valorization,
and good agricultural practices particularly. Skills for mitigation and adaptation to climate
change were regarded as important to find solutions to exacerbate climate conditions and
important for contributing to more sustainable and adaptable agri-food and forestry sectors.
As a farmer of the Austrian FG commented: “[ . . . ] weather and the climate are constantly
changing and extreme weather events must be taken into account, and we must find
solutions to this and make adjustments, especially in the producing sector of agriculture”.
Skills for mitigating and adapting to climate change were also connected to communication
skills and the ability to inform and create awareness in society about actions taken by
key actors for environmental sustainability. As a cooperative participant from the Irish
FG emphasized: “It’s absolutely critical that we will be employing people that know this,
that are able to talk about this and who can basically go one-to-one with de NGOs and
others that are attacking our sector”. Skills for valorizing by products and co-products were
found important in the context of circular economy, resource efficiency, and conservation;
their use as an energy source; for innovative product development; or as an opportunity
for creating or relocating jobs. As a representative from an agri-food company in France
said: “I think that a fundamental element for the bioeconomy is also the knowledge of
potential resources, and more specifically the biomass field, there is training to be done
in this area”; an Austrian farmer commented: “By-product use and economic usability, is
again connected with the bioeconomy, that new value added chains can open up, and if you
have something innovative that you can bring to market”; and a French education provider
indicated: “When you need jobs that cannot be relocated, the bioeconomy is one of the
major activities that allows that, the valorization of co-products is one of them”. Skills for
good agricultural practices from a sustainability perspective were also selected as important
for solving day-to-day problems in farming operations, while the normative aspect of these
practices was also noted as a market requirement. As a cooperative participant in the Greek
FG said: “It is not enough just to harvest and transport to the premises of the cooperative,
the product must also meet all these characteristics required by the market. The standards
that our customers ask (GLOBAL GAP, ISO . . . ) are essentially the standards that we give
priority to our producers”. In this regard, viewing practitioners as change-agents in the
move towards more sustainable agri-food chains was also maintained. As an advisor in the
Iris FG commented: “[ . . . ] to have and to get really simple practices out there into practice
on farms to try and give people the confidence, and I suppose an attitude change to how
they can do an awful lot to contribute towards those challenges in terms of climate”.

Skills for sustainable forest management practices and planning were also regarded as
important, including forest regulations on sustainability. As a farmer participant in the
Austrian FG put it: “[ . . . ] forestry already has many regulations on sustainability, and
yet there is still more pressure coming from the NGOs in the direction of more and stricter
sustainability requirements in the forestry sector”. Additionally, innovative forestry prac-
tices and products were highlighted: “there are some sustainable products, what you
can or cannot make out of wood, so there is also the term non-timber forest products. I
believe that a great deal of knowledge can and should still be created here” (forest industry,
Austrian FG).
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Soft skills related to organization, planning, visioning, and strategic thinking were men-
tioned as important for looking ahead and making sound and long-term choices and
decisions. As a cooperative participant of the Spanish/Portuguese FG said: “To do a strate-
gic planning, your digitization needs, your logistics needs, your training of personnel. Not
in all agri-food companies has the culture of strategic planning been acquired and it is fun-
damental”. Along the same lines, an education provider in the Slovenian FG pointed out:
“We focus too much on the present or on some short-term survival decision-making. Too
little emphasis is given to strategic thinking”. Bikse et al. [30] identified perspective taking as
a core skill for employability in the 21st century and also as organizational skills [15].

Skills for the efficient use of resources and logistics were regarded as important for sus-
tainability and for business reasons. Skills for handling and analyzing data were seen not
only as technical skills but also related to issues such as GDPR and ethics. As an education
provider in the Spanish/Portuguese FG said: “This is not only the matter of analyzing the
information at a technical level, but it also has many things associated with it: using our
personal data and privacy issues, ethical issues . . . that is, using the information well”.
Furthermore, creating awareness about the strong potential that data handling and analysis
may have in agriculture and forestry was emphasized by a farmer in the French FG: “Data
processing and analysis aspect is only in its infancy. Farmers are big producers of data,
but these are not fully exploited because of a lack of effective and competent treatment,
certainly on the part of farmers. There is also a lack of visualization of the interest that this
can have, particularly in pooling and massifying data”. As reported by the European Com-
mission [31], the transition towards Industry 4.0 will require workers to interact with digital
interfaces and analyze larger amounts of data in their day-to-day decisions. The awareness
of data security and protection will acquire importance as will trust in new technologies.

FG participants’ ranking of the most important skills, considering working sectors
and countries as a whole (Figure 2), show that the non-technical skills of business and
entrepreneurship and soft skills (together accounting for 40% of all skills), followed by
sustainability and digital skills, predominate the ranking, while technical bioeconomy skills
in the agri-food and forestry sectors are less pre-eminent.

 

Figure 2. Distribution of skills in categories, 10-ranking exercise.

3.2. Most Important Skills by Producing Sector
3.2.1. Farmers

When seen independently, farmers also selected business planning/model and strategic
management as the most important skill (Figure 3). This is in line with McElwee [32] asserting
that farmers are businesspeople running businesses, but in practice they do not necessarily
have well-defined business skills. Previous studies suggested that a minority of farmers
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have a vision or mission statements in written form, and many have no strategic mission at
all [33]. Bailey et al. [34], after conducting focus groups with young farmers, found a need
for more education relating to agriculture business management skills. Dias et al. [7] stated
that farmers can be considered as entrepreneurs and decision-makers aiming to maximize
profits to develop various typologies of agricultural diversification. In this sense the
authors, based on previous literature, emphasized the importance of differentiating between
entrepreneurial skills and management skills. Entrepreneurship is more than management
as it is increasingly centered on innovation, risk-taking, and the discovery and exploitation
of opportunities [35]. Although successful business creation also requires management
skills, it is the entrepreneurial attitude which allows for perceiving opportunities [36]. In
the FGs, recognizing business opportunities was included as part of business planning/model
and strategic management (see Table A5, skill 5.7), inducing that FG participants may have
perceived this skill as including both management and entrepreneurial skills.

 

0 1 2 3 4 5 6

(3.1.18) Livestock efficiency/ management/ biosecurity

(2.16) Robot and drone technology
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Figure 3. Most selected skills by farmers. In brackets are the skill numbers from Appendix A tables.

Following from business planning/model and strategic management, farmers deemed
sustainability skills to include mitigation and adaptation to climate change, good agricultural
practices, water management, and soil nutrient and health management very important. Previous
studies suggest that agricultural professionals are not prepared to promote sustainable
agriculture [8,11,37]. On water management, FG participants stressed the importance of
water (quantity and quality) in agriculture: “It all starts with the water. If there is water,
everything can be accomplished” (farmer, Greek FG). Planning and managing technologies
and legislation were considered important aspects for training: “There are many advances
in technology to do good water management, but we also have to go deep into planning
and management, at the level of the European policies. Either we learn to manage properly
in this climate change situation that increases conflicts, or we will do a disservice to the next
generations” (farmer, Spanish/Portuguese FG). For soil nutrient and health management,
the proper soil management and its relation to circularity and sustainability were seen
as important topics for participants: “Since resources are becoming scarce, it is actually
becoming much more important to operate more circularly and to look at the end how
one can produce more sustainably” (farmer, French FG). Similar studies have identified
areas where skill needs for a more sustainable agriculture are needed: precision technology;
remote sensing to assess land capability; integrated pest management in plant protection;
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agricultural reuse of organic residuals; drip irrigation and water-conserving technologies;
renewable energy; and bioenergy and energy crops [38].

Two skills related to communication follow in the list: everyday use of digital technology
to communicate (digital skill) and communication (soft skill). Communication skills were also
highlighted by Bailey et al. [34], who found that young farmers’ desire to enhance their
ability to communicate with family members, other people within their farm or ranch, and
to develop the skills to communicate to a broader audience, such as loan officers and even
the general public. Other works have also found communication skills very important for
farmers and other agricultural workers [9–11].

Two digital skills follow in the ranking: e-commerce and e-marketing and robot and
drone technology, and with the same number of citations the list finishes with livestock
efficiency/management/biosecurity (bioeconomy–technical skill). Regarding E-commerce and
e-marketing, the need for training was stressed on this set of skills. As a farmer from the
Italian FG said: “[ . . . ] it’s not like you make a site and two minutes later you sell your
products. With this, there’s still some work to be done because logistics costs are not easy
for farms. In Italy we always run into problems of logistics not so much with large-scale
distribution but with private individual.”; and from another farmer from the French FG:
“The whole digitalization part is very important, we need it both for our crops, for farm
management, and if we want to sell our products for direct sales. If the farmers who are
selling directly are not professional enough in managing their site, then there’s certainly
something to work on that side of it”.

3.2.2. Cooperatives

Cooperatives (values, legal framework and management) and communication are the most
selected skills (Figure 4) among cooperative representatives.
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Figure 4. Most selected skills by cooperatives. In brackets skill numbers from Appendix A tables.

A cooperative participant in the Spanish FG remarked the importance of putting coop-
eratives in their current context: “[...] the objective of the farmer is to obtain a sustainable
production and translate it into an appropriate income for his work and risk. This must
be contextualized in terms of the problems of the sectoral organization, the positioning of
farmers in the value chain and in relation to the context of climate change, use of natural
resources, food security and globalization”.
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Regarding communication, as a participant in the Slovenian FG said: “Communication
is essential. You need to know how to communicate with the members, to coordinate with
them, also in the transaction itself, the purchase, such as for example why is it so, why not
otherwise, why such price? If this works well, the cooperative has much less problems than
if issues are handled without any discussions”.

These findings are in concordance with the “Support for farmers’ cooperatives” re-
port [39], which indicated that general technical and entrepreneurial education and training
of (future) employees, managers, and board members is necessary, as well as education
and training on how cooperative identity translates into business activities. The report
also suggested that all parties involved need to be aware of the specific characteristics of
this form of collective entrepreneurship and to develop the capacity and the willingness to
communicate with each other and jointly develop their businesses.

Skills for mitigation and adaptation to climate change; the everyday use of digital technology
to communicate; and analytical, critical and creative thinking follow in the list. For the last, a
cooperative participant from the Irish FG remarked on the lack of these skills in young
alumni: “[ . . . ] I see the lack of these skills in people who have just graduated, at the
moment that there is an inability to kind of decipher between facts and fiction”.

Five skills follow in the list with the same number of mentions: by-products and
co-products valorization; good agricultural practices; organization, planning, visioning and
strategic thinking; conventional vs./and organic farming; and business planning/model and
strategic management.

3.2.3. Agri-Food Companies

As observed for farmers as well as for agri-food company participants, business plan-
ning/model and strategic management (from the category business entrepreneurship skills)
was the most selected skill followed by communication (soft skill); ethics for food (bioeconomy
skill); being resilient, adaptable and proactive (soft skill); organization, planning, visioning and
strategic thinking (soft skill); and collaboration/cooperation across all sectors in the food chain
(business entrepreneurship skill) (Figure 5).
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Figure 5. Most selected skills by agri-food companies. In brackets are the skill numbers from
Appendix A tables.
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Regarding the ability of being resilient, adaptable, and proactive, an agri-food company of
the Slovenian FG said: “[ . . . ] specially in the sense that you are able to adapt to change
rapidly and that you are proactive when tackling challenges”. It was also viewed as a
requirement for group leaders: “being resilient and adaptable and proactive are for sort
of management of people, management of the teams etc. Having the ability to deal with
day-to-day life and to keep themselves going strong, being adaptable and being able to see
changes and make the right decisions on a day-to-day basis” (agri-food industry, Irish FG).

For collaboration and cooperation across all sectors in the food chain, an advisor from the
German FG commented: “I find this cooperation very important because I often see that
there are problems in communication and cooperation, simply because there is no interest or
no time or no know-how”. It was also viewed as an opportunity to grow businesses: “Open
communication in the value chain and pursue win-win situations (advisor, Dutch FG).

Nazzaro et al. [22], found that companies have turned towards business models based
on social and environmental protections. Indeed, consumers’ purchasing behavior lead
stakeholders to adopt sustainable, socially-oriented production models in which natural
and environmental resources become a lever for competitive advantage. Consequently,
competitiveness changes to address sustainability and citizen-consumer issues.

Akyazi et al. [15] identified current and near-future key skills and competencies
emerging with Industry 4.0, demanded by different professional profiles, and generated a
database of current and future professions, competencies, and skills. They used the ESCO
database of knowledge, skills and competences [40] for current skills and competencies,
and data from the European ICT Professional Role Profiles framework and from several
sectorial and inter-sectorial European projects for future skill needs and competences. The
database focuses future industry needs on digital and soft skills, and some similarities with
skills from Figure 5 can be found: advanced communication skills, use of digital communication
tools, and adaptability and continuous learning. The need for soft skills, and communication
skills in particular, for food industry workers has often been reported in the literature.
Jack et al. [41] found shortages in planning and organizing skills in Northern Ireland Food
industry workers, especially among managers and supervisors. Flynn et al. [12], in a survey
found that the most desired skills for food industry employers were soft skills and more
specifically those related to communication. Mayor et al. [13], comparing Flynn results with
a survey to food industry employees, confirmed the importance of soft skills also for food
industry workers, and also found that marketing, consumer science, and financial skills
were evaluated as low by both employers and employees, a situation that may be hindering
entrepreneurship. Topliceanu et al. [42] also identified new skills requested by the food
industry labor market, such as “people of character, able to work in teams, communicative
and capable to cope with stressful situations”. Lertpiromsuk et al. [43], assessing current
levels of skills in small and medium enterprises in the Thai food industry, found that
social skills (including communication, team working, negotiation, etc.) and personal skills
(including leadership, flexibility, continuous learning, working under pressure, etc.) are
deemed very important for Industry 4.0.

3.2.4. Forestry Sector

For the forestry sector (Forestry FG, Figure 6), overall bioeconomy–forestry and sus-
tainability skills predominated with sustainable forest management practices and planning (the
bioeconomy–forestry skill related to sustainability being the most selected skill followed by
everyday usage of digital technology to communicate (digital skill) and forest disease control and
prevention (bioeconomy–forestry skill); mitigation and adaptation to climate change (sustain-
ability skill); multifunctional forests and ecosystem services (sustainability skill but related to
forestry); the prevention and management of natural disturbances (bioeconomy–forestry skill);
communication (soft skill); national, EU, and international environmental policies; regulation,
subsidy, and support programs (sustainability skill); water management (sustainability skills);
the reforestation, afforestation, and restoration of forest ecosystems (bioeconomy–forestry skill);
and new value chains/new business models (business entrepreneurship skill).
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Figure 6. Most selected skills for the forestry FG. In brackets are the skill numbers from Appendix A
tables.

As an education provider in the Forestry FG said, forest disease control and prevention
will need training in the coming years: “Forest Disease Control and Prevention is going
to be rising at least here in Finland. As for climate change, there’s not that much pests or
diseases yet, so we’re going to need new skills on that”. Additionally, the importance of
skills for prevention and management of natural disturbances in the future were brought up:
“Here in the open range regions of Austria we will have to deal much more with prevention
and management of natural disturbances. First, climate change also damages forests and
so people have to be more assertive in these strategies and in the interaction between the
forest owners and the wood processing industry” (Advisor, Forestry FG). For national, EU,
and international environmental policies and regulation, subsidy, and support programs, some
quotations can be shown but not from the Forestry FG, although they are representative
of all the FG sectors. Quotations stress the importance of these knowledge/skills because
regulations affect the business strategy, they are helpful in risk prevention and important
to obtain national and European funding. As a farmer of the Spanish/Portuguese FG said:
“We are in a situation where administrative regulation has been put in place above science,
so if we want to focus on making farms profitable, we have to combine the two aspects
[...] regulation, subsidies and support programs. In the end this is what marks the path
that we are going to follow as farmers, it absolutely conditions the agricultural approach
of a farm”.

Communication skills have been considered an important need in the forestry sector
at least since mid of the past century [44]. Written and oral communication are the basics
demanded by forestry employers [45–47] but also communication skills in general [48].
In a broader sense, Bullard [49] reported that forestry employers, recent graduates, and
educators agree that entry-level foresters must be better prepared than they are now in
terms of communicating relevance and building strong relationships with key forestry
stakeholders throughout society.

Bullard et al. [48], in focus groups and surveys to forestry employers and alumni,
found that areas of knowledge on emerging issues for society-ready forestry graduates
included climate change; water availability and quality; and dealing with invasive plants,
pathogens, and insects. However, the skill sets and abilities that involve dealing effectively
with people (communication, conflict management, problem solving, etc.) were those that
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should be prioritized to strengthen the bachelor curricula. Moreover, assessing curricula
content in forestry degree programs, Kelly and Brown [17] found that land-management
skills should be the focus of curriculum improvement, while additionally, employers
and students alike identified professional skills to be very important, especially behaving
professionally and ethically and communicating effectively.

More recently, The Forestry Skills Forum [16], emphasized the need for enforcing the
core silvicultural knowledge taught across all levels of forestry education, the importance
of non-forestry skills, and the general lack of business and commercial acumen, digital
skills, marketing/promotional skills, and those of communication and engagement.

3.2.5. Similarities and Differences among Sectors

Skills related to business planning, business management, and business modelling
were very important for all FG participants, independent of the producing sector they
pertained to. This is supported by the fact that business planning/model and strategic manage-
ment was the most selected skill for farmers and agri-food companies and cooperative skills
for the cooperatives sector and sustainable forest management practices and planning for the
forestry sector. Essentially, strategic planning is about setting visions for an organization
and realizing that visioning through goals, strategies, and actions; entailing on the one hand
the ability to see the big picture and draw road maps, thereby planning, organizing, and ex-
ecuting tasks; and on the other hand, entailing the ability to communicate the vision, goals,
tasks, and necessary steps to employees. Participants associated the basis of understanding
business, the role of the company, its viability, and how value and profit are generated with
this skill. Indeed, business planning and strategic management is very much related to the
ability to adapt and respond to current and future technological, environmental, social, and
economic challenges.

Communication skills appear to be also very important for all the sectors with commu-
nication and everyday usage of digital technology to communicate being the two skills among the
most selected for all of them. The ability to use digital technologies to communicate and
the ability to communicate overall were seen as fundamental skills in transferring infor-
mation to others and in engaging with immediate stakeholders as a means of transferring
information about complex concepts, such as sustainability, in an easily understandable
way. Several FGs also discussed the broader concept of communication and the importance
of engaging with civil society (particularly important for the forestry sector), connecting
with consumers and other stakeholders not only for marketing and management purposes
but also for sustainability purposes.

A shift towards business and soft skills is observed when advancing in the agri-food
value chain from farmers to cooperatives and in the food industry where sustainability
and digital skills predominate for farmers but are replaced by business and soft skills for
cooperatives and the food industry. It seems that, from the FG participants’ perspective,
skills related to sustainability are critical for producing raw materials and less important
when the raw produce is available in the food chain.

3.3. Main Outcomes from the Policy Focus Group
3.3.1. Focus Group Design and Implementation

With representatives from agriculture, food industry and forestry sectors, and educa-
tion at European level, the FG on EU policy issues produced a set of recommendations on
how to improve the current policy framework on skills and training in the agri-food and
forestry sectors:

To set up the particular goals of this FG, the guiding topics were the following:

− from an EU perspective on skills needs, participants were given the opportunity to
share their opinion on the skills lists developed by the FIELDS project partners linking
with the work of the national FGs;

− reviewing participants’ opinions on the current legislative framework: how EU poli-
cies are set in training and education and how they adapt to the sectoral needs,
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particularly to the sectors specified. This matter had the intended outcome to have
some recommendations on the next steps regarding EU policy.

3.3.2. Skill Lists Used in the National and Forestry Focus Groups

Policy FG participants found the skill lists exhaustive and appropriate for managing
the expectations of the labor market. Nevertheless, since the “skills” are defined in a wide
sense, it was recommended to expand the lists when used in the design of training and
to be more specific in terms of knowledge, skills, and competences for each of the skills
of the lists.

For the same purpose of training development and adaptation to the ESCO classifica-
tion [40], participants recommended the organization of skills into a hierarchy in two ways:
considering the level of education (basic, intermediate, higher education) and the level of
application (general skills and specific skills that are not essential for all employees but
needed in certain sectors or ESCO job profiles).

In accordance with national FGs, policy FG participants agreed on the importance of
developing new skills and competences to better communicate with society and increase
consumers’ trust in the agri-food and forestry sectors, particularly in aspects, such as
environmental and social sustainability and risk management.

3.3.3. Improvement of the EU Policy Landscape

The first aspect tackled by policy FG participants was the harmonization of national
educational systems for job profiles and related skills. When it comes to training activities,
there is often no equal recognition in different EU countries and there is a clear discrepancy
between the national and international level training. Referring to the ESCO framework,
which includes all skills [40], participants highlighted the challenge of harmonizing skill
concepts between countries or regions, as it is often difficult to understand the names of
job positions and the skills needed because of the language barrier and as the definition
of a job position and related skills are different among EU countries. Further dialogue is
needed to overcome these differences since skills and training might differ among national
and international policies but needs do not.

Furthermore, policy FG participants stressed the lack of understanding of the current
skill challenges faced by employers and employees in the agri-food and forestry sectors.
Participants agreed that the “Social Dialogue” should be strengthened, fostering commu-
nication between employers and employees at both EU and member state level, and on
relevant topics such as how to train the current workforce. A cross-sectorial stakeholder dia-
logue (policy, academic, corporate, etc., actors) was also identified as particularly important
to develop skills addressing contemporary economic and sustainability issues [6].

Social partners must provide evidence-based practices for policy makers. Good
examples in this field are the recognition of universities as capacity-building entities or
projects that bring together a community of different organizations and experts around
a specific topic. Another best practice, as suggested by participants, could be to ensure
access to lifelong learning for the entire workforce, which is, in general, poorly trained
in the farming sector [33]. In the end, the exchange of best practices is a powerful tool to
improve EU policy.

Finally, the need to increase the attractiveness of the agri-food and forestry sectors was
stressed as one of the main causes of the continuous decline of the labor force in the last
decades [50].

3.3.4. Recommendations/Key Messages

The final recommendations/key messages of the policy FG are presented below:

• The skills gap should be explored and even forecasted to design the training of
the future.

• Curricula at universities and training centers must be adapted to the sector needs,
adjusting the homologation and recognition of skills and experience.
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• European strategies on education and training for workers should take a holistic
approach, addressing the complexity of food and forestry systems and ensuring the
coherence of the skills and training provided at the EU level in the agri-food and
forestry sectors [8,51].

• The agri-food sector is the largest in Europe; there is a need to establish bigger alliances
to reshape the scenario in order to support farmers and the food industry.

• There must be an evidence-based approach to provide guidelines to policy makers in
the field of education in the agri-food sector. These recommendations should be given
by sectorial and educational representatives in collaboration with policy makers.

• The Social Dialogue should be reinforced to promote the interaction between employ-
ers and employees in order to set the basis for the needed training and skills.

• There is a need to increase the attractiveness of the agri-food and forestry sectors for
the younger generation.

4. Conclusions

Skills related to business planning, business management. and business modelling
were very important for all the FG participants, independently of the producing sector
they pertained to. As such, business planning/model and strategic management was the most
selected skill for farmers and agri-food companies, cooperatives for the cooperatives sector,
and sustainable forest management practices and planning for the forestry sector.

Communication skills appear to be also very important for all sectors, communication
and the everyday usage of digital technology to communicate being the two skills that were
among the most selected.

A shift towards business and soft skills was observed when advancing in the agri-
food value chain (farmers–cooperatives–food industry). Sustainability and digital skills
predominate in the lists for farmers, but these skills are replaced by business and soft skills
for cooperatives and the food industry.

Differences among educational systems at a national level were discussed in the
EU-policy FG and the need for further harmonization between EU and national policies
regarding education was agreed. Education and training curricula must be adapted to secto-
rial needs, addressing the complexity of the food and forestry systems, establishing bigger
sector alliances, and reinforcing the social dialogue. The need to increase the attractiveness
of the agri-food and forestry sectors for the younger generation was also remarked.

Undoubtedly, the study has limitations related to the use of FGs that do not allow
for the generalization of results; however, further empirical studies could be performed
focusing on specific stakeholder groups in order to validate the research results. The results
from the national and policy FGs fed into the complimentary development of a quantitative
European-wide survey on skills needs and will form the basis for the implementation
of a future scenario analysis at both sectorial and national levels. For that purpose, the
FGs were found to be successful activities for the identification of the most important
skills in the topics of sustainability, bioeconomy, digitalization, soft skills, and business
entrepreneurship skills.
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Appendix A Skill Lists

Table A1. Sustainability skills.

Skill No. Climate Change

1.1

Mitigation and adaptation to climate change
incl. climate change competences (weather extremes; interdependency of climate systems and biospheres) and
climate change mitigation (e.g., fostered CO2 sequestration) and adaptation (e.g., species composition) via
sustainable forest management

Sustainable management of resources

1.2 Efficient use of resources and logistics

1.3 Improved agri-food system productivity
incl. the sustainable management of water, streams, and energy in the food industry

1.4 Active management of natural resources

1.5 Integrated pest management (incl. the sustainable use of pesticides)

1.6 Biodiversity (incl. the detection and support of biodiversity of plants and animals)

1.7
Sustainable metrics and certification
incl. public and private schemes for certification (e.g., green labels) and Life Cycle Assessment, Life Cycle
Analysis data, including PEF (Product Environmental Footprint)

Sustainable Business and Governance Models and Environmental Policy

1.8 Environmental Management Systems

1.9 Corporate social responsibility associated with sustainability reporting/press releases

1.10 National, EU, and international environmental policies, regulation, subsidy, and support programs

Circularity

1.11

By-products and co-products valorization
incl. the treatment and reuse of reclaimed water; inorganic waste management practices; the agricultural
valorization of organic fertilizers; the management of slurry in livestock farms; biodegradable and
compostable materials (incl. packaging); the valorization of forestry residues and new industrial technologies
in pulp and paper manufacturing; the use of by-products of timber harvesting (nutrients circulation vs.
nutrients removal); circular economy and recycling in the pulp and paper industry; and the reuse, recycling,
and valorization of raw materials, contact materials (packaging), by-products, and waste in the food industry

Energy

1.12
Generation, storage, and the use of renewable energies
incl. the next generation bio-refineries and bio-product mills and their outlets, residual forest wood products
to produce energy and design, and the building and operation of renewable energy systems

1.13 The identification of renewable energy systems suitable for farm/business enterprises

1.14 The identification of raw materials and waste for energy production in farm/business enterprises

1.15 The identification of energy consumption and demand on farm/business enterprises
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Table A1. Cont.

Skill No. Climate Change

1.16 National and EU energy markets

Specific skills for sustainable agriculture

1.17 Good Agricultural Practices
incl. the global GAP and international standards of good practices in agriculture

1.18

Water management
incl. water quality control and protection, water saving cultivation, tools, and models for saving water and
selecting the proper crop pattern at the farm level, irrigation management and techniques, advisor services for
irrigation water management to improve training, information and knowledge transfer, and the optimization
of irrigation system design and management and associated energies

1.19
Soil Nutrient and Health Management
incl. soil protection and improvement, the maintenance of permanent vegetal soil cover and minimum tillage,
and techniques for carbon sequestration in the soil

Specific skills for sustainable forestry

1.20 The impact of timber harvesting and other forest management practices in wildlife populations and habitats

1.21 The protective role of forests and their management in mountainous areas

1.22 Multifunctional forests and ecosystem-services

Specific skills for sustainable food industry

1.23 Organic production requirements

1.24 The analysis of contaminants

1.25 Sustainable packaging

Table A2. Digitalization skills.

Skill No. General Digital Skills

2.1
Everyday usage of digital technology to communicate
incl, the use of computers, tablets or mobile phones; word processing; sending emails; browsing the internet
safely; making video calls; and social media networks

2.2 Data handling and analysis

2.3 Data protection

2.4 Cloud technology

2.5 Smart connected devices
incl.., general principles, categories, requirements, limitations, and vulnerabilities

Digitalization for business

2.6 E-commerce and e-marketing

2.7 Digital entrepreneurship

2.8 Digital information and services (e.g., product prices and standards, payment services, advisory services)

Digital tools to support production and production management

2.9 Digital supplier management systems

2.10 Digital product quality management systems

2.11 Warehouse management systems

2.12 Digital food traceability systems

2.13 Digital reversed logistics systems

2.14 Digital pest control systems
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Table A2. Cont.

Skill No. General Digital Skills

2.15
Decision support systems
incl. control technology with decision support tools (DST) and the use of web SIG platforms (or ICT platforms)
including sensors network models and tools for DSS within a feedback process

2.16 Robot and drone technology

Specific skills for digital (smart) farming

2.17 Farm Management Information Systems (FMIS)

2.18 Precision animal health and productivity management systems (incl. feed intake management)

2.19 Field operations management systems (incl. soil, plant, seed, and yield management systems)

2.20 Digital irrigation control systems

2.21 Digital soil nutrient control systems

2.22 Weather data management systems/software

2.23 Climate control systems (incl. indoor and roofed farming (greenhouses and roofed fields)

2.24 Robot and drone technology in agriculture

Table A3. Bioeconomy skills.

(a) Bioeconomy Skills—Agriculture

Skill No. Basic Skills in Production Operations and Production Management

3.1.1 Planning and coordinating production

3.1.2 Performing farming operations

3.1.3 Equipment maintenance

3.1.4
Logistics and storage
incl. storage techniques and requirements of different raw materials, the transportation of livestock (incl.
droving), produce and supplies and warehouse management

3.1.5 Calculating, handling, and managing risk

3.1.6 Health and safety management and operations
incl. to drive and operate agricultural machines safely

3.1.7 Product traceability

Technologies, products, and production approaches

3.1.8 Urban, peri-urban, and rural area agriculture

3.1.9 Conventional versus/and organic farming
incl. organic farming and hybrid farming (the combination of organic and conventional farming methods)

3.1.10 Controlled Environment Agriculture

3.1.11 Crop diversification and rotation

3.1.12 New plant breeding techniques

3.1.13 Agricultural biodiversity

3.1.14 Genetically Modified Crops

3.1.15
New industrial crops and bioproducts for the bioeconomy
incl. bioproducts: biofuels, bioplastics, biochemicals, textiles, cosmetics and pharmaceuticals and new
industrial crops: cameline, hemp, castor, guayule, etc.

3.1.16 Biofertilizers, compost, and bio-digestates

Healthy farm

3.1.17 Animal care and animal welfare during transport and production
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Table A3. Cont.

(a) Bioeconomy Skills—Agriculture

3.1.18 Livestock efficiency/management/biosecurity

3.1.19 Crop protection (incl. the prevention of crop disorders and the use of plant protection products)

3.1.20 Integrated pest/disease management

3.1.21 Plant and animal breeding for resilience and robustness

(b) Bioeconomy skills—Forestry and related industries

Skill No. Production operations, technologies, and production approaches

3.2.1 Characteristics of forests, geographical differences, and ownership patterns

3.2.2 Sustainable forest management practices, and planning

3.2.3 The reforestation, afforestation, and restoration of forest ecosystems

3.2.4 Forest equipment/machinery and maintenance

3.2.5 Health and safety management and operations

3.2.6 Calculating, handling, and managing risk

3.2.7
Products of forestry
incl. harvesting on the focus of high quality/high value logs (right shaping of logs), logs for construction,
timber for the pulp and paper industry, and timber for energy supply (material use before energy use)

3.2.8 Process operations in the pulp, paper, timber, and cork industry

3.2.9 Safety and health in the pulp, paper, timber, and cork industry

3.2.10 Equipment/machinery and maintenance in the pulp, paper, timber, and cork industry

3.2.11 Automation in the pulp, paper timber and cork industry

3.2.12 New technologies in pulp, paper, timber, and cork manufacturing

Healthy forest

3.2.13 The prevention and management of natural disturbances (e.g., floods, drought, and forest fires)

3.2.14 Seedling damage
incl. that caused by e.g., deer, moose, and other mammals

3.2.15 Forest disease control and prevention

3.2.16 Water quality in forests

(c) Bioeconomy skills—Food industry

Skill No. Skills for food quality and food safety

3.3.1 Quality management, quality assurance, and quality control
incl. sensory evaluation

3.3.2 Food safety management, food hygiene, and food safety control

Skills for food production and manufacturing (industrial performance)

3.3.3 Cleaning and preparation

3.3.4 Production operations and management (incl. milk processing)

3.3.5 Health and safety management

3.3.6 Engineering maintenance

3.3.7 Preservation and packaging

3.3.8 Shop floor control and other control operations

3.3.9 Risk assessment and management

3.3.10 Continuous improvement

Logistics and supply chain skills

3.3.11 Supply to production and supplier management

3.3.12 Transportation (modalities and planning) and logistics management
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Table A3. Cont.

(a) Bioeconomy Skills—Agriculture

3.3.13 Management of inventories
incl. goods received, pick and pack, storage and storage systems (FIFO), and stock management

3.3.14 Traceability

Other skills

3.3.15 Food security

3.3.16 Ethics for food

3.3.17 Emerging technologies

3.3.18 Food labelling/certifications

3.3.19 Food defense

3.3.20 Food fraud

Table A4. Soft skills.

Skill No. Fundamental Soft Skills

4.1 Communication
with others at work and in the daily life, languages, reporting and briefing, public speaking, and press releases

4.2 Problem solving

4.3 Analytical, critical, and creative thinking

Self-management skills

4.4 Demonstrating positive attitudes and behaviors

4.5 Being resilient, adaptable, and proactive

4.6 Organization, planning, visioning, and strategic thinking

4.7 Equality skills
interculturalism, gender, empowerment, harassment

4.8 Safety awareness

4.9 Reflecting on own performance

Team working and interpersonal skills

4.10 Team building
incl. conflict resolution, negotiation, flexibility

4.11 Teamwork character
incl. responsibility, honesty, empathy

4.12 Conflict management

4.13 Change management

Business soft skills

4.14 Providing leadership

4.15 Managing personnel
incl. delegating, motivating, assessing

4.16 Networking

4.17 Innovative thinking
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Table A4. Cont.

Skill No. Fundamental Soft Skills

Education skills

4.18 Digital tools to support learning and distance learning

4.19 Learning at work
incl. learning by doing, learning from others (mentoring, shadowing, etc.) and teaching each other

4.20 Learning continuously (lifelong learning)

4.21 Training others
incl. training skills, training tools, course design, assessment, etc.

4.22 STEM knowledge (Science, Technology, Engineering and Mathematics) to understand and cooperate through
the whole food/bioproducts value chains

Table A5. Business entrepreneurship skills.

Skill No. Marketing Skills

5.1 Monitoring market activity and conditions

5.2 Direct marketing in agriculture, food industry, and forestry

5.3 Sales and marketing

5.4 Local marketing associations

5.5 Selling skills
building buy-in to an idea, a decision, an action, a product, or a service

5.6 Customers service

Financial skills

5.7
Business planning/model and strategic management
incl. scenario foresighting/forecasting; recognizing and realizing business opportunities; Key Performance
Indicators (KPIs) management, knowledge management, and stakeholder management

5.8 The basics of financial issues
incl. balance sheets analysis

5.9 Purchasing/renting
incl. equipment, structures, seeds, fertilizers, herbicides, animal feed, and other supplies)

Fair, collaborative, and competitive value chains

5.10 Cooperatives (values, legal framework, and management)

5.11 New value chains/new business models (incl. values-based supply chains and short food supply chains)

5.12 Collaboration/cooperation across all sectors in the food chain

Skills for research, development, and innovation

5.13 Social expectations/consumer science and behavior

5.14 Interdisciplinary knowledge to assess the whole value chain

5.15 Funding opportunities

5.16 Product development
incl. laboratory and desk research

5.17 Project management

5.18 Knowledge transfer in the bioeconomy chains

5.19 Innovation management and its deployment on-site

5.20 Scale-up issues per sector
incl. technical difficulties, costs, and volume calculations

5.21 The protection of intellectual property rights
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Table A5. Cont.

Skill No. Marketing Skills

Compliance with policy and legislation

5.22 Fiscal basis and regulations

5.23
Specific sector legislation
incl. agricultural policy and legislation, food policy and legislation, and forest- and nature-related policies (EU
and national legislations and marked-based systems covering natural resources and their management)

5.24 Food labelling/certifications

5.25 Farm environmental management plan
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Abstract: This article investigates how governmental agricultural R&D expenditure affect economic
prosperity and sustainable development, attempting to verify the hypothesis that agricultural research
and development expenditures are among the key factors influencing the farmers’ income, as one of
the sustainable development indicators. Statistical data were retrieved from European international
databases for the period of 2004–2020 and were analyzed using the regression model. The results
of the study indicate positive effects for most of the EU member states. The countries where the
results validate the hypothesis are Austria, Belgium, Bulgaria, the Czech Republic, Germany, Estonia,
Finland, France, Greece, Croatia, Ireland, Latvia, Poland, Slovakia, Slovenia, and the United Kingdom,
as a former member state of the EU. Further, the model confirms that a significant portion of
farmers’ income growth is explained by the governmental R&D expenditure. These findings may
change the methods and directions regarding the agricultural R&D expenditure, underpinning the
macroeconomic policy and agriculture in rural areas along the pathway to achieving the sustainable
development goals.

Keywords: sustainable agriculture; governmental agricultural R&D expenditure; farmers’ income;
sustainable development goals

1. Introduction

The sustainable development of agriculture is essential for the economic prosperity of
the European Union’s rural communities. Statistical data show that rural areas represented
83% of the total EU area, and that agricultural land, forest, and natural areas represented
80% of the total EU area, in 2018, as stated by Eurostat. Representative percentages explain
the role of the rural communities in the economy, and discussions about macroeconomic
policy may focus on a sectors’ prioritization, when speaking about funding, investment, and
public expenditure and their implementation effectiveness. When investments contribute to
the economic prosperity of the rural communities, the macroeconomic policy is considered
to be effective. Economic prosperity, in turn, may be described by numerous indicators;
among these, the farmers’ income can illustrate the economy’s current status. A deeper
analysis, which explores this indicator and its drivers, is needed in order to visualize the
sustainable development of rural areas. Our study starts from the assumption that research
and development (R&D) investments in agriculture are among the key factors influencing
the levels of farmers’ income.

Sustainable agriculture represents the equilibrium point of several aspects, including
social, economic, and environmental, in both rural and urban agri-based contexts. For the
agriculture to be designated as “sustainable”, it is mandatory to have a versatile position,
to offer an easy scalability, and to be continuously adaptable [1].

Agricultural industry is also becoming more data-centric, and novel technologies are
offering advantages to worldwide farmers. Several break-through sustainable agricultural
practices have been highlighted in the research literature, and arguments have been offered
for consideration [2].
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Many researchers have emphasized the importance of R&D expenditure in agricul-
ture [3–8], arguing a direct and causal relationship between R&D investment in agriculture
and farmers’ income. However, most of these studies are based on a theoretical and con-
ceptual framework, and only a few of them have conducted an empirical analysis for the
EU member states, divided into old and new, with a more or less important agricultural
sector. Our study explores the relationship between farmers’ income and governmental
agricultural R&D expenditure, using concatenated statistical methods for time series evalu-
ation. Statistical data for the period of 2004–2020 were retrieved from the Eurostat database.
Because agriculture plays different roles in European Union member states’ economies,
we have considered it necessary to analyze the situations separately according to two
criteria—the share of agriculture in GDP, and the time of country’s accession to the EU.
Thus, the countries with large shares of agriculture in the GDP, above the average of the
European Union (1.63%), are Bulgaria, Cyprus, the Czech Republic, Spain, Estonia, Finland,
France, Greece, Croatia, Hungary, Lithuania, Latvia, Poland, Portugal, Romania, the Slovak
Republic, and Slovenia, as seen in Figure 1. The date refers to 2021. The second criterion,
the time of accession of the country to the EU, divided them into old and new member
states, considering 2004 as the threshold.

 

0
1
2
3
4
5

Au
st

ria
Be

lg
iu

m
De

nm
ar

k
Fi

nl
an

d
Fr

an
ce

Ge
rm

an
y

Gr
ee

ce
Ire

la
nd

Ita
ly

Lu
xe

m
bo

ur
g

Ne
th

er
la

nd
s

Po
rtu

ga
l

Sp
ai

n
Sw

ed
en

Un
ite

d 
Ki

ng
do

m

%

EU Member States EU Average

Y
E
A
R

2
0
0
4

0

1

2

3

4

5

%

EU Member States EU Average

Figure 1. Year 2021 share of agriculture, forestry, and fishing value added in the GDP of EU28 member
states (left: old member states; right: new member states). Source: edited by the authors from The
World Bank [9].

The contribution of this paper to the literature is two-fold. First, two essential indica-
tors of the Second Sustainable Development Goal (SDG 2), Zero Hunger, have been studied
together—governmental agricultural R&D expenditure and farmers’ income. Furthermore,
several types of farmers’ income indexes are used to measure sustainable farmers’ income,
considering that the results can faithfully reflect how agricultural R&D expenditure affect
farmers’ income. Secondly, the paper investigates farmers’ income, within the context
that ensuring a fair standard of living for farmers and contributing to the stability of their
incomes are essential objectives for the Common Agricultural Policy of the European
Union [10].

The paper is structured with five parts; following the introduction, the literature
review describes the state of research in the fields of sustainable agriculture, sustainable
development goals and income targets, agricultural investments, and research and develop-
ment expenditure, in part two. The dataset regarding the R&D expenditure in agriculture
and the farmers’ income are analyzed, using the regression model, in part three, and the
results are then discussed in part four. Finally, conclusions are drawn in part five.

2. Literature Review

The topic of sustainable agriculture is even more current as the recent trends in food
prices and the unstable political, social, and economic conditions raise concerns about agri-
cultural market equilibrium, food security, and farmers’ income stability. Researchers [11]
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argue that agricultural R&D is a significant determinant of agricultural production and
productivity and as a result, food prices and poverty.

Sustainable development of agriculture represents one decisive goal for the near future,
and most states have adopted this approach in policy definition. The term, in essence, has
diverse meanings, depending on the context, and also includes varying explanations and
practices, such as farming methods and ecological stability. The concept is also known for
aggregating economic aspects with resource conservation, maintenance, and improvement,
concentrating on both the environmental and the ecological aspects. Depending on the
reporting context, the sustainable agriculture focus can also vary, from yield improvement,
crop diversity, and income prosperity to environmental stresses.

Gherardelli [12] claimed that one of the major challenges for governments is to ensure
sufficient food for the population, taking into account the global emergencies of population
and income growth, changes in diets, and decreasing availability of natural resources.
These challenges call for increasing agricultural production, but in the context of a more
economically, socially, and environmentally sustainable agriculture. Promoting a significant
expansion of agricultural R&D and its funding could address this challenge.

Furthermore, trade-offs between agricultural productivity and sustainability have
started to be studied. FAO reports [13] show that a major challenge for agriculture is to
acknowledge and explore the potential trade-offs and contradictions between sustainability,
with its environmental and social dimensions, and productivity, as its economic dimension.

The Second Sustainable Development Goal (SDG 2), Zero Hunger, is part of the UN’s
17 Goals aimed at transforming the current world. They represent a ready-for-action
guideline for governments all around the world, no matter the economical profile, that
ensure sustainable three-layered growth (social, economic, and environmental). SDG 2 or
the Zero Hunger ambition, is a comprehensive strategy with tangible goals and targets that
tackle hunger elimination, food and nutrition security accomplishment, and agricultural
sustainable development [14].

Particularly, our research will draw attention to the importance of R&D investment in
promoting a sustainable agricultural development in countries with various agri-profiles;
specifically, the concerned SDG 2 targets consist of targets 2.3—agricultural incomes and
2.A—increased investment in agricultural research. The first one, agricultural incomes, is
relevant to be studied because supporting farmers’ incomes and stabilizing them remain
essential objectives of the Common Agricultural Policy of the European Union, as stated by
the European Commission [10]. As declared by the UN [14], SDG target 2.3 aims to double
the agricultural productivity and revenues of small-scale food producers, family farmers,
etc., including secure and equal access to resources and inputs, knowledge, and financial
services. The second goal, SDG target 2.A, aims to increase investment in rural infras-
tructure, agricultural research and extension services, technology development, etc. [14].
The linkages between the two targets are explored in the current research, assuming that
investments in agricultural R&D are one of the key drivers of farmers’ income growth, as
suggested by FAO [15].

Investments in SDG 2, specifically through continuous worldwide focus on parents
receiving more socio-economic attention in order to provide the needed food for their
children, as well as on smallholder farmer empowerment and agricultural sustainable
development, gender equity in farming and socio-farming, institutional de-formalization,
have to be overseen as a holistic SDG approach that definitely boost collateral targets and
objectives [16].

Research literature highlights how to intervene regarding the global food security
topic; however, effective actions, strategies, and assessment methods remain challenging.
Authors summarize some aspects that could improve general food security achievement
through targeted agricultural interventions in food security, measurable actions that address
food security, and improved systematic methodological reviews as methods for agricultural
interventions [17].
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Scientific papers also suggest leveraging know-how into concrete action plans towards
reducing SDGs disparities through research, industrial, political, and consumer collabora-
tion; there is also an acute need of implementation [18]. Another important aspect besides
implementation is the threat-constrain identification in applying existing knowledge, as
the incapacity to deliver could further increase the SDG gaps.

Evidence from the research literature also points towards an existing causal relation-
ship between agricultural output and domestic agricultural investment [19], whereas the
current paper emphasizes the governmental agricultural R&D investment as a possible
defining pillar of sustainable rural economic growth.

Other studies have reviewed the foreign non-governmental investment in agriculture
and several short-run and long-run effects have been noted, with the prompt recommenda-
tion of improving the absorption capacity and administrative fluency [20].

Some studies have discussed the controversial effects of the agricultural technology
investment on farmers’ income. On the one hand, researchers found that the agricultural
R&D had a positive effect on the growth of farmers’ income [21]. The authors of [22]
explored the possible ways to double the farmers’ income and concluded that this objective
can be achieved if the stakeholders follow a comprehensive and targeted approach regard-
ing income opportunities, including investment in agricultural R&D and infrastructure. It
has been found [23] that, when the agricultural modernization starts, per capita income
increases. On the other hand, some studies show that the agricultural investments have
limited positive effect on farmers’ income [24].

Income and, as such, the economic growth, enter into discussions about sustainability.
The authors of [25] claimed that economic growth is sustainable only if it is compatible
with environmental quality. This argument is controversial: some researchers argue that
the economic growth is deteriorating the environment [26], while others [27] state that the
link between income growth and environmental degradation is insignificant.

Governmental agricultural research plays an essential role in the development of
modern agricultural scientific breakthroughs, high quality economical results, and pro-
ductivity increases [28]. Generally, according to economic theory [29], R&D expenditure
is considered to be essential for economic growth, development, and sustainability. The
agricultural R&D expenditure have positive effects on famers’ functional distribution and
scale distribution of income, while agricultural technology promotion expense has negative
effects. In comparison, the first relationship mentioned has a stronger link than the sec-
ond [7]. The authors of [30], in their analysis of the impact of R&D on productivity, claimed
that R&D positively drives productivity.

The basic economic theory provides few ideas about R&D expenditure. Thus, re-
searchers tried to fill in this gap with findings regarding either the relationship between
agricultural output and R&D expenditure or the R&D as a source of efficiency [31,32], or the
long-run relationship between productivity, as a dependent variable, and R&D expenditure,
as an independent variable [33].

Evidence from the research literature also proved that R&D capital investment is
mandatory to determine productivity amplification in the agri-food industry; while in the
study of [34], it is also stated that the R&D expenditure should improve at a faster pace than
the output’s, as a direct result of the transferability drawback in the technological sector
of agriculture across countries or businesses, and also due to the fact that conservative
research levels should be prevented from plunging.

There is a large body of empirical studies on the research and development expenditure
in agriculture. When interrogating the Web of Science (WoS) database using the following
parameters: “agricultural R&D” and “agricultural income”, 295 results were reported, most
studies being written in the following domains: environmental science (21%), economics
(15%), environmental studies (12%), etc. The researchers’ interest in the way the agricultural
R&D expenditure impacted the farmers’ income increased after 2010, when, on average,
10 articles were published in the journals indexed in WoS, reaching a peak of 48 in 2021.
Using the VoS Viewer Software to see the linkages between agricultural R&D and income
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and other related topics, five clusters were identified. They comprise themes such as
yield, management, performance, efficiency, quality, systems, soil, sustainability, emissions,
economic growth, agricultural productivity, food security, trade, consumption, income,
poverty, policy, and strategies, demonstrating the interest of researchers in these topics in
connection with agricultural R&D investments.

Regarding the relationship between agricultural R&D expenditure and income, the
authors of [35] argued that agricultural R&D has made important contributions to reducing
poverty in South Asia in the post Green Revolution period. The authors of [3] found that
public agricultural R&D has a positive impact on rural household income. It was found
in [7] that the agricultural R&D expenditure has positive effects on famers’ functional
distribution and the scale distribution of income, while agricultural technology promotion
expenditure has negative effects. In comparison, the impact of the former is larger than
that of the latter. Some authors [36] explored the R&D expenditure for new technology in
livestock farming and argued that investments in research and development lead to more
efficient and sustainable resource management for developing countries.

Innovation-led economic growth has proved to gain popularity among governments,
a process that is also known as smart growth [37], which is growth that is also applicable
in the agricultural sector, therefore highlighting the importance of R&D as a main driver
of innovation.

Income in agricultural holdings has been studied in the context of the sustainable
development of agriculture [38], the authors exploring the inequalities among farms and
demonstrating that the process of the concentration of land and capital led to an increase
in farmers’ income disparities. Farmers’ income has been explored in relation to rural
tourism [39], and it was found that rural tourism positively and significantly affects sustain-
able farmers’ revenues, although, among different types of farmers’ income, the magnitude
varies.

Based on the analysis of previous studies, the question is raised regarding how gov-
ernmental agricultural R&D expenditure affect farmers’ revenues, expecting a direct and
intensive relationship between them. Thus, a hypothesis is put forward as follows:

Hypothesis 1 (H1). Governmental agricultural R&D expenditure influences farmers’ income, and
the extent varies between countries with different agricultural profiles.

The research objective is to investigate the relationship between governmental agricul-
tural R&D expenditure and farmers’ revenues, with the final purpose of better managing
the paths and directions of governmental agricultural R&D investments towards achieving
the sustainable development goals, including farmers’ income growth.

3. Materials and Methods

Statistical data regarding the government support of agricultural research and devel-
opment in the EU member states are presented in Figure 2. Significant structural differences
between countries can be noticed across multiple states.

The government support of agricultural research and development, representing the
independent variable (R&D) in the current paper’s tested model, is part of the European
Union Sustainable Development goals, targeting SDG 2, Zero Hunger. It is referring to the
governmental allocation of the budget for each member state for research and development
activities in the agricultural sector, signaling how prioritized the public funding of research
and development is for each state.
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Figure 2. Annual average for government support of agricultural research and development
(left axis) (Variable R&D in the model) and the average annual growth (right axis) at the EU28
member state level, in percentages (left: old member states; right: new member states). Source:
edited by the authors from Eurostat [40].

The visual representation of the dependent variable tested in the econometric model,
Governmental Support to Agricultural R&D (variable R&D), is illustrated in Figure 2,
which concatenates the yearly average for the mentioned interval on the left hand axis
and the year over year average growth on the right hand axis. Both representations are
illustrated in percentages. It aims to describe the most representative financing period
for the research side in agriculture and signals in which member state this expenditure is
gaining popularity. In the case of yearly growth, there are a few states that raise attention,
as their values surpass 20% of annual growth, such as Poland (52%), Croatia (34%), Latvia
(26%), and Romania (24%), and the remaining countries account for less than 10% of
the yearly increase. Meanwhile, Cyprus, Finland, Luxembourg, and Sweden recorded
negative values.

As the variable is described through indexes, the three-colored chart would best
describe which period recognized R&D as being essential. What can be easily observed is
that either period 2004–2008 or period 2015–2020 are more visible for most of the states.
As the country comparison could not be performed for the annual average, due to the
reporting method of the dataset, and as each year’s value for a given member state is
reported for the year 2010, the average annual increase was compared.

The most representative sectors of the economy where R&D has been financed are
clearly indicated in Figure 3. Western European countries set the trends, but also the
orientation of the investment profile. The largest investment in R&D has been recorded
in the German R&D industry. In the agricultural sector, the countries with the largest
investments are Germany (USD 1883 million), Spain (USD 1510 million), and the United
Kingdom (USD 1016 million), for the old EU member states, and for new member states,
the largest investments in agricultural R&D are recorded in Poland (USD 261 million),
the Czech Republic (USD 181 million), and Hungary (USD 162 million). For the rest of
the sectors for both old and new countries, only the largest investment will be presented:
environment R&D in Germany (USD 1908 million) and Poland (USD 318 million); energy
R&D in Germany (USD 2989 million) and the Czech Republic (USD 157 million); defense
R&D in France (USD 5297 million) and Poland (USD 335 million); education R&D in
Germany (USD 947 million) and Poland (USD 302); and industry R&D in Germany (USD
8397 million) and the Czech Republic (528 million).
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Figure 3. Cumulative R&D governmental expenditure by economic sector for the 2005–2020 period
(in million USD, 2015 constant) (left: old member states; right: new member states). Source: edited
by the authors based on available data [41].

As top R&D investments have already been discussed in Figure 3, Figure 4 presents
the R&D expenditure share by sector for each individual member state. Industrial R&D
was expected to represent a significant part of total governmental R&D for the developed
countries. The largest agricultural R&D shares were recorded in Ireland (33.5%), Spain
(27%), and The Netherlands (20.4%), for old member states, while for new member states,
Latvia has recorded the largest agricultural R&D share with 38.2%, followed by Lithuania
(29.7%), and Estonia (28.2%).
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Figure 4. Share of cumulative R&D governmental expenditure by economic sector in percentages
(left: old member states; right: new member states). Source: edited by the authors based on available
data [41].

The dependent variable of the model tested in this particular research, entitled real
income of factors in agriculture per annual work unit (INC), is also part of the European
Union Sustainable Development Goals indicator set. It aims to monitor the SDG progress
towards reaching the Zero Hunger ambition. The indicator has an additional scope as
part of the Common Agricultural Policy objectives, to be more precise. The described
indicator is an aggregation of income factors generated by agricultural activities, such as
remunerated factors of production—capital, wages, and land, either owned, borrowed
or rented, according to Eurostat, the issuing entity—and it represents a description of all
factors of production (inputs, depreciation, taxes, and subsidies).

A visual representation of the independent variable tested in the econometric model,
real income of factors in agriculture (variable INC), is illustrated in Figure 5, which con-
catenates the yearly average for the mentioned interval on the left hand axis and the year
over year average growth on the right hand axis. Both representations are reflected in
percentages, aiming to describe the most representative financing period for the agricultural
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income; therefore, the annual average country comparison could not be performed due
to the reporting method of the dataset, as each year’s value for a given member state is
reported for the year 2010 against the average annual growth, which can be compared.
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Figure 5. Annual average of real income of factors in agriculture per annual work unit (Variable INC
in the model) (left axis) and average annual growth (right axis) at the EU28 member state level, in
percentages (left: old member states; right: new member states). Source: edited by the authors from
Eurostat [42].

Significant yearly growths, have been recorded for the following states: Bulgaria and
Slovakia (9%), Estonia, Latvia, and Lithuania (8%), and Hungary and Poland (7%); while on
the opposite side, besides Luxembourg and Malta’s negative growth, Austria, Finland, Italy,
The Netherlands, and Spain all recorded just 1% annual growth. For the 2004–2008 period,
Luxembourg and Ireland recorded the largest annual average for the agricultural income,
with Slovakia the lowest average, while for the period 2009–2014, Hungary reported the
highest value, and for the period 2015–2020, Bulgaria recorded the largest growth.

The EU28 territory is explored in this particular research, as the EU countries are
known to possess either developed or developing status, and it has already been demon-
strated how important R&D investment is for sustainable development. The potential for
agricultural-rural socio-economic development lies in the governmental investment profile,
especially expenses that concentrate on bringing novelty.

As referring to the research methodology, the scientific literature indicates similar sta-
tistical approach when farmers’ incomes are assessed; the R-squared concept, together with
linear regression, have been used to determine the influence level of several socio-economic
variables regarding the agricultural cooperative income [43]. Other research papers ap-
plied similar econometric approaches to draw the interdependence between agricultural
product purchasing power and investment in the agricultural and processing sector, along
with other independent variables, to demonstrate the importance that agriculture plays in
sustainable economic development [44].

In order to be able to compute the statistical data as extracted from Eurostat, multiple
transformation procedures were required, especially for the independent variable (R&D),
as originally it has been described in absolute values (as seen in Figure 6). Therefore, a
duplication was mandatory for the indexing methodology of INC, determining annual
figures to be reported up to the year 2010.
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Figure 6. Coefficient of the independent variable (governmental agricultural R&D expenditure) in
the regression equation (left: old member states; right: new member states). Source: edited by the
authors.

4. Results and Discussions

The regression model has been performed individually, across all the EU28 member
states, for the dependent variable, farmers’ income, and the independent variable, agricul-
tural R&D expenditure. Using statistical software to perform the analysis for each country,
the resulting econometric R-squared values are graphically represented in Figure 7 for each
individual country, together with the independent variable coefficient, as seen in Figure 6.

 

Figure 7. R-squared values for the EU28 member states of the agricultural governmental R&D (R&D)
expenditure’s capacity for explaining the real income of factors in agriculture per annual work unit.
Source: edited by the authors.

Top performing R-squared parameters in the present model have been registered
in the countries of Estonia (0.71), Cyprus (0.63), Poland (0.60), Slovenia (0.54), and the
Czech Republic (0.46), while the lowest performing parameters have been recorded in
Belgium and Latvia (0.03), Denmark (0.04), Greece (0.05), Hungary (0.06), and Slovakia
(0.07). Thus, for the first group of countries, the levels of governmental agricultural R&D
expenditure strongly influence the levels of farmers’ income, and any change in their
allocation may significantly change the farmers’ well-being and rural economies’ prosperity.
For the second group of states, the levels of governmental agricultural R&D investments
slightly influenced the levels of farmers’ income. Each member state value reflects a specific
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national profile, including the agricultural profile; therefore, drawing a one-sided direction
line would be a matter of partial subjectivity. Moreover, other variables of the economic,
natural, technological, social, or political kind, which are not presented in the current
analysis, clearly impact the farmers’ incomes.

INC = R&D × Coeff + C (1)

Equation (1) R&D capability of explaining INC (using the coefficients stated in Figure 8,
if the hypothesis is valid). Source: edited by the authors.
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France 0.23 0.31
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Bulgaria 0.39 1.24
Croatia 0.37 0.08
Cyprus 0.63 (0.75)

Czech Rep 0.46 1.01
Estonia 0.71 0.61
Hungary 0.06 (0.11)

Latvia 0.18 0.21
Lithuania 0.03 (0.15)
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Poland 0.60 0.67

Romania 0.12 (0.37)
Slovakia 0.07 0.80
Slovenia 0.54 0.36

Figure 8. Directions and intensities of the relationships between governmental agricultural R&D
expenditure and farmers’ income for each EU member states and the UK (left: old member states;
right: new member states). Source: edited by the authors.

The values of R2 and of the coefficient of governmental R&D expenditure in agriculture
in relation to farmers’ income is summarized in Figure 8. Four clusters have been identified:

(i) Countries where governmental R&D expenditure in agriculture are among the key
factors of farmers’ income growth and positively impact them: Estonia, Poland,
and Slovenia;

(ii) Countries where governmental R&D expenditure in agriculture are among the key
factors of farmers’ income and negatively impact them: Cyprus;

(iii) Countries where governmental R&D expenditure in agriculture are not considered
among the key factors of farmers’ income growth and positively impact them: Bul-
garia, the Czech Republic, Finland, France, Greece, Croatia, Latvia, and Slovakia;

(iv) Countries where R&D governmental expenditure in agriculture are not considered
among the key factors of farmers’ income growth and negatively impact them: Spain,
Hungary, Lithuania, Portugal, and Romania.

In order to assess how a 1% increase in INC is determined by coefficient % increase
in R&D and properly use Equation (1) for a member state, it is also important to take into
consideration the C (constant) value that varies from −21.53 to 177.1, with an average value
of 91.75.

The threshold value of R2 from which R&D governmental expenditure in agriculture
is considered to be among the key factors of farmers’ income is 0.5. The countries that
registered values of the share of agriculture in GDP lower than the average of the European
Union, 1.63%, as seen in Figure 1, may be excluded from the results’ analysis: Austria,
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Belgium, Germany, Denmark, UK, Ireland, Italy, Luxembourg, Malta, The Netherlands,
and Sweden.

For some member states, as seen in Figure 6, as the governmental R&D expenditure
in agriculture increases, the resulted coefficients indicate a positive relationship. The
positively impacted farmers’ income due to R&D expenditure growth are registered in the
following countries: Bulgaria, the Czech Republic, Finland, France, Greece, Croatia, Latvia,
Poland, Slovakia, and Slovenia. Similar results have been found by other authors [38],
who demonstrated that the budgetary support for agriculture reduced the polarization
and the inequalities of farmers’ income. As stated in FAO reports [15], evidence from
many countries shows that governmental agricultural R&D, education, and access to
information for farmers lead to income growth. These results are consistent with those
of other studies [21,22], showing that the agricultural R&D expenditure has a positive
effect on the growth of farmers’ income. Generalizing, investments in rural areas, not
only in agriculture, have a positive impact on per capita income, as argued in the research
literature [23].

For other member states, as the governmental R&D expenditure in agriculture in-
creases, the resulted coefficients indicate a negative relationship (Figure 6). The negatively
impacted farmers’ income due to R&D expenditure increase are recorded in the following
countries: Cyprus, Spain, Portugal, Romania, Lithuania, and Hungary. Since only for
Cyprus is the relationship between the variable strong (R2 = 0.63), while for the rest of the
countries, the relationships are medium to weak, we may argue that these results do not
change the assumption established at the beginning of the research. Moreover, although
controversial, these results are consistent with those found in the literature [24], showing
that the agricultural investments have a limited positive effect on farmers’ income.

In order to find possible explanations for which in six countries with large shares of
agriculture in the GDP and for which the governmental agricultural R&D expenditure
negatively impacts the farmers’ income (Figures 1 and 8), the government support for
agricultural research and development in each EU member state in absolute values are
taken into account (Figure 9). A total of 22 EU member states have allocated less than
EUR 100 million per year for the governmental agricultural R&D expenditure. In all six
countries, except for Spain, the levels of government support for agricultural research and
development are very low, less than EUR 50 million. Future research should investigate
the reasons why, in the case of Spain, the farmers’ income is negatively impacted by the
agricultural R&D, although in this member state, the government support is significant, at
EUR 488 million.
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Forthcoming strategic directions may take into consideration improving the competi-
tiveness of rural areas and creating new income and employment opportunities for farmers
and their families, as these remain major aims for the future of the European Union [45].
The results of this study have broader implications that go beyond the economic prosperity
of farmers and rural areas towards those involving social issues. Income growth affects
the farmer’s willingness to remain in agriculture and to continue to produce food, while
a decrease in income would create negative pressures on social welfare, and migration
from rural to urban conditions [46]. As a result of this situation, production amounts
will decrease, food prices will increase, food security will be jeopardized, and pressure
on governmental financing will increase. Strategies and macroeconomic policies should
consider not only the economic results, but also the social and ecological consequences,
and the trade-offs and contradictions between sustainability, with its environmental and
social dimensions, and productivity, as its economic dimension, should be acknowledged
and explored.

5. Conclusions

This study presents the impact of the governmental agricultural research and develop-
ment expenditure on farmers’ income, in the sustainable development context. Statistical
data were analyzed, using the regression model, for the time period of 2004–2020 for each
member state of the European Union.

The results of the model are diverse, emphasizing the diversity of the EU’s economy
itself. For some countries, a significant portion of farmers’ income growth is explained
by governmental R&D expenditure in agriculture, e.g., Estonia, Poland, and Slovenia; for
others, the farmers’ incomes are partially explained by R&D investments in agriculture,
e.g., Austria, Belgium, Bulgaria, the Czech Republic, Germany, Finland, France, Greece,
Croatia, Ireland, Latvia, and Slovakia. Controversial results have been found for countries
where the governmental R&D expenditure in agriculture negatively impacts the farmers’
income. However, in the case of these countries, the farmers’ income is weakly impacted
by R&D expenditure, as the values of R2 show. Thus, the hypothesis (H1): Governmental
agricultural R&D expenditure influences farmers’ income, and the extent varies between
countries with different agricultural profiles, has been validated.

Two main categories of results were obtained—countries where farmers’ income are
influenced by the governmental agricultural R&D expenditure, and countries where the
influence is weaker. For the first category of states, the governmental expenditure should
continue to focus on ensuring sustainable income for farmers. The implications go beyond
improving farmers’ revenues, generating on- and off-farm employment, and contributing
to strengthening the economic prosperity of the European Union rural communities. For
the second group of countries, where the influence of agricultural R&D investments is
weaker, the governmental expenditure may be directed towards strengthening rural devel-
opment, promoting food quality, meeting safety standards and food security, and fostering
animal welfare.

Considering this variety of results, their implications are also diverse. The findings
should change the methods and directions for using the governmental agricultural R&D
expenditure; for example, in countries where the R&D investments in agriculture are
among the key factors of farmers’ income growth, the governmental expenditure should
be carefully underpinned by economic analysis. As such, the macroeconomic policy in
rural areas and agriculture become effective in its pathway to achieving the sustainable
development indicators.

Bearing in mind the controversial results of the research, in conclusion, in order
to achieve the Sustainable Development Goals, Goal 2, Zero Hunger, and to ensure a
fair standard of living for farmers and the stability of their incomes, as declared by the
objectives of the EU’s Common Agricultural Policy, a specific role should be attributed
differently to agricultural policy instruments, in general, and governmental agricultural
R&D expenditure, in particular, in each member state of the European Union.

154



Sustainability 2022, 14, 10596

The study has its limitations, since it takes into consideration only one of the farmers’
income drivers, the governmental agricultural R&D expenditure. Future research and in-
depth analysis are required, which should include other factors influencing the agricultural
income, such as weather conditions, market prices, factor productivity, production costs,
supply chain fluency, economic and social crises, etc.
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Abstract: Organic farming is an important objective of the European Commission, translated into
the European Green Pact through the Farm to Fork Strategy and the Biodiversity Strategy, with EU
member countries having to find solutions to meet the target of at least 25% of agricultural land
being used for organic cultivation by 2030. The aim for Romania can be achieved by modelling
the distribution of crops in terms of cultivated areas and production yields obtained in organic and
conventional systems according to the population size. Applying quantitative and qualitative analysis
of EUROSTAT data for the above-mentioned indicators, the geomean function, linear programming,
and the simplex method were used, depending on the set objectives. To demonstrate that organic
farming can be sustainable and in line with the three pillars of sustainability, economic, social and
environmental, we related the agricultural area to the population of Romania to highlight the average
annual growth rate for the 2020–2030 tine horizon. The results showed an increase in agricultural
area per capita of 0.708 ha (4.91%), compared to 0.69 ha as the average for the period 2012–2020,
which correlated with organic production yields 32% lower than conventional agriculture. Through
modelling, the reduction in organic farm yield was found to be less than or equal to the increase
in area per capita, thus reaching the proposed target. The results of this study have long-term
implications for supporting the transition to organic farming in the sense that the study argues
that reaching the target of 25% of agricultural land that can enter organic farming is in line with
the sustainability trilogy. The approach used can be followed and replicated according to national
agricultural policies.

Keywords: modelling organic crops; organic area; strategies; common agricultural policy

1. Introduction

Agriculture is an important sector for Romania, with an average utilised agricultural
area (UAA) of 13.6 million hectares [1]. Agriculture contributes 3.8% toward Romanian
GDP (in 2020). Agriculture is an activity that competes for land, so any policy change
that affects one land use has the potential to induce changes in the other [2]. Sustainable
land use involves considering the range of social, economic and environmental goods
and services provided in a given region [3]. Sustainable land use also involves careful
consideration of the long-term attributes of resilience and robustness that maintain the
underlying ecosystem processes. Population density and GDP are useful indicators in
relation to the two dimensions of human activity, the social and economic aspects, which
are connected to land use characteristics. The presence of a larger population density
requires a higher intensity of land use. On the other hand, increasing economic production
requires more intervention on the land [4]. To carry out this study and in line with the set
target of increasing arable land in organic farming by 25% by 2030, we analysed the input
indicators established for analysis and modelling.
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1.1. Conventional Agriculture

The utilised agricultural area (UAA) decreased by 4.98% in 2020 (13,048.80 thousand ha)
compared to 2012 (13,733.14 thousand ha), with Romania ranking 6th in the EU-27, after
France, Spain, Germany, Poland and Italy (Table 1). Within the structure of land use
categories, the largest share, 64%, is occupied by arable land, with a decrease recorded
in 2020 (8482.86 thousand ha) of 3.6% compared to 2012 (8797.65 thousand ha). Romania
ranks 5th in the EU-27 in this indicator, after France, Spain, Germany and Poland.

Table 1. The breakdown of the Romanian utilized agricultural area (UAA).

2012 2013 2014 2015 2016 2017 2018 2019 2020
Avg.
(%)

Utilised agricultural area
(1000 ha) 13,733 13,905 13,830 13,858 13,521 13,378 13,414 13,826 13,049 100.0

Arable land (%) 64.1 62.9 63.5 63.3 63.5 63.9 64.8 64.8 65.0 64.0
Permanent grassland (%) 32.7 33.9 33.5 33.6 33.4 33.0 32.0 32.2 31.9 32.9

Permanent crops (%) 2.4 2.4 2.2 2.3 2.4 2.4 2.5 2.3 2.3 2.3
Kitchen gardens (%) 0.8 0.8 0.8 0.8 0.7 0.7 0.7 0.7 0.8 0.8

Source: Calculations based on EUROSTAT data series, years 2012–2022 https://ec.europa.eu/eurostat/
databrowser/product/page/TAG00025__custom_3351494 (accessed on 14 September 2022) Utilised agricul-
tural area by categories [TAG00025__custom_3351494].

Although Romania is among the top EU countries in terms of cultivated areas, it
has lower production yields per ha. The extremely severe 2020 and 2022 droughts have
worsened these deficits [5]. The relative economic performance of organic and conventional
agriculture is determined by the ratio of production costs to production value. Both organic
and conventional farmers are vulnerable to fluctuations in input and output prices. The
future of material prices is uncertain. However, changes in commodity prices may have a
greater impact on conventional farmers [6].

1.2. Organic Farming

Organic farming has been present in Romania since 2000 (17,388 ha) and the land area
in production was relatively constant until 2007 (131,529 ha). Since 2007 and until now
both the area and the number of organic operators has increased, at a variable pace. In
the National Rural Development Plan (NRDP) 2007–2013, Romania did not benefit from
compensatory payments, because no measure was implemented in the programme [7]. In
the National Rural Development Plan (NRDP) 2014–2020, organic farming benefited from
Measure 11- Organic farming, with support being directed towards conversion, methods
and maintenance of organic farming practices.

Data presented by “[8]” on organic farming in the EU reveal that at the end of 2020,
there were 14.9 million ha (9.2% of total production) of organic land in the European Union
managed by more than 349 thousand producers (Table 2, col 2 and col 12). The countries
with the largest organic agricultural areas are France (2.5 million ha), Spain (2.4 million ha),
Italy (2.1 million ha), and Germany (1.7 million ha). Romania has an organic agricultural
area of over 469 thousand ha (3.5%) managed by 9647 producers. The organic areas,
for the countries mentioned, are composed of grassland (minimum 26% (Bulgaria) and
maximum 89% (Ireland)), arable crops (minimum 21% (Spain) and maximum 74% (Poland)),
permanent crops (0% (Ireland) and maximum 39% (Malta)) (Table 2).

From a policy perspective, the Farm to Fork strategy target of having “at least 25% of
EU farmland in organic farming by 2030” is seen as a challenge, with many stakeholders
questioning whether this ambition can be achieved. According to the data presented in
Table 2, the lowest proportions of organic land in the EU are found in Romania (3.5%),
Bulgaria (2.3%), Ireland (1.7%) and Malta (0.6%).
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1.3. The Population of Romania

Romania has an area of 238,369 km2 and a population recorded in 2020 of
19,281,118 inhabitants, representing approximately 4.3% of the EU-27 population [9].

Rural areas have substantial sources of development, representing 87% of the national
territory, and the rural population in 2020 was 8.9 million, approximately 46.4% of the
Romanian population.

The rural population decreased (measured in number of inhabitants) by 4.3% due to
negative changes in the main demographic indicators: population ageing, declining birth
rate and migration of the labour force, especially young people, from villages to cities and
especially abroad. It is predicted that some countries in Europe will lose more than 15%
of their population by 2050 due to international migration, Romania being one of these
countries [10,11].

1.4. Policies and Strategies

The 2030 Agenda includes global objectives to guide the actions of international
communities until 2030, and is relevant for both developed and developing countries. The
transition to sustainable food production and agriculture will require major improvements
in resource efficiency, environmental protection and system resilience [12].

Increasing the share of organic agriculture in the EU is part of the Action Plan for the
development of organic production, with the objective of having “at least 25% of the EU’s
agricultural land in organic agriculture and a significant increase in organic aquaculture by
2030”, contained within the From Farm to Consumer Strategy [13,14].

Organic agriculture is one of the many approaches and paradigms found to fulfil the
objectives of sustainable development of agriculture [15,16].

According to IFOAM EU, reaching 25% of organic agricultural land area in the EU
by 2030 is achievable if the CAP provides the necessary remuneration for the benefits of
ecological conversion and maintenance through existing rural development policies or
innovative instruments such as ecological schemes [17].

1.5. The Purpose and Hypothesis of the Research

In view of the above, the aim of this paper is to determine how organic farming
can be developed sustainably, i.e., to determine the size of the areas that can be con-
verted to organic farming so that, on the one hand, the share specified by EU strategies is
achieved and, on the other hand, low yields do not affect food security and thus sustainable
development objectives.

Based on the information, data and literature, the research hypothesis can be con-
cretized. We believe that in Romania, the ecological agricultural system can be developed,
given that the loss of yield can be balanced or cushioned by the fact that the population is
decreasing, so there is a possibility that the agricultural area per capita can increase.

In relation to the share of organic farming in the total agricultural area and its ex-
pansion, we believe that large areas of grassland and meadows can be converted, as they
contribute essentially to this objective.

2. Literature Review

Studies reveal a multitude of approaches regarding sustainability and ecological
agriculture. The dynamics of organic agriculture certification in Romania was studied,
starting from the hypothesis that the slow pace of certifications is due to some subjective
barriers that can be eliminated if incentive measures are applied to support certification [18].

Regarding the EU Action Plan for organic agriculture, axis 1, stimulating and en-
suring consumer confidence in the context of the sustainability and competitiveness of
organic farms [19], proposes the implementation of ecological marketing strategies that
would stimulate both consumption and production, thus contributing to sustainability and
business development.
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Another research study [20] addressed the issue of the limiting factors on the devel-
opment of the organic food sector. The study used the qualitative analysis method with
semi-structured interviews applied to 10 large and medium-sized companies active in the
ecological sector. The limiting factors indicated by the managers refer not only to the legis-
lation, the lack of constant supply of organic raw materials and increased competition on
the domestic and international markets, but also to the instability of the financial situation,
regarding financial liquidity, costs, capital and credits [20].

Rasche and Steinhauser [21], investigated how an increase agricultural area would
affect yield differences between conventional and organic systems. Through the accounting
tool FABLE, they evaluated the changes in consumption of available calories per person-
year/day and the extent of cultivated lands, pastures and areas where natural processes
predominate, until the year 2050. It was concluded that by increasing the ecological sur-
face, there will be a caloric deficit of 7–80 kcal/person/day, corresponding to a surface of
1000–5000 km2 of land cultivated. It was also estimated that the deficit would disappear
without any changes to the system by 2045 due to demographic and technological develop-
ment, and that would be no need for additional cultivated land at all if crop productivity
were to increase.

Eneizen [22], used exploratory qualitative analysis combined with empirical research
results to determine the main obstacles that must be solved for the expansion of ecological
agriculture. The findings of the study, based upon interviews with organic farmers, suggest
that obstacles to adoption of organic farming are: the absence of an organization to certify
organic products, high cost of certification, lack of financing sources, low yield, high price,
lack of specific markets for organic food, the low awareness of farmers, unsuccessful
agricultural reforms, and lack of coordination between interested parties and institutional
changes. The authors recommend that organic farming be carried out by qualified farmers
using modern organic farming techniques that can contribute to increasing production
yields and cost efficiency. The authors also recommend improving communication between
the interested parties of organic agriculture, from farms to markets, including any relevant
intergovernmental departments, to develop organic agriculture.

To answer the question of what the contribution of ecological agriculture to the sus-
tainable development of agriculture is, Kilker [23] refers to the trilogy of sustainability,
socio-economic and environmental development, which would help producers and ex-
porters to improve their incomes and living conditions, especially in poorer countries. From
an economic and social point of view, organic farming reduces the risk of production failure,
stabilises profits and improves the quality of life of small farmers’ families, while from
an ecological point of view, it improves soil fertility and preserves biodiversity, leading
to ecosystem stability, reduced susceptibility to drought and pest attack. These benefits
appear if production methods adapted to local conditions are applied, synthetic chemical
pesticides and fertilizers are avoided, and crop diversity is maximized [24].

In another case study, organic farming is seen as a multi-functional business through
which sustainable profits can be obtained, creating economic opportunities for people
which can help society develop in a sustainable manner. The research was based on visits
to organic farms and organic markets, as well as interviews with farmers. This was a model
for the local community and for wider communities, thus contributing to the fulfilment of
some among the objectives of sustainable development [25].

Sher [26] investigated the barriers to adopting green entrepreneurial agriculture to
obtain economic growth through the minimal use of resources. Of the 34 barriers identified,
20 were considered critical barriers. Based on factor analysis, the 20 barriers were grouped
into six major categories: training and development, entrepreneurial orientation, market
orientation, customer orientation, innovation orientation, and barriers related to the provi-
sion of ecological support. The dominant barrier was training and development, as well as
the marginal role of the government in carrying out such efforts.

For Romania, organic farming can become a technological alternative to conventional
agriculture, as land conversion is within the reach of managers, and this opportunity is
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further enhanced by the high level of land fragmentation and the high number of small
farms in agriculture [27,28].

3. Materials and Methods

The focus of this study was to determine the areas cultivated in an ecological system
for each crop in Romania in order to reach the threshold imposed by the European Union
regulations, regarding the share of organic agriculture in the total agricultural area of 25%.
It is desired that development of ecological agriculture results in as little damage as possible
in terms of yield and productivity; thus, a sustainable expansion of this farming system
is desired.

For this purpose, data taken from European databases (Eurostat) on areas, production,
and crop yields in Romania, both for organic and conventional agriculture, were analysed
quantitatively and qualitatively in order to determine yield differences.

For the expansion of organic farming to be sustainable, the agricultural area per
capita, especially its dynamics, was determined and forecasted for the year 2030, when each
Member State must contribute to 25% of the agricultural area being farmed organically. This
will compare the potential increase in agricultural area per capita (given the demographic
decline in Romania) with the reduction in yields on the organic area (the 25%), so that the
reduction in productivity is less than or equal to the increase in area per capita.

The forecast agricultural area per capita will be determined by relating the agricultural
area to the population forecast by FAOSTAT, which is forecast using the average annual
rate method, this indicator having the following formula [29]:

R =
(

I − 1
)× 100

and
I = n−1

√
∏ It/t−1

where: R—average rate; I—average index; I—individual levels of chain-based indices.
Linear programming and the Simplex method were used to determine an optimum

yield (tending towards the minimum point), with certain conditions that satisfy both
the requirements of European Union regulations and the soil and crop structure specific
to Romania.

Programming problems involve the efficient use or allocation of limited resources to
achieve desired goals. These problems are characterized by many solutions that satisfy
the basic conditions of each problem. Choosing a specific solution as the best solution to a
problem depends on the goals or overall objectives contained in the problem statement.
The solution that satisfies both the problem conditions and the given objective is called the
optimal solution [30].

Linear programming is an important cornerstone of optimization theory. Many real-
world problems can be formulated with linear mathematical models. The simplex algorithm
is the most used tool for solving linear programming [31].

Maximum efficiency means minimizing effort and maximizing output, and the concept
of optimal is defined as a program that minimizes or maximizes an objective function while
satisfying all techno-economic constraints.

Assuming that each component of the line vector “c” measures the efficiency of one
unit of the output of an activity, then the linear function can be introduced [32]:

f(X) = c1 × X1 + c2 × X2 + c3 × X3 + . . . + cn × Xn

Summarizing, we obtain the following linear programming equations:
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⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

optimum
[

f(X)

]
(A)

n
∑

j=1
aij × xj ≤ bi (B)

n
∑

j=1
akj × xj ≤ bk (C)

xj ≥ 0 (D)
j = 1, n

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

Relations A–D together constitute the general model of a linear programming prob-
lem, each having a specific role: Relation (A) is called the efficiency objective func-
tion of the problem, relation B represents resource constraints, and relation C refers to
techno-economic constraints.

Constructing the model of the linear programming problem led to the following
system of equations. The objective function was minimising yield losses, i.e., losses in
organic production compared to conventional production:

f(X)(min)
=

∑n
i=1 Δ%Q × Xi

∑n
i=1 Xi

Xi—The variables taken into account (areas of organic crops cultivated in Romania);
Δ%Q—Relative yield differences for each organic crop compared to the same crop in

a conventional system.
For the objective function, it was desired that the weighted average of the yield

differences be as small as possible, so each (relative) yield difference between organic and
conventional farming for each variable (crop) was multiplied by the area cultivated relative
to the total area cultivated organically.

This objective function was conditioned by a series of equations in order to make
the expansion of areas sustainable and to be able to determine as correctly as possible the
extent of organic crops. Together, the following equations form the system of conditions for
the linear programming problem.

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

∑n
i=1 Xi

UUA = 0.25
∑n

i=1 Δ%Q×Xi
∑n

i=1 Xi
× 0.25 ≤ 4.91%

Xi ≥ Xi2020
X′

i
UAA ≤ 0.25

(′ f or Xi with Δ%Q > 0)

⎫⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎭

The first condition in the previous system of equations refers to the main target of the
European Union strategy, i.e., that the share of organic crops should reach 25%, so that
the sum of the organic areas to be established for the year 2030, in relation to the utilised
agricultural area (the projected one) should reach 25%.

The second condition is the one that provides a sustainable direction for this expansion
of organic areas, i.e., the relative yield gap between organic and conventional agriculture
for the 25% of the agricultural area to be less than or equal to 4.91%, which is the potential
degree by which the agricultural area per inhabitant will increase by 2030, given that
Romania’s population is decreasing faster than the agricultural area.

The third equation requires that the organic areas should start from the year 2020,
i.e., the last year for which data have been recorded in European statistics, and the last
equation requires that the areas of organic crops with positive differences in rankings
should not exceed 25%, i.e., the average increase in areas in order to avoid situations in
which the development of organic farming is based on 2–3 crops, which currently have
very low proportions.
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Therefore, the research stages to be presented will start with the determination and
forecast of the dynamics of the agricultural area per inhabitant, so that on the basis of
the expected increase in the indicator, it will be possible to determine the percentage that
Romania can assume in terms of productivity losses on the 25% of the organic areas. Subse-
quently, the data on yield loss for each crop will be entered into the linear programming
model and these conditions related to the proportion of area and the correlation of losses
with agricultural area per capita will be introduced in order to determine the exact size of
the ecological area for each crop analysed.

4. Results

To identify the areas that should be extended for each organic crop in Romania to
reach the threshold of 25% of the agricultural area, we started with a quantitative analysis
of statistical data on both organic and conventional agriculture.

It can be assumed that organic farming is in its infancy, even if there are data as early
as 2012, or perhaps organic farming existed in practice before this period, but this statement
is based on the proportion of organic areas in the total utilised agricultural area, as shown
in Table 3.

Table 3. Dynamics of total area under organic farming in Romania, hectares.

Time 2012 2013 2014 2015 2016 2017 2018 2019 2020

UAA Eco 103,093 138,125 190,430 175,571 149,613 149,106 171,594 211,487 275,965

% 0.75% 0.99% 1.38% 1.27% 1.11% 1.11% 1.28% 1.53% 2.11%

Source: processing based on Eurostat data.

The area cultivated organically in Romania increased from 103 thousand hectares
in 2012 to approximately 276 thousand hectares in 2020, which represents an increase of
168%. We also observed an average annual growth of 13.1% during the period analysed.
However, it can be seen that the expansion of the organic land area has not been constant
and strictly increasing; there is a decrease in the middle of the period, with 2016 and
2017 recording slightly smaller areas. These years coincided with the interval between
the two programming periods of the Common Agricultural Policy. The subsidies and
funds for agriculture were lower in this period. The standard deviation was approximately
50 thousand hectares, a variation of ±28%.

Table 3 shows the proportion of organic area in the total agricultural area in Romania,
which increased from 0.75% to 2.11%. However, as mentioned above, this proportion is
low compared to other EU countries, so the development of organic farming up to 25% of
the agricultural area will be a challenge.

In order for this development to be sustainable, without economic (drastic reduction in
yields), social (transition to food insecurity) and environmental (high resource consumption)
implications, it is hoped that there is a possible situation in which the difference in yield
and decrease in productivity for that 25% of the agricultural area is covered by the increase
in agricultural area per capita, given the demographic decline in Romania.

This will determine the agricultural area per inhabitant by 2030, the deadline for
meeting the EU biodiversity strategy target.

From Figure 1 it can be seen that utilised agricultural area and population are both
decreasing, but by analysing the trend equation of the two indicators, we found that popu-
lation is decreasing faster than the utilised agricultural area. Over the period 2012–2020,
the utilised agricultural area decreased from 13.73 million hectares to approximately
13.05 million hectares, representing a decrease of 4.95% and an average annual rate of
change of −0.64%.
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Figure 1. Dynamics of agricultural land use and population in Romania. Source: Eurostat data.

Based on the average annual rate of change in utilised agricultural area, as well as
FAOSTAT population forecasts, which estimate that the population will reach 18.3 million
in 2030, it was possible to determine and forecast the agricultural area per capita and the
dynamics of this indicator.

In regard to the period 2012–2020, for which precise data have been recorded for both
utilised agricultural area and population, there were no increases as perhaps expected,
given the steady decrease in population, because the utilised agricultural area has also
fluctuated with both negative and positive variations. The utilised agricultural area per
capita ranged from 0.68 hectares per capita to 0.71 hectares per capita, with an average of
0.69 hectares per capita over the period and a standard deviation of 0.01 hectares per capita
from this average, giving a variation of ±1.6%. (Figure 2).

 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
UAA/pers 0.68 0.69 0.69 0.69 0.68 0.68 0.68 0.71 0.67 0.67 0.68 0.68 0.68 0.69 0.69 0.69 0.70 0.70 0.70
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Figure 2. Determining and forecasting the agricultural area used per capita (ha/capita).

Forecasting this indicator on the basis of the utilised agricultural area determined on
the basis of the average annual rate of change and on the basis of the population according
to the FAO forecast, it is estimated that the agricultural area per capita will follow an
increasing trend until 2030, reaching a level of 0.71 hectares per capita.
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In order to determine the degree of sustainability in terms of yield reduction for
organic farming, the dynamics of the agricultural area per capita was determined, i.e., the
relative difference between the target year (2030) and the last year with exact data, i.e.,
2020, the agricultural area per capita will be expected to increase by 4.91%, which allows
for a slight decrease in agricultural productivity given the characteristics of the organic
farming system.

Next, the areas and yields for all crops recorded in the Eurostat databases, both for
organic and conventional farming, were researched in order to finally determine the yield
differences, which are essential in the second part of the work on minimizing the decrease
in agricultural productivity in organic versus conventional farming, depending on the
areas of the crops studied. The determination of the yields for the two cropping systems in
agriculture and their levels can be seen in Tables A1 and A2.

Table 4 presents the percent yield differences for each crop in Romania grown or-
ganically, according to the Eurostat data, compared to conventional yields, for the period
2012–2020, where data were available. Analysing the average percent differences across
years, there are organic crops for which yields are higher than in the conventional system.
These crops include berries (excluding strawberries), whose yield in organic system was
158% higher; a second crop is hops, but the average was determined over a short period of
time, so there is a larger margin of error. The average yield of organic hops is 65% higher.
Oats and spring cereal mixtures had yields in organic system higher by 9.26%. While all
these crops were higher yielding in organic systems, their area share was not very high. The
situation is different for grain maize and corn-cob-mix, which is only 2% higher yielding in
organic systems, but the area cultivated is about 19% of the total organic area, being the
largest single crop.

However, for the most part, organic crop yields are lower than conventional yields;
among the closest but still lower yields are sunflower (−4.34%), oilseed rape (−10.9%) and
common wheat (−12.46%). At the other end of the scale, there are crops whose organic
yields are much lower, more than half, especially for fruit and vegetables, where organic
yields are more than 70% lower than conventional ones.

On average, for all the organic crops analysed, there was a yield gap of 32% against
organic compared to conventional farming. However, it should be noted that this is a
simple arithmetic average; without considering the share of cultivated areas, by taking
this average weighted by the areas of the main crops, the yield in organic farming was
about 10% lower than in conventional farms, so, as is natural, farmers turned to crops with
potential to risk as little as possible and eliminate losses. However, given that Romania
must expand its organic farming area, farmers will no longer be able to focus on certain
crops, and expansion will most likely widen the gap between weighted yields.

At the same time, in addition to determining the yield differences, which will represent
the coefficients of each variable of the linear programming function, the weight of each crop
will also be used (Figure 3), given that, until now, there are areas cultivated in an organic
system, these will have to be extended from now on, so the values of the variables will
have to be higher than or at least equal to those at present.

As mentioned above, the area under organic maize has a significant share, but this
crop is in first place, with a share of 19% of the total area under organic cultivation, followed
by wheat and spelt, with 15.7%, then sunflower with 8.1%, followed by plants harvested
green from arable land with 6.5%, barley with 3.4%, rapeseed with 3%, and then hops with
only 0.002%.

Therefore, having created this context with which we can realize and determine the
areas that should be cultivated in 2030 in order to reach the European Union target, we
constructed a linear programming model that led to the following system of equations.
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Table 4. Determination of yield differences for each organic crop in Romania compared to the yield
in the conventional system (%).

Relative Differences
[Eco–Conv (%)]

2012 2013 2014 2015 2016 2017 2018 2019 2020 Average

Apples −45.13 –46.05 –40.42 –70.59 –40.89 –14.55 –57.50 –27.49 –70.02 –45.85

Apricots x –74.93 –98.99 –81.26 –87.80 –82.33 –98.92 –94.53 –96.94 –89.46

Aromatic, medicinal and
culinary plants x –30.62 5.84 –12.01 74.84 2.47 –25.37 –5.72 –20.74 –1.41

Barley –31.95 –35.72 –3.38 –15.39 –8.72 –16.67 –48.21 –41.78 –15.82 –24.18

Berries (excluding
strawberries) x –19.17 515.72 41.55 692.70 –14.13 –25.32 40.91 30.93 157.90

Brassicas x –23.51 –64.53 –94.13 –71.68 –98.83 –50.71 –41.59 –75.86 –65.10

Cereals (excluding rice) for the
production of grain (including
seed)

x –34.47 2.38 21.49 –1.21 –16.78 –38.38 –31.78 –30.84 –16.20

Cereals for the production of
grain (including seed) x –33.94 3.69 22.79 –2.02 –16.43 –38.09 –31.28 –29.74 –15.63

Cherries x –74.83 –85.40 –84.80 –70.20 –40.81 –86.32 –85.11 –92.74 –77.53

Common wheat and spelt x 13.31 6.64 –0.30 –17.80 –31.66 –27.66 –29.71 –12.46

Dry pulses and protein crops
for the production of grain
(including seed and mixtures
of cereals and pulses)

x –20.09 40.10 15.10 –22.74 –0.51 –1.25 1.59 –3.14 1.13

Durum wheat x x –39.29 4.38 –21.84 –43.04 –49.78 41.48 –21.10 –18.45

Fibre crops x x –68.99 –98.17 47.20 29.50 9.83 –11.88 –91.41 –26.27

Fresh pulses x –17.97 –87.51 –58.99 –47.98 –82.12 –71.71 58.55 49.57 –32.27

Fresh vegetables (including
melons) x x –90.58 –68.31 –74.27 –84.41 –84.42 –72.52 –66.71 –77.32

Fresh vegetables (including
melons) and strawberries x x –90.44 –68.16 –74.11 –83.74 –84.24 –72.65 –66.19 –77.08

Fruits, berries and nuts
(excluding citrus fruits, grapes
and strawberries)

x x –51.88 –81.73 –62.61 –63.95 –82.40 –70.72 –83.18 –70.92

Grain maize and corn–cob–mix 18.70 –30.93 12.22 66.02 18.56 0.81 –22.52 –21.54 –23.51 1.98

Grapes –16.83 –30.19 –40.35 9.24 –59.03 –23.43 51.24 –17.14 –37.46 –18.22

Hops x x 43.37 4.55 147.62 x x x x 65.18

Industrial crops x –28.73 1.91 x x x x x x –13.41

Leafy and stalked vegetables
(excluding brassicas) x –41.90 –57.22 –92.11 –64.08 –63.91 –91.33 –6.83 –68.06 –60.68

Linseed (flax) x x 0.14 –12.56 33.68 4.89 –7.03 –24.83 2.28 –0.49

Nuts x –89.54 –95.61 –98.14 –96.30 –99.09 –97.36 –98.55 –98.31 –96.61

Oats and spring cereal
mixtures (mixed grain other
than maslin)

71.03 –26.85 5.42 100.94 19.45 –30.34 –26.71 –0.09 –29.57 9.26

Oilseeds x –27.85 3.07 14.57 3.45 –23.22 –26.64 –29.16 –5.37 –11.39

Other oilseed crops n.e.c. x x 58.17 –12.06 –2.77 –59.48 –69.35 15.33 70.71 0.08

Other pome fruits n.e.c. x x x –95.41 –93.36 –92.16 –95.54 –90.43 –88.51 –92.57

Other root crops n.e.c. x –67.49 –67.52 –80.41 –84.17 –74.34 –71.70 –70.69 –95.43 –76.47

Peaches x –18.47 –57.29 –26.65 –70.05 –61.92 –86.18 –61.64 –83.64 –58.23

Pears x –74.68 –86.62 –89.76 –77.50 –76.96 –94.58 –83.94 –82.29 –83.29

Permanent crops for human
consumption x x –41.20 –63.83 –54.51 –53.49 –60.12 –56.48 –73.79 –57.63

Plants harvested green from
arable land x x –38.79 –27.58 –4.81 –19.20 –34.98 –16.45 –27.94 –24.25

Plums x –58.25 –59.80 –85.58 –80.16 –74.34 –88.92 –87.16 –84.46 –77.33

Pome fruits x x –47.77 –77.23 –58.52 –37.55 –62.76 –34.96 –72.03 –55.83

Potatoes (including seed
potatoes) x –43.32 –32.97 –45.67 –37.42 –57.79 –71.61 –57.48 –37.21 –47.93
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Table 4. Cont.

Relative Differences
[Eco–Conv (%)]

2012 2013 2014 2015 2016 2017 2018 2019 2020 Average

Rape and turnip rape seeds x x –8.46 1.93 –10.83 –18.78 –16.87 –3.20 –20.06 –10.90

Rice –21.33 –29.35 66.10 18.64 –25.96 0.26 –18.50 –7.46 19.56 0.22

Root crops x –43.58 –19.42 –10.53 2.28 –43.54 –42.84 –11.58 21.34 –18.48

Root, tuber and bulb
vegetables x –25.61 –83.24 –32.29 –54.34 –80.74 –64.43 –49.79 –51.51 –55.24

Rye and winter cereal mixtures
(maslin) 42.60 –20.74 –19.21 –3.51 –3.72 –46.30 –54.44 –24.18 –1.13 –14.51

Soya x x 0.99 2.58 –6.52 –17.45 –30.30 –32.02 –13.92 –13.80

Stone fruits x x –64.14 –84.58 –77.91 –70.82 –89.15 –87.28 –85.93 –79.97

Strawberries x x –44.93 –54.36 –59.16 50.52 –68.65 –61.91 –11.88 –35.77

Sugar beet (excluding seed) x –44.77 –8.87 –27.34 –36.77 –65.58 –63.12 –54.86 17.68 –35.45

Sunflower seed x x 7.36 24.18 20.39 –23.55 –28.18 –32.83 2.27 –4.34

Tobacco x –33.27 x x x x x x x –33.27

Vegetables cultivated for fruit
(including melons) x –39.05 –50.95 –68.37 –59.33 –69.00 –77.23 –74.05 –68.76 –63.34

Wheat and spelt –2.47 –30.79 12.41 5.85 –1.89 –18.35 –32.20 –27.54 –29.80 –13.87

Source: authors’ calculations, x—no data available.

 

Figure 3. Share of main organic crops in Romania.

The variables considered and the main coefficients of the variables or equations are
presented in Table A3.

Table A3 shows the 40 variables, i.e., the 40 crops grown organically in Romania,
for which data were available, with the related coefficients, i.e., the relative difference in
yield between organic and conventional farming, and the share of each crop in the total
agricultural area used. All these crops will be included in the Simplex method, and the
change in each area for each crop will fulfil both the conditions presented above and the
objective function.

Following the application of the simplex method, which led to the optimal solution
that fulfils both the objective function (Table 5), where productivity do not decrease very
much, and the set of conditions imposed, the areas for the 40 organic crops were identified
for which Romania would reach the share of 25% of the utilised agricultural area.
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Table 5. Solution of the objective function as a function of each variable.

Crt.
No.

Crop Variable
Values Xi

(ha)
Proportion in
Organic Area

Proportion in
UAA

1 Apples X1 7994.49 0.247% 0.06%

2 Apricots X2 300.80 0.009% 0.00%

3 Aromatic, medicinal and culinary plants X3 738.00 0.023% 0.01%

4 Barley X4 363,833.67 11.225% 2.81%

5 Berries (excluding strawberries) X5 1660.00 0.051% 0.01%

6 Brassicas X6 14.45 0.000% 0.00%

7 Cherries X7 315.30 0.010% 0.00%

8
Dry pulses and protein crops for the
production of grain (including seed and
mixtures of cereals and pulses)

X8 4173.00 0.129% 0.03%

9 Durum wheat X9 1732.00 0.053% 0.01%

10 Fresh pulses X10 24.27 0.001% 0.00%

11 Fresh vegetables (including melons) and
strawberries X11 1330.45 0.041% 0.01%

12 Grain maize and corn-cob-mix X12 614,446.52 18.956% 4.74%

13 Grapes X13 1867.00 0.058% 0.01%

14 Hops X14 0.00 0.000% 0.00%

15 Leafy and stalked vegetables (excluding
brassicas) X15 7.10 0.000% 0.00%

16 Linseed (flax) X16 1252.00 0.039% 0.01%

17 Nuts X17 29,288.03 0.904% 0.23%

18 Oats and spring cereal mixtures (mixed grain
other than maslin) X18 1118.00 0.034% 0.01%

19 Other oilseed crops n.e.c. X19 478.00 0.015% 0.00%

20 Other pome fruits n.e.c. X20 299.34 0.009% 0.00%

21 Other root crops n.e.c. X21 1.00 0.000% 0.00%

22 Peaches X22 33.96 0.001% 0.00%

23 Pears X23 160.58 0.005% 0.00%

24 Permanent crops for human consumption X24 254,849.78 7.862% 1.97%

25 Plants harvested green from arable land X25 1014,334.26 31.293% 7.82%

26 Plums X26 17,385.66 0.536% 0.13%

27 Pome fruits X27 13,371.47 0.413% 0.10%

28 Potatoes (including seed potatoes) X28 92.26 0.003% 0.00%

29 Rape and turnip rape seeds X29 98,396.75 3.036% 0.76%

30 Rice X30 1424.00 0.044% 0.01%

31 Root, tuber and bulb vegetables X31 135.36 0.004% 0.00%

32 Rye and winter cereal mixtures (maslin) X32 127.00 0.004% 0.00%

33 Soya X33 14,536.00 0.448% 0.11%

34 Stone fruits X34 25,398.29 0.784% 0.20%

35 Strawberries X35 20.27 0.001% 0.00%

36 Sugar beet (excluding seed) X36 72.09 0.002% 0.00%
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Table 5. Cont.

Crt.
No.

Crop Variable
Values Xi

(ha)
Proportion in
Organic Area

Proportion in
UAA

37 Sunflower seed X37 262,274.88 8.091% 2.02%

38 Tobacco X38 0.00 0.000% 0.00%

39 Vegetables cultivated for fruit (including
melons) X39 360.68 0.011% 0.00%

40 Wheat and spelt X40 507,576.02 15.659% 3.91%

41 TOTAL 3241,422.74 100% 25%

Source: authors’ calculations.

As can be seen from Table 5, the total organic area would need to be 3.241 million
hectares to reach the 25% share. Of this total, the largest and most extensive crop share
should be plants harvested green from arable land with 1.014 million hectares, which
represents 31.29% of the organic area and 7.8% of the total utilised agricultural area.

Grain maize and corn-cob-mix is the second most important crop, with an area of
614.4 thousand hectares, i.e., a share of 4.7% of the utilised agricultural area. Wheat and
spelt is in third place with an organic area of 507.5 thousand hectares, representing 3.9% of
the utilised agricultural area.

According to the optimal solution, i.e., according to the values of the 40 variables,
this results in an objective function value of −19.64%, i.e., the smallest difference in
yield/productivity between organic and conventional farming according to the organic
crop structure shown in Table 5 and Figure 4. With this organic crop structure, the first
condition is met, i.e., the organic area is 25% of the utilised agricultural area; the second
condition is also met at the limit, but it can be seen that this yield decrease of 19.64% applied
to 25% of the agricultural area results in a fixed total decrease in agricultural production
of 4.91%, which does not exceed the increase of agricultural area per capita, so we can
consider that this extension of agricultural area can be considered as sustainable. The other
conditions have also been met.

 

Figure 4. Structure of ecological surfaces according to the optimal solution.
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5. Discussion

The study was based on the premise that the share of agricultural land cultivated
organically should reach 25% of the country’s agricultural land by 2030, and the aim of the
study was to determine the amount of each crop that should be cultivated organically in
order to reach this share with certain sustainability restrictions.

Given that the average yield of organic crops is just over 30% lower, this would
negatively affect food security and sustainable development goals. Thus, in determining
the size of the areas cultivated for each crop, it was decided to minimise productivity losses
so that, applying these losses to the 25% of the area, the total loss of production would be
less than or equal to the gain in agricultural area per inhabitant determined by the decrease
in Romania’s population.

After identifying the optimal solution, when the crop structure and the size of the crop
areas resulting in the smallest loss of productivity, which is about 20%, are applied to the
25% area, then a total loss of 5% of agricultural production results, which is recovered by
increasing the agricultural area per capita.

Furthermore, following the identification of the optimal solution, it is observed that
the hypothesis becomes true, namely that the main crop to be cultivated in the highest
proportion will be the one related to green plants, thus leading us to the idea of cultivating
and converting the cultivated areas to grassland and meadows.

The economic impact, not just the technical one, must also be discussed. Given the loss
of yield and the high cost of inputs in organic farming, the final cost per unit of product will
be higher, and this will be reflected in the market price. As the price of organic products
is higher than conventional products, this means a higher value for organic products per
unit of product, but this price aspect has not been taken into account, as this is the only
technical condition of the European Union’s area ratio strategies. If the price of products,
the value of production and the price difference between the two systems had been taken
into account, the crop structure would probably have looked different, with uncertainty
as to whether the main condition of area assurance would still be met. Unfortunately,
however, this analysis could not be carried out due to the limitations of the static data, as
there are no price data for organic products.

6. Conclusions

In this paper, the aim was to determine the ecological areas that should be cultivated
in Romania by 2030, so that their share meets the targets of the European Union strategy
for biodiversity, namely 25%. Although this share represents the EU average of organic
crop area in the total agricultural land, this paper assumes that Romania should ensure this
share in a sustainable way.

Given that organic crop yields are lower than conventional ones, in order to achieve
sustainable growth, the agricultural area per capita in Romania was determined, so even
if the dynamics of agricultural area and population are decreasing, the rate of population
decline is faster, so the indicator of agricultural area per capita is expected to increase in
the period 2020–2030, with a forecasted increase of up to 5%. This would therefore be
considered as the upper limit of yield losses in organic farming for the 25% of the area.

In order to determine as accurately and optimally as possible the areas of organic
crops to be sown, the average yields per hectare for the intersection of crops recorded in
Romania between the two systems were analysed, thus determining the relative differences
in productivity between the organic and conventional systems for each crop and the average
relative difference, which was 32% against organic farming.

In addition, we mention the fulfilment of the proportion of 25% of the total agricultural
area as organic cultivation, as well as the difference in yield for the section of 25% of the
agricultural area as less than or equal to the growth rate of agricultural area per capita, so
that sustainable growth of organic agriculture will be present in Romania.

It was concluded that the organic area would have to increase by 11.7 times, i.e., to
reach a size of 3.24 million ha, to ensure the proportion recommended in the EU strategy.
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Solving the linear programming problem led to the determination of the size of the areas to
be cultivated organically for each crop in order to fulfil the objective function of minimising
yield loss. This gives the smallest yield loss in organic farming compared to conventional
farming, 16.94%. At the same time, this yield decrease, applied to 25% of the agricultural
area, leads to a loss of up to 5% of production, which is sustainably covered by the increase
in agricultural area per capita due to the decrease in population.
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Appendix A

Table A1. Conventional crop yield (t/ha).

Conventional Yield 2012 2013 2014 2015 2016 2017 2018 2019 2020

Apples 8.195 8.344 8.951 8.330 8.228 6.107 11.768 9.342 10.269

Apricots 11.128 9.511 14.191 11.340 13.395 15.469 17.477 14.422 13.187

Aromatic, medicinal and
culinary plants 0.741 0.936 1.319 1.318 1.280 1.279 1.213 1.114 1.159

Barley 2.325 3.111 3.319 3.461 3.773 4.186 4.417 4.188 2.582

Berries (excluding
strawberries) 1.105 1.382 1.149 1.239 1.155 1.436 1.915 2.414 2.365

Brassicas 19.739 18.604 23.178 21.386 21.371 22.640 23.331 20.543 27.218

Cereals (excluding rice) for
the production of grain
(including seed)

2.352 3.853 4.055 3.532 3.963 5.224 5.998 5.458 3.398

Cereals for the production
of grain (including seed) 2.357 3.854 4.054 3.534 3.964 5.224 5.997 5.458 3.399

Cherries 9.946 10.927 12.360 11.468 11.535 9.218 12.333 12.061 11.971

Citrus fruits 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Common wheat and spelt 2.653 3.469 3.587 3.781 3.945 4.890 4.796 4.754 2.967

Cotton seed 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Cultivated mushrooms 465.500 439.500 488.000 1096.000 726.000 758.500 172.333 173.375 716.000

Dry pulses and protein
crops for the production of
grain (including seed and
mixtures of cereals and
pulses)

1.139 1.377 1.427 1.394 1.646 2.510 1.426 2.023 1.124
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Table A1. Cont.

Conventional Yield 2012 2013 2014 2015 2016 2017 2018 2019 2020

Durum wheat 2.476 3.000 4.889 2.845 3.511 4.305 3.687 2.885 2.501

Fibre crops 0.667 0.467 5.921 4.300 5.435 1.544 1.870 2.210 2.488

Fresh pulses 3.251 4.160 4.090 4.173 4.008 4.104 4.339 3.949 5.209

Fresh vegetables
(including melons) 14.523 16.336 17.659 16.546 16.091 17.835 18.632 16.632 20.379

Fresh vegetables
(including melons) and
strawberries

14.420 16.244 17.525 16.410 15.946 17.617 18.389 16.413 19.998

Fruits from subtropical
and tropical climate zones 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Fruits, berries and nuts
(excluding citrus fruits,
grapes and strawberries)

7.602 8.418 8.827 8.428 8.593 7.176 12.726 10.556 11.233

Grain maize and
corn-cob-mix 2.180 4.488 4.770 3.459 4.158 5.956 7.637 6.500 3.974

Grapes 4.205 5.586 4.465 4.514 4.209 6.065 6.601 5.523 5.633

Hops 0.739 0.708 1.125 0.957 0.808 0.522 0.846 0.880 0.840

Industrial crops 1.320 2.072 2.307 0.000 0.000 0.000 0.000 0.000 0.000

Leafy and stalked
vegetables (excluding
brassicas)

9.442 11.064 12.208 12.674 13.522 14.395 15.372 10.197 8.945

Linseed (flax) 1.203 1.332 1.567 1.670 1.646 1.676 1.538 2.013 1.199

Nectarines 6.750 5.909 7.417 7.333 6.083 5.000 5.571 5.250 6.143

Nuts 18.025 18.110 14.711 15.191 13.910 19.034 23.827 19.857 19.004

Oats and spring cereal
mixtures (mixed grain
other than maslin)

1.743 2.051 2.124 1.999 2.239 2.460 2.376 2.243 1.941

Oilseeds 1.322 2.079 2.312 1.964 2.207 2.823 2.835 2.662 1.923

Olives 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Other fresh vegetables
n.e.c. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Other oilseed crops n.e.c. 0.667 0.896 0.920 0.870 1.144 1.234 0.841 0.816 0.680

Other permanent crops for
human consumption n.e.c. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Other pome fruits n.e.c. 14.603 13.855 17.736 17.000 16.817 21.209 25.630 22.890 22.339

Other root crops n.e.c. 22.502 28.457 29.766 30.625 25.268 28.250 28.272 23.879 21.878

Other stone fruits n.e.c 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Peaches 8.426 9.321 13.893 12.355 13.357 11.204 13.262 9.994 9.549

Pears 13.267 16.379 16.910 14.643 15.810 14.756 18.439 14.987 15.094

Permanent crops for
human consumption 5.722 6.876 6.416 6.240 6.148 6.558 9.319 7.712 8.165

Plants harvested green
from arable land 5.906 6.713 6.995 6.423 5.847 6.371 7.029 6.201 5.553

Plums 6.031 7.367 7.278 7.397 7.713 6.515 12.594 10.562 11.310

Pome fruits 8.686 8.960 9.610 8.819 8.808 6.906 12.425 9.946 10.802
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Table A1. Cont.

Conventional Yield 2012 2013 2014 2015 2016 2017 2018 2019 2020

Potatoes (including seed
potatoes) 10.752 15.846 17.365 13.769 14.442 18.186 17.442 15.086 15.849

Rape and turnip rape
seeds 1.496 2.408 2.604 2.499 2.835 2.798 2.546 2.264 2.150

Rice 4.450 4.528 3.509 4.428 4.569 4.689 5.195 5.320 4.112

Root crops 12.968 18.913 21.516 17.606 17.989 21.834 20.495 18.305 19.181

Root, tuber and bulb
vegetables 10.156 12.314 13.301 11.552 10.767 11.873 12.012 11.365 12.884

Rye and winter cereal
mixtures (maslin) 2.104 2.217 2.395 2.533 2.479 2.936 2.791 2.797 2.532

Soya 1.384 2.344 2.687 2.164 2.190 2.521 2.908 2.783 2.018

Stone fruits 6.584 7.804 8.107 7.978 8.314 7.070 12.705 10.772 11.370

Strawberries 6.771 9.784 9.079 8.398 8.434 8.305 7.976 6.855 6.979

Sugar beet (excluding
seed) 26.366 36.575 44.711 39.129 40.618 41.649 38.035 40.350 33.684

Sunflower seed 1.310 1.993 2.187 1.765 1.955 2.917 3.041 2.783 1.858

Tobacco 1.063 1.447 1.640 1.440 1.785 1.525 1.370 1.344 1.307

Vegetables cultivated for
fruit (including melons) 15.519 18.196 18.769 18.049 17.560 20.083 21.105 18.784 23.987

Wheat and spelt 2.652 3.468 3.590 3.780 3.944 4.888 4.793 4.749 2.966

Source: authors’ calculations.

Table A2. Organic crop yield (t/ha).

Organic Yield 2012 2013 2014 2015 2016 2017 2018 2019 2020

Apples 4.497 4.502 5.333 2.450 4.863 5.219 5.002 6.774 3.079

Apricots x 2.385 0.143 2.125 1.635 2.733 0.188 0.788 0.403

Aromatic, medicinal and
culinary plants x 0.650 1.396 1.160 2.237 1.311 0.906 1.051 0.919

Barley 1.582 2.000 3.207 2.928 3.444 3.488 2.288 2.438 2.173

Berries (excluding
strawberries) x 1.117 7.074 1.754 9.157 1.233 1.430 3.401 3.096

Brassicas x 14.231 8.222 1.256 6.051 0.265 11.500 12.000 6.571

Cereals (excluding rice) for
the production of grain
(including seed)

x 2.525 4.152 4.291 3.915 4.348 3.696 3.723 2.350

Cereals for the production
of grain (including seed) x 2.546 4.204 4.339 3.884 4.366 3.713 3.750 2.388

Cherries x 2.750 1.805 1.743 3.438 5.456 1.688 1.796 0.869

Citrus fruits x x x x x x x x x

Common wheat and spelt x x 4.065 4.032 3.933 4.019 3.278 3.439 2.085

Cotton seed x x 1.500 x x x x x x

Cultivated mushrooms x x x x x x x x x
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Table A2. Cont.

Organic Yield 2012 2013 2014 2015 2016 2017 2018 2019 2020

Dry pulses and protein
crops for the production of
grain (including seed and
mixtures of cereals and
pulses)

x 1.100 1.999 1.605 1.272 2.497 1.408 2.055 1.089

Durum wheat x x 2.968 2.970 2.744 2.453 1.852 4.081 1.973

Fibre crops x x 1.836 0.079 8.000 2.000 2.054 1.947 0.214

Fresh pulses x 3.413 0.511 1.711 2.085 0.734 1.228 6.261 7.792

Fresh vegetables
(including melons) x x 1.664 5.244 4.141 2.780 2.903 4.570 6.785

Fresh vegetables
(including melons) and
strawberries

x x 1.675 5.225 4.128 2.865 2.898 4.488 6.761

Fruits from subtropical
and tropical climate zones x x x x x x x x x

Fruits from temperate
climate zones x 3.959 4.219 1.646 2.781 3.147 2.855 3.838 2.280

Fruits, berries and nuts
(excluding citrus fruits,
grapes and strawberries)

x x 4.247 1.540 3.213 2.587 2.239 3.091 1.889

Grain maize and
corn-cob-mix 2.587 3.100 5.352 5.743 4.930 6.004 5.917 5.100 3.040

Grapes 3.497 3.900 2.664 4.931 1.724 4.644 9.982 4.577 3.523

Hops x 1.613 1.000 2.000

Industrial crops x 1.477 2.351 2.203 2.283 2.140 2.054 1.875 1.806

Leafy and stalked
vegetables (excluding
brassicas)

x 6.429 5.222 1.000 4.857 5.195 1.333 9.500 2.857

Linseed (flax) x 1.569 1.460 2.200 1.758 1.430 1.513 1.226

Nectarines x x x x x x x x x

Nuts x 1.895 0.646 0.282 0.514 0.174 0.630 0.288 0.321

Oats and spring cereal
mixtures (mixed grain
other than maslin)

2.980 1.500 2.239 4.016 2.674 1.714 1.742 2.241 1.367

Oilseeds x 1.500 2.383 2.251 2.283 2.167 2.080 1.886 1.820

Olives x x x x x x x x x

Other cereals (including
triticale and sorghum) 3.199 1.557 2.484 1.575 0.978 2.383 1.814 1.183 1.562

Other fresh vegetables
n.e.c. x x 0.910 21.610 3.262 3.695 1.937 1.283 5.778

Other industrial crops
including energy crops
n.e.c.

x x 0.000 3.800 0.000 1.346 1.503 0.000 0.000

Other oilseed crops n.e.c. x x 1.455 0.765 1.112 0.500 0.258 0.941 1.161

Other permanent crops for
human consumption n.e.c. x x 0.000 0.838 0.000 0.353 0.862 0.040 0.064

Other pome fruits n.e.c. x x 0.000 0.781 1.117 1.663 1.144 2.190 2.567
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Table A2. Cont.

Organic Yield 2012 2013 2014 2015 2016 2017 2018 2019 2020

Other root crops n.e.c. 9.250 9.667 6.000 4.000 7.250 8.000 7.000 1.000

Other stone fruits n.e.c x x 3.409 2.000 8.607 5.988 1.522 1.158 1.774

Peaches x 7.600 5.933 9.063 4.000 4.267 1.833 3.833 1.563

Pears x 4.147 2.263 1.500 3.557 3.400 1.000 2.406 2.672

Permanent crops for
human consumption x x 3.773 2.257 2.797 3.050 3.717 3.356 2.140

Plants harvested green
from arable land x x 4.282 4.652 5.566 5.148 4.570 5.181 4.001

Plums x 3.076 2.926 1.067 1.530 1.672 1.396 1.356 1.758

Pome fruits x 5.019 2.008 3.654 4.312 4.627 6.469 3.021

Potatoes (including seed
potatoes) x 8.982 11.640 7.481 9.038 7.675 4.952 6.415 9.952

Rape and turnip rape
seeds x x 2.384 2.548 2.528 2.273 2.117 2.191 1.719

Rice 3.501 3.199 5.829 5.254 3.383 4.701 4.234 4.923 4.916

Root crops x 10.670 17.338 15.753 18.400 12.328 11.716 16.185 23.275

Root, tuber and bulb
vegetables x 9.160 2.229 7.821 4.917 2.287 4.273 5.706 6.248

Rye and winter cereal
mixtures (maslin) 3.000 1.757 1.935 2.444 2.387 1.577 1.272 2.121 2.504

Soya x x 2.713 2.220 2.047 2.081 2.027 1.892 1.737

Stone fruits x x 2.907 1.230 1.837 2.063 1.378 1.370 1.600

Strawberries x x 5.000 3.833 3.444 12.500 2.500 2.611 6.150

Sugar beet (excluding
seed) x 20.200 40.743 28.431 25.684 14.336 14.026 18.216 39.638

Sunflower seed x x 2.348 2.192 2.353 2.230 2.184 1.869 1.900

Tobacco x 0.966 x x x x x x x

Vegetables cultivated for
fruit (including melons) x 11.090 9.206 5.709 7.142 6.225 4.805 4.874 7.494

Wheat and spelt 2.586 2.400 4.035 4.001 3.869 3.991 3.250 3.441 2.082

Source: authors’ calculations, x—no data available.

Table A3. Definition of variables and initial coefficients.

Crt.
No.

Organic Farming
(Area)

Variable
Relative Difference

in Yield
(Δ%Q)

Share of Ecological
Area in UAA

1 Apples X1 –45.85 0.408%

2 Apricots X2 –89.46 0.016%

3 Aromatic, medicinal and culinary plants X3 –1.41 0.023%

4 Barley X4 –24.18 3.417%

5 Berries (excluding strawberries) X5 157.90 0.004%

6 Brassicas X6 –65.10 0.205%
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Table A3. Cont.

Crt.
No.

Organic Farming
(Area)

Variable
Relative Difference

in Yield
(Δ%Q)

Share of Ecological
Area in UAA

7 Cherries X7 –77.53 0.043%

8 Dry pulses and protein crops for the production of grain
(including seed and mixtures of cereals and pulses) X8 1.13 0.621%

9 Durum wheat X9 –18.45 0.042%

10 Fresh pulses X10 –32.27 0.051%

11 Fresh vegetables (including melons) and strawberries X11 –77.08 0.972%

12 Grain maize and corn–cob–mix X12 1.98 18.956%

13 Grapes X13 –18.22 1.162%

14 Hops X14 65.18 0.002%

15 Leafy and stalked vegetables (excluding brassicas) X15 –60.68 0.003%

16 Linseed (flax) X16 –0.49 0.017%

17 Nuts X17 –96.61 0.015%

18 Oats and spring cereal mixtures (mixed grain other than
maslin) X18 9.26 1.112%

19 Other oilseed crops n.e.c. X19 0.08 0.032%

20 Other pome fruits n.e.c. X20 –92.57 0.009%

21 Other root crops n.e.c. X21 –76.47 0.084%

22 Peaches X22 –58.23 0.012%

23 Pears X23 –83.29 0.024%

24 Permanent crops for human consumption X24 –57.63 2.099%

25 Plants harvested green from arable land X25 –24.25 6.484%

26 Plums X26 –77.33 0.446%

27 Pome fruits X27 –55.83 0.401%

28 Potatoes (including seed potatoes) X28 –47.93 1.211%

29 Rape and turnip rape seeds X29 –10.90 3.036%

30 Rice X30 0.22 0.066%

31 Root, tuber and bulb vegetables X31 –55.24 0.222%

32 Rye and winter cereal mixtures (maslin) X32 –14.51 0.074%

33 Soya X33 –13.80 0.964%

34 Stone fruits X34 –79.97 0.517%

35 Strawberries X35 –35.77 0.019%

36 Sugar beet (excluding seed) X36 –35.45 0.185%

37 Sunflower seed X37 –4.34 8.091%

38 Tobacco X38 –33.27 0.006%

39 Vegetables cultivated for fruit (including melons) X39 –63.34 0.472%

40 Wheat and spelt X40 –13.87 15.659%
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Abstract: This article contributes to the discussion about the socioeconomic factors that reinforce pes-
ticide dependence in the European Union and hinder the transition to more sustainable agricultural
practices in light of the European Union’s Green Deal objective of reducing the use of pesticides by
50% by 2030. The analysis has a two-pronged purpose: (1) to identify the determinants of pesticide
consumption in the European Union by conducting a set of four seemingly unrelated regressions
and (2) to emphasize the existence of regional patterns across EU countries formed by the factors
that significantly impact pesticide consumption based on a cluster analysis. Per capita GDP, selling
prices, population, and real income positively influence pesticide use, whereas subsidies and organic
agricultural area negatively influence them. Pesticide use is most affected by GDP per capita and
least affected by subsidies. Cluster analysis highlights regional differences reflected in three clusters:
(1) the most recent EU member states, (2) the European countries with large population levels, and
(3) the countries with the highest GDP per capita. Our findings may contribute to the EU’s capacity to
generate policy changes at the member state level and can be built into recommendations to address
the persistent overuse of pesticides.

Keywords: Green Deal; Farm-to-Fork; pesticides; sustainable crop production; sustainable produc-
tion policies

1. Introduction

The term ‘sustainability’ in agriculture describes the need to meet the food needs of
the growing human population while ensuring minimal impact on the environment and
people as well as profitability for producers [1]. Most researchers agree that sustainabil-
ity in the agricultural field should, by definition, address the environmental, economic,
and social issues associated with its practice [2]. Food systems refer to the entire range
of activities from production to consumption [3] that contain the ‘environment, people,
inputs, processes, infrastructures, institutions’ and the ’socioeconomic and environmental
outcomes’ [4]. They are widely spread across multiple economic territories in various
geographic regions, a fact that leaves them exposed to various risks [5]. The growing
demand for food, which mainly comes from the growing population, simultaneously exerts
pressures to keep food prices affordable to all people which is opposed by pressure to
keep the businesses of agri-food producers profitable and address climate change issues.
These pressures impact food systems at an unprecedented level and emphasize the need
for sustainability. Furthermore, prices for agri-food inputs and outputs have increased
significantly in recent years because of the COVID-19 pandemic and the war in Ukraine;
these events have caused severe shortages in the supply chain [6,7].

Contrary forces are at work when attempting to ensure the sustainability of agriculture.
Several agricultural practices that are employed to ensure that food is affordable and
available to the growing population, while also generating enough revenue for farmers
to maintain agricultural production, have a detrimental effect on both human health and
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the environment. According to the European Environment Agency, most of the existing
operations of the EU agri-food systems have a direct impact on the deterioration of the
environment and climate in Europe. These activities also have a negative impact on
biodiversity and climate change and cause pollution [4]. Various pesticides on the market
have been banned because of their extremely severe effects on both human health and the
environment; other available pesticides are fake. Pesticides that are used legally may also
cause diseases of different types and intensity levels [8]. Estimates indicate that there are
168,000 deaths worldwide and one to two million cases of pesticide poisoning each year [8].

Fertilizers and pesticides are the two types of chemicals that are widely used in current
agricultural systems. The former increase soil fertility, allowing crops to produce higher
yields, while the latter protect crops from diseases and pests [9]. Therefore, the use of
pesticides in agriculture, along with other measures, has positive effects on the level of crop
production. Production per unit of input is often referred to as intensity in agriculture [10].
Higher intensity can be obtained mainly through mechanization [11], improved seed
productivity [12], reduced crop cycle, increased fertilizer consumption [13,14], and reduced
losses due to the use of pesticides [15].

The Common Agricultural Policy (CAP) had a major contribution to agriculture inten-
sification [16,17], providing incentives to farmers to increase productivity. The drawback,
which was later acknowledged, is that agriculture intensification further degrades the
soil, decreasing the concentration of organic resources [18,19], thus increasing the need
for additional compensation. Current food support policies do not meet the requirements
of a modern food system and have not kept up with the rapid structural changes that
affect food systems or the difficulties caused by these changes [20]. Market price support,
production payments, and the unrestricted use of inputs are among the most distorting
government interventions and the most environmentally damaging agricultural support
programs. They create incentives for increased input consumption, for the allocation of land
to subsidized crops, and for the introduction of additional land for agricultural production.
In the absence of adequate limitations, payments based on variable inputs could encourage
the overuse of pesticides, resulting in significant damage to freshwater ecosystems and
biodiversity [20].

Against the backdrop of growing concerns around the impact of pesticide use on
human health and the environment, many sectoral policies address the current status of
agriculture and biodiversity in Europe, encourage a systemic approach to the sustainability
of the agriculture and food sector, and outline the primary objectives centred on sustainabil-
ity. By 2030, the Green Deal, Farm-to-Fork, and biodiversity programs hope to reduce the
loss of nutrients from both mineral and organic fertilizers by at least 50%, while ensuring
that soil fertility does not deteriorate in the process. This ambitious target, along with other
EU objectives, such as reaching 25% organic agriculture, is expected to result in a reduction
in pesticide use. The use of organic farming is generally minimal or non-existent [21].
However, many aspects are likely to be contentious, given the dispute over the produc-
tion impacts of all new regulations. A macrolevel assessment based on the Green Deal
objectives (that is, 50% reduction in overall pesticide use and risks, 50% reduction in more
hazardous pesticides, 20% reduction in fertiliser use, 10% of agricultural land under organic
production), concluded that the Farm-to-Fork and biodiversity strategies will result in a
‘decrease of the volumes produced per crop in the entire EU on average ranging from 10 to
20%’ and prices for some crops (for example, wine, olives and hops) will increase. As a
result, exports of EU crops will fall, while imports will increase (the volume of imports of
products can double) [22].

Throughout the EU, agri-food systems differ significantly and their progress in terms
of sustainable development is strongly influenced by these differences. According to [23],
pesticide sales between 2011 and 2020 emphasise substantial regional differences in both
the absolute amount of pesticides used (per hectare of agricultural land) and in total sales.
Sales have increased on the markets of certain member states (for example, Latvia, Austria,
Germany, France, and Hungary) and fell in others (for example, Czech Republic, Portugal,
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Denmark, Romania, Belgium, Ireland, Italy, Sweden, Slovenia, Netherlands, and Cyprus).
The difficulty of setting national targets in CAP national strategic plans (in this case, for
the use of pesticides) is increased because there are differences in both national evolutions
and absolute quantities of pesticides (per hectare of agricultural land and overall). This
applies to all quantitative targets of the Green Deal currently specified at the EU level [24].
Although member states are required to adopt legally binding targets for the achievement
of the overall EU targets, in regard to determining national targets, members have the
flexibility to take into account their own national circumstances, including their level of
pesticide use and their historical level of progress.

This article aims to serve as a starting point to reveal the socio-economic and political
factors that reinforce pesticide dependence in the European Union and determine the slow
pace in the transition to more sustainable agricultural practices. The analysis is narrowed to
pesticide consumption since pesticides are the most widely used tool in intensive agriculture
and because the European Green Deal includes more stringent reduction targets. The paper
has two main objectives: (1) to identify pesticide consumption determinants in the European
Union (EU) by running an empirical model based on panel data for EU27 between 2001
and 2019; and (2) to emphasize the existence of some regional patterns across EU countries
and classify the EU27 member states into broad categories according to the factors that had
been shown to significantly affect pesticide consumption. By achieving these objectives,
cluster characteristics can be developed into recommendations to combat the persistent
overuse and reliance on chemical pesticides at regional levels.

Our findings may contribute to the EU’s capacity to generate policy change at the
member state level and may be useful to a wider audience interested in the restraints
national states face in adapting their policies to meet the Grean Deal objectives. This paper
contributes to the body of knowledge in three ways. First, it provides a comprehensive
analysis of the multiple factors that contribute to pesticide use in agriculture, in contrast to
the majority of existing studies that discuss pesticide consumption from either micro or
macro-economic perspectives. Second, the article looks at the EU market and provides, for
the first time, a cluster analysis applied to the determinants of pesticide use in agriculture.
Lastly, the original elements of the paper reside in the complementarity between regres-
sion and cluster analysis, with the purpose of determining common regional patterns for
member states. The article is structured as follows: Section 2 presents a literature review on
frequent determinants of pesticide consumption; Section 3 is dedicated to the methodologi-
cal framework; Section 4 presents the findings of the regressions and the cluster analysis;
and the last section brings together final observations and conclusions.

2. Review of the Scientific Literature

2.1. Determinants of the Use of Pesticides in Agriculture

The section presents a review of the literature on the impact of various economic and
social factors on the widespread use of pesticides in agricultural production and provides
the scientific basis for the regression analysis.

Given the multifaceted and transdisciplinary nature of pesticide dependence, it is
impossible to identify a rigorous review of generally accepted and standardized variables.
Although a wide range of studies have sought social, economic, and political explanations,
most of these studies have focused on a small number of factors or have approached
the topic from a microlevel perspective and emphasize the role of farmer decision mak-
ing [25–29]. To our knowledge, no analysis has been performed at the EU level on the
determinants of pesticide use in agriculture. Most studies have addressed the environmen-
tal and health impact of pesticide use or have performed a comparative analysis of National
Action Plans of member states [30–32]. One general observation from the literature reviews
is that, while some research investigates the factors of pesticides and fertilizers together,
others study them individually. The widespread use of pesticides among intensive agricul-
tural tools and the larger reduction target outlined in the European Green Deal regulations
required a focus on analysing the determinants of pesticide consumption. Depending on
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data collection possibilities, we tested the impact of several factors on the use of pesticides
in European agricultural practices at country level, continuing with a cluster analysis to
highlight possible geographical patterns of these determinants.

As described in the Introduction, the use of pesticides reduces crop losses and con-
tributes to an increase in overall crop yield [33,34]. The primary factors that have caused
an increase in agricultural productivity have deep roots and do not all operate in the same
way under comparable conditions.

In the literature, the most cited determinant for the widespread use of pesticides is
the growing demand for food from the growing population at the global level, which puts
greater pressure on increasing crop yields and using resources more efficiently [35]. At
the European level, between 1960 and 2020, the population has decreased overall, while
net migration to Europe increased during the same period [36]. At the same time, trade
liberalization offers opportunities for European farmers to supply foreign markets [37],
especially from Eastern Europe [38,39]. To some, this reduces the relevance of the link
between the population of a country and the pressure to use various methods that improve
productivity. With these constraints, we will test the impact of the population on the use of
pesticides in the same country.

Demand and production for food, in general, and for healthy food, more specifically,
varies between countries, depending on the country’s wealth. Economic development
determines an inverse U-shaped evolution of the curve that describes the use of pesticides.
The least developed countries have a small consumption of chemicals in agriculture because
the prices of these inputs are prohibitive; developed countries are heavy users of pesticides,
while the most developed countries use them more efficiently to increase production [40,41].
Ref. [42] observed an increase in the use of pesticides in the least developed countries as
their trade connectivity with developed countries improves, resulting in increased imports
of pesticides and increased exports of agricultural products. Ref. [43] found an increase in
the market for organic products in rich countries in western Europe as they have a higher
demand for healthy food. Using GDP per capita as the independent variable, our aim is to
determine whether there is a causal relationship between economic growth and pesticide
use based on the references mentioned above.

From a supply perspective, the available workforce in agriculture was reduced by the
urbanization process [44] (later in the case of Eastern European countries), imposing the
need for higher labour productivity. The issue of labour scarcity in agriculture has been
partly diminished since 1990 by the migration of low-wage labour to rural areas either from
the same country or to less developed countries [45] as well as technological progresses that
have improved productivity through mechanization [11]. Ref. [46] underlined a stronger
effect of mechanization when labour is scarce or expensive, while pesticides are used more
intensively when land is expensive. On many occasions, chemical inputs were the solution
to increasing productivity in order to face increasing labour costs [38], higher land prices,
and growing competition [47–49].

Another set of complementary factors with potential impact on pesticide use are
land fragmentation and farm size. When land is fragmented, it becomes more difficult to
use farming equipment efficiently, which decreases productivity and increases costs [50].
The results of a survey of Chinese farmers point out that the use of pesticides does not
necessarily depend on farm size but rather on certain psychological aspects: in order
to preserve the soil, farmers use them less frequently when they believe the land to be
clean, but more frequently when they believe their chances of remaining in agriculture
are limited [51]. At the same time, recent research emphasizes the possibility of increased
crop yields when using traditional farming methods. For example, crop rotation favours
organic farming [52] and the participation of household labour in small farms improves
farm efficiency [52]. Therefore, smaller traditional farms are more suitable for organic
farming, while economies of scale can be obtained when farms are larger. Once the land
is introduced into the organic farming circuit, producers cannot maintain certifications
as organic farmers unless they change the type or amount of pesticides they use; this
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production system should maintain profitability over the long term [53]. The transition
to organic farming imposes certain costs and changes in farm structure [54] that are not
justified in the short term. In our analysis, we use the total organic agricultural area as
a factor that is expected to negatively impact the use of pesticides. Many farms indicate
a high level of farm fragmentation, so we initially tested the impact of the number of
producers in agriculture (as a proxy for farm size) on the use of pesticides, but it turned out
to be insignificant, as we eliminated the indicator from the final regression.

Regarding the drivers behind the transition to organic farming, it can be found that
this depends on the possibility of making a profit coming from two main directions:
higher selling prices and support payments for organic farming [55]. Normally, when
product prices grow on the market, we would expect organic crop production to grow
because, although the total costs in this segment are higher, farmers would have increased
opportunities to make profit. However, more farmers are stimulated to meet market
opportunities when they appear [56], and they continue producing even more inorganic
products, which means a higher total pesticide usage. Other authors found that low-income
farmers use more inorganic fertilizers, even in unnecessary amounts [57,58], while [59]
identified a negative impact of farmer income on the efficiency of pesticide use. In our
analysis, we test the impact of sales prices and real income on the consumption of pesticides.

Subsidies represent a solution for farmers to either: (1) invest in new technologies [60]
that boost productivity as an alternative to the use of more chemicals or (2) sell organic
farm products at competitive prices regardless of the technologies used [61,62]. However,
the impact of subsidies on the consumption of pesticides should be interpreted according to
the conditions applied by the states that offered subsidies in a given period of time. In the
1990s, eastern European countries withdrew many subsidies previously given to farmers to
buy chemicals to improve agricultural productivity [63]. The policy’s withdrawal in 2013,
when the European Union introduced green payments (focusing on measures such as crop
diversification) in the Common Agriculture Policy, led to a substantial decrease in yield [64].
Different types of pesticide subsidies have been applied in several European countries,
including lower VAT rates (e.g., Austria, Belgium, Bulgaria, Croatia, France, Ireland, Italy,
Poland, Portugal, Romania and Spain) [65]. However, some authors believe that that
improved market access for organic products have greater overall effects than subsidies in
reducing chemical use [66]. In other cases, the total value of available subsidies is not very
relevant if the conditions imposed on farmers who access them are very restrictive or the
contract terms are not flexible enough [67]. Taking these limits into account, in the current
article, subsidies on agricultural products are expected to have a significant influence on
pesticide consumption.

Specific social characteristics also determine the choice of certain types of farming
method. For example, older, more experienced, and more educated farmers would be more
prone to take the hard way and implement traditional methods [68]. The general education
level of the population positively influences the demand for healthy food and therefore
negatively influences the use of pesticides [66].

The main determinants of pesticide application identified in the literature were sum-
marized in Table 1.

The intricacy of multiple problems that must be addressed simultaneously, as well
as the link between different strategies, highlight the necessity for research that examines
pesticide use in the context of the agricultural system and on a regional scale. Multicriteria
evaluation and decision support systems, in conjunction with pest monitoring programmes,
can aid in the development of region-specific and long-term policies that are coordinated
within an EU framework.

2.2. Cluster Analysis of Pesticide Consumption in Agriculture

A cluster analysis of agricultural systems provides categorization (and grouping) of
countries, which can then serve as the basis for policymakers interested in establishing
targets that clusters can strive to attain within certain time periods. This is of utmost impor-
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tance since, on some occasions, management practices are not standardized, knowledge-
sharing and learning from best practices are not well established, and systems frequently
operate unaware and unconcerned about the performance of others around them.

Table 1. Selection of Primary Determinants in Pesticide Application.

Determinants Implications
Correlation with

Pesticide Use

Population increase (c) Food demand growth (a) [69] Positive

Economic development (a)

low Prohibitive pesticides costs (a) [40,41] Positive

high Food demand growth = heavy users
(a) [40,41] Positive

very
high

Focus on efficiency and growing
demand for healthy food (a) [40,41] Negative

Scarce or expensive workforce (c) [46]
Need to increase productivity (a) Positive

Expensive land and growing competition (a) [47–49]

Organic agricultural area Specific certifications for organic
products (a) [53] Negative

Sales prices of crop products increase (a) [56] Market for inorganic products
becomes more profitable (a) Positive

Real income increase (a) [57–59] Pressure to improve input efficiency
decreases (a) Positive

Subsidies increase (a) [60,64]

Buy chemicals to improve agriculture
productivity or

Possibilities to invest in sustainable
farming methods (a)

Ambiguous

Farmer age and education increase (b) [68] Implementation of traditional
farming methods (a) Negative

Consumers’ education increase (b) [66] Demand for healthy food (a) Negative

(a) economic factors, (b) social factors, (c) socio-demographic factors. Source: authors’ computation based on
literature review.

Cluster analysis have been used to identify patterns of energy and land use in agri-
culture [70], heavy metal sources in soils [71], and farmer search behaviour of various
types of information, including pesticide use [72]. To our knowledge, cluster analysis
has not been applied to the determinants of pesticide use in agriculture grouped at the
geographical level.

3. Data and Methodology

3.1. Methods

Given the ambitious goal of the European Union to reduce the use of chemical pesti-
cides by 50% by 2030, the primary objective of this paper is to understand the influence
of a set of economic and social variables on their use in the EU by conducting several
regression analyses. We have considered the evolution of pesticide consumption between
2000–2019, and estimations were performed on panel data extracted from international
databases [73,74] for all 27 member states (excluding the United Kingdom). The time frame
is long enough to draw meaningful conclusions that are helpful in understanding the
perspectives of the European Union in the field of agriculture.

Estimates were made using seemingly unrelated regressions, a method that takes into
account heteroskedasticity and correlations between errors. The empirical study initially
focuses on the influence of GDP per capita and selling prices of crop production on the use
of pesticides. Given the complexity of the topic and the variety of factors that influence
the use of pesticides, we have expanded our model with other variables referring to the
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governmental support granted to agriculture and (subsidies on agricultural crops) and a
social-demographic variable (population in each member state) (Equation (2)). Further-
more, given the EU’s ambitious goal of improving the health of its citizens, we subsequently
included an independent variable related to the organic crop area in Equation (3). Lastly,
the FAO-calculated index of real income factors in agriculture was added as an explanatory
variable to account for the impact of factor productivity on pesticide use [75]. Initially, we
have estimated the regression by including independent variables: employment in agri-
culture (1000 persons), labour force participation rate in rural areas (% of total population
ages 15+), number of producers in agriculture, export value index for agricultural products
(2014–2016 = 100) and number of people who completed tertiary education. However, these
variables had no significant impact in the regression and were not preserved in the estima-
tions presented below, representing one of the limits of the research. With the purpose of
examining the determinants of the use of chemical pesticides in the EU (27) between 2000
and 2019, we have estimated an empirical model based on panel data, gradually extending
the equations with explanatory variables, specifically related to the agricultural sector or
aiming at the macroeconomic and social framework, as follows:

Pesticidesi,t = a + β1(GDP per capitai,t) + β2(Selling pricesi,t) + ui,t (1)

Pesticidesi,t = a + β1(GDP per capitai,t) + β2(Selling pricesi,t) + β3(Subsidiesi,t) + β4(Populationi,t) + ui,t (2)

Pesticidesi,t = a + β1(GDP per capitai,t)
+β2(Selling pricesi,t) + β3(Subsidiesi,t) + β4(Populationi,t) + β5(Organici,t) + ui,t

(3)

Pesticidesi,t = a + β1(GDP per capitai,t)
+β2(Selling pricesi,t) + β3(Subsidiesi,t) + β4(Populationi,t)
+β5(Organici,t) + β6(Real incomei,t) + ui,t

(4)

where a = constant, ui,t = error term; t = 1, . . . , T (years); i = 1, . . . , N (countries)
The variables, definitions, sources, and the expected influence are presented in Table 2.

Table 2. Variables, definitions, and sources used in the first empirical model.

Variable Definition Source

Pesticides Pesticide use per area of cropland (kilograms per hectare) Our World in Data

GDP per capita Real GDP per capita (chain-linked volumes 2010, euro per capita) Eurostat

Selling prices Sales prices of crop products (absolute prices, euro per 100 kg) Eurostat

Subsidies Subsidies on agricultural products (million euro) Eurostat

Population Population (total number) Eurostat

Organic agricultural area Hectares of organic crop area fully converted and under conversion
to organic farming) Eurostat

Real income Index of the real income of factors in agriculture per annual work
unit (2010 = 100) Eurostat

Source: Authorial computation.

Panel data for all variables were tested for stationarity by using the Levin, Lin & Chu
unit root test [76]. By applying this test, we have started from the hypothesis that the
data have a unit root and are not stationary. Initially, we tested for stationarity using an
individual intercept and trend, then with an individual intercept or no regressors. If the
data did not show stationarity at level, we have checked for the first difference. The data
were tested at level, initially including the trend and intercept in the equations. If using
this variant revealed that the panel data have a unit root, we resorted to including only
intercept or no regressor in the equation. Given the results obtained by applying the root
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tests (Prob. < 5%), we concluded that the data is stationary at level for all variables, except
for the organic agricultural area (Table 3).

Table 3. Stationarity test.

Panel Unit Root Test-Levin, Lin & Chu [76]

Variable Type of Test t-Statistic Prob. Cross-Sections Obs.

Pesticides’ use level, individual intercept and trend −5.24169 0.0000 26 494

GDP per capita level, individual intercept and trend −1.75557 0.0396 27 484

Selling prices level, individual intercept and trend −10.3856 0.0000 25 426

Subsidies level, individual intercept and trend −3.34717 0.0004 26 378

Population level, individual intercept and trend −5.43467 0.0000 27 486

Organic agricultural area

level, individual intercept and trend −0.00809 0.4968 27 427

level, individual intercept 1.49809 0.9329 27 427

level, none 1.49809 0.9329 27 427

1st difference, individual intercept and trend −7.28873 0.0000 27 400

Real income level, individual intercept and trend −4.1117 0.0000 27 455

Source: Authorial computation.

3.2. Cluster Analysis

A cluster analysis was carried out based on the most relevant factors in the use of
inorganic pesticides that had a significant influence in the regressions (p-value less than
10%). The analysed variables were the following: GDP per capita, population, sales prices,
subsidies, organic agricultural area, index of real income of factors in agriculture, all having
equal weight in the cluster formation. Cluster analysis is applied at a one-year level. The
most recent year for which statistics were available was chosen (2019 in most cases, except
France, where the last available data for selling prices are from 2016). Cyprus and Malta
were excluded from the cluster analysis due to the lack of data on sale prices.

Since the variables were different sizes and to prevent large-scale variables from
dominating the cluster formation, the data have first been normalized to have a mean of 0
and a variation of 1. We have used SAS software and applied the Ward minimum variance
method, which groups observations based on the minimum distance between them (the
distance being the ANOVA sum of squares). Clusters are grouped in subsequent stages at
each level of the hierarchy until we obtain the optimum number of clusters, which have the
maximum distance between them [77].

4. Results and Discussion

4.1. Regression Analysis

Table 4 illustrates the statistical description of the variables included in the empiri-
cal model. At first glance, the differences between the minimum and maximum values
emphasize the heterogeneous evolution among the member states in the field of macroeco-
nomic, social, and agricultural related variables. The average amount of pesticides used
per hectare in the European Union was 3.1 kg, with significant differences between member
states. For example, countries such as the Netherlands and Belgium had a consumption
of pesticides greater than 12 kg per hectare, while the Baltic States and Bulgaria recorded
values under half kilogram per hectare. In the field of economic development, the GDP per
capita suggests a heterogeneous evolution among member states, with an average income
of 24,279 euros for the time interval 2000–2019. In terms of agricultural sector performance,
the average selling prices for agricultural products were 15 euros per 100 kg, with Italy and
France recording the highest performances. Referring to the amount of subsidies granted to
agriculture, the average value recorded between 2000 and 2019 was 331 million euros, with
significant differences between member states. The highest amounts were given to France
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(5121 million euros) and Germany (3335 million euros), while the countries that benefited
the least from the subsidies were Slovakia, Denmark, and Ireland. For the entire period, the
average surface aimed at organic agriculture was 337,059 hectares per member state, while
in the field of real income in agriculture, the mean value of the index was 102.48 euros.

Table 4. Statistical description of the variables in the empirical model.

Variable/
Indicator

Mean Median Max. Min. Std. Dev. Obs.

Pesticides 3.153327 2.260000 12.06000 0.240000 2.720559 520

GDP per capita 24,279.59 20,245.00 88,120.00 2990.000 16,500.82 538

Selling prices 15.05340 14.97000 33.07000 7.940000 3.881449 476

Subsidies 331.1159 34.52000 5121.500 0.010000 816.3447 439

Population 16,239,962 8,343,323 83,019,213 388,759.0 21,354,486 540

Organic agricultural area 337,059.8 167,538.0 2,354,916 1.000000 440,774.1 482

Real income 102.4768 100.0000 250.3800 33.60000 29.49577 509

Source: Authorial computation.

Given the estimated values of the coefficients presented in Table 5, the equations are
as follows:

Pesticidesi,t = −5.6136 + 0.2252(GDP per capitai,t)
+0.5727(Selling pricesi,t) + ui,t

(5)

Pesticidesi,t = −8.9782 + 0.5787(GDP per capitai,t)
+0.1098(Selling pricesi,t)− 0.0024(Subsidiesi,t) + 0.2312(Populationi,t) + ui,t

(6)

Pesticidesi,t = −9.4161 + 0.5466(GDP per capitai,t)
+0.2299(Selling pricesi,t) − 0.01224(Subsidiesi,t) + 0.4083(Populationi,t)
−0.1948(Organici,t) + ui,t

(7)

Pesticidesi,t = −10.8320 + 0.5097(GDP per capitai,t)
+0.0829(Selling pricesi,t)− 0.0067(Subsidiesi,t) + 0.4327(Populationi,t)
−0.1902(Organici,t) + 0.3710(Real incomei,t) + ui,t

(8)

Table 5 and the estimation presented above illustrate the results of the empirical
analysis aimed at identifying pesticide determinants of use in the European Union. Pesticide
use was mainly influenced by the economic performance of the member states, particularly
the level of GDP per capita. Consequently, an increase of one euro of GDP per capita
will determine a rise of 0.5 kg of pesticide use per hectare, according to Equation (4). The
increase in GDP per capita had a positive and strong influence on the use of pesticides
in the European Union, confirming that many developed countries are still heavy users
of pesticides. Our results are in line with [78], which also showed a positive connection
between pesticide consumption, population and GDP per capita for several countries,
including Europe, between 1990 and 2014. We cannot firmly contradict [40,41] which
showed an inverted U-shaped evolution of pesticides along with GDP growth because
we only checked a linear relationship applying a regression model for the entire time
frame. Looking at the primary data that we used in the sample, one can find that several
countries have reduced pesticide consumption over recent years (from 2017, 2018, or 2019)
after increasing it between 2010 and 2016: Austria, Belgium, Bulgaria, Czech Republic,
France, Germany, Italy, Netherlands, Poland, Portugal, and Sweden. Other countries have
continued to use more pesticides until 2019: Croatia, Estonia, Latvia, Romania, Slovakia,
and Spain. Although GDP per capita has continuously grown in the mentioned countries
from 2010 to 2019, we can only associate a decrease in pesticide use with a higher GDP per
capita for two or three years. This trend should be followed for a few more years to be able
to draw more pertinent conclusions.
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Table 5. Regression output.

Dependent Variable: Annual Pesticides’ Use (2001–2019)

Method: Generalized Least Squares-Seemingly Unrelated Regression

Equation 1 2 3 4

No. Obs./
Variable

474 408 375 361

C
−5.6136 *
(0.3812)

(−14.7237)

−8.9782 *
(0.5365)

(−16.7321)

−9.4161 *
(0.5459)

(−17.248)

−10.8320 *
(0.5862)

(−18.477)

GDP per capita
0.2252 *
(0.2148)
(1.0485)

0.5787 *
(0.0409)

(14.1375)

0.5466 *
(0.0495)

(11.0409)

0.5097 *
(0.0463)

(10.9983)

Selling prices
0.5727 *
(0.0377)

(15.1749)

0.1098 *
(0.0303)
(3.6202)

0.2299 *
(0.0412)
(5.5710)

0.0829 ***
(0.0441)
(1.8799)

Subsidies
−0.0024
(0.0049)

(−0.4892)

−0.0122 **
(0.0054)

(−2.2562)

−0.0067
(0.0055)

(−1.2197)

Population
0.2312 *
(0.0227)

(10.1592)

0.4083 *
(0.0306)

(13.3363)

0.4327 *
(0.0306)

(14.1349)

Organic agricultural area
−0.1948 *
(0.0232)

(−8.3907)

−0.1902 *
(0.0242)

(−7.8432)

Real income
0.3710 *
(0.0507)
(7.3132)

Prob (F-statistic) 0.0000 0.0000 0.0000 0.0000

R2 0.3441 0.3316 0.4005 0.4508

Adjusted R2 0.3413 0.3250 0.3924 0.4415

Durbin–Watson stat 1.9784 1.9254 1.8424 1.7928

Note: robust standard errors and t-statistics are in parentheses. *—p-value < 1%, **—p-value < 5%, ***—p-value <
10%. Source: Authorial computation.

The analysis shows that farmers tend to use more chemical pesticides as the pop-
ulation of EU member states increases, indicating a potential increase in food demand.
The population growth of one unit generates a 0.43 kg per hectare increase in pesticides
(Equation (4)). This finding confirms the relationship between the increase in demand and
the response to improve productivity (in line with [69]). Consequently, European farmers
still place a priority on producing a large amount of food, while the production of healthy,
high-quality food (including few or no pesticides) is less attractive. The increase in demand
(expressed as a higher quantity) is still a more interesting opportunity compared to the
advantages of organic agricultural production. The profits obtained from organic farming
may not yet be enough to determine the specialization in this area. For example, ref. [79]
found a similar profit per surface of cultivated land for conventional and organic farming
in certain regions in Germany.

Another factor that had a high influence on the dependent variable was real income,
which determined an increase in pesticide use of 0.37 kg per hectare (Equation (4)). More-
over, having a high statistical significance in Equation (1), the resulting coefficients suggest
that an increase with 1 euro of selling prices per 100 kg determines a rise in the quantity
of pesticide per hectare of 0.57 kg. Therefore, when profits are higher, producers prefer
to retain them rather than invest in the switch to organic farming, confirming that the
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behaviour observed by [56], as presented in the literature review, continues to manifest in
the same way. When income increases, the preoccupation with efficiency diminishes and
more pesticides are wasted, similar to what [59] found in Chinese agricultural practices.

Although not statistically significant in the second and fourth equations, subsidies
granted to agricultural products tend to negatively influence the consumption of pesticides.
Their growth in one unit leads to a decrease in pesticide consumption of 0.0067 kg per
hectare. This result is probably due to the orientation of these funds toward organic farming.
This is an interesting finding because it confirms the fact that if a certain conditionality is
imposed on accessing subsidies, such as following sustainable farming methods, it would
motivate farmers to embrace them and still have sufficient profit. Ref. [80] also identified
direct subsidies to be effective in determining a switch to organic farming practice, but
that it also caused a price decrease for both organic and conventional farming output. The
decrease in the output price for organic products makes them more available to consumers,
but when prices for conventional farming products are also lower, the profits for this
specialization also decrease. This is when subsidies directed to organic farming compensate
for the profit loss. Ref. [55] pointed out that both increased prices and subsidies for organic
farming are effective methods to increase profits and encourage farmers use sustainable
production methods.

The results also suggest that the increase in the area intended for organic agriculture
tends to negatively influence the consumption of chemical pesticides, as the independent
variable is significant in the estimations. More specifically, the expansion with one hectare of
organic farming creates a decrease in pesticide use of 0.19 kg per hectare (Equation (4)). This
relationship is obvious because organic farming means using fewer synthetic pesticides [81].
The question that needs to be further explored is whether an increase in the surfaces
dedicated to organic agriculture determines a progressively higher reduction of chemical
pesticide use as more farmers learn from the experience and as certain economies of scale
or scope can be obtained. However, such an analysis can only be performed when and
where sustainable agriculture is more widely spread.

The values of the coefficient of determination (R2) imply that the model explains the
variation of the dependent variable in a percentage that spans from 34% (Equation (1))
to 45% (Equation (4)). To check the validity of the model, we tested the classical linear
regression assumptions. The general form of the multiple linear regression is as follows:

Yi,t = a + βXi,t + ui,t

where Yi = dependent variable; Xi,t = independent variable; ui,t = error term t = 1, . . . , T
(time); i = 1, . . . , N (cross-sections).

First, we have verified whether there is serial independence, which assumes that
the errors are distributed independently. To test the first-order correlation, we used the
Durbin–Watson test. The value of around 2 confirms that there is no first-order correlation
between errors, so we consider that the empirical model is valid. Subsequently, we have
tested the validity of the model by looking at another assumption of the linear regression
model, the multicollinearity, which implies that the explanatory variables are not correlated.
To identify multicollinearity, we used the VIF test (variance inflation factors). As described
in Table 6, the results of the centred VIF are around 1 for all variables. Consequently,
we have concluded that there is not a highly collinear relationship between explanatory
variables that could bias the estimates. We have also tested another assumption of the linear
regression model—the homoscedasticity—which assumes that all error terms have the
same variance, respectively var(εi,t) = σ2 = constant for all t [73]. The histogram confirms
that the residuals have a normal distribution, with a probability value above 5%. Finally, we
have tested whether the explanatory variables are representative. The redundant variable
test illustrates that the variable related to the population is significant, as we have rejected
the null hypothesis. Moreover, we were also interested in determining if another variable
initially taken into consideration for the estimation was omitted in the model. By accepting
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the null hypothesis (Prob. > 5%), we concluded that agriculture (% of GDP) would not be
significant (Table 7).

Table 6. Variance Inflation Factors.

Variance Inflation Factors

Variable Centred VIF

GDP per capita 1.1476

Selling prices 1.1878

Subsidies 1.2151

Population 1.9623

Organic agricultural area 1.7374

Real income 1.2083
Source: Authorial computation.

Table 7. Coefficient diagnosis.

Test
Null

Hypothesis
Result Decision

Redundant
variable test

Population is
not significant

Value Df Probability
Reject the null

hypothesist-statistic 11.3756 354 0.0000

F-statistic 129.4044 (1, 354) 0.0000

Omitted
variable test

Agriculture (%
of GDP) is not

significant

Value Df Probability
Accept the null

hypothesist-statistic 1.6448 353 0.1010

F-statistic 2.7043 (1, 353) 0.1010

Source: Authorial computation.

4.2. Cluster Analysis

The next step involved clustering the European countries based on the factors of
pesticide consumption that we found in the regression models. The goal was to identify
similar arrangements of these drivers so that comparable pesticide mitigation strategies
could be developed. Based on the Ward method’s application of the following criteria, we
have obtained three clusters, as shown in Table 8. Pseudo F statistic (14.6) and cubic cluster
criterion (0.28) were high showing a high separation between clusters, while pseudo T-
squared was low (5.4) indicating that the variance between clusters relative to the variance
within clusters is low. Figure 1 illustrates the cluster formation stages. The red line marks
the stage in which the three clusters were obtained.

Table 8. The groups obtained in the cluster analysis.

Cluster Number Countries within Each Cluster

1 Italy, Spain, France, Germany

2 Poland, Lithuania, Greece, Portugal, Slovenia, Estonia, Romania,
Croatia, Latvia, Czech Republic, Hungary, Slovakia, Bulgaria

3 Ireland, Luxembourg, Finland, Denmark, Netherlands, Belgium,
Sweden, Austria

Source: Authorial computation.
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Figure 1. Hierarchical clustering tree. Source: Authorial computation.

Based on the average values that the variables take in each country (Table 9), we
further comment on the main characteristics and propose a set of recommendations in
each case.

Table 9. Average values of variables in each cluster.

Cluster no. GDP per Capita Population Selling Prices Subsidies Real Income Organic Crop Area

1 30,427.50 64,237,645.50 18.85 253.20 125.62 1,969,944.25

2 14,486.92 9,496,740.62 16.58 94.26 151.16 291,458.85

3 48,998.75 8,083,597.00 15.38 3.79 104.87 265,543.88

Source: Authorial computation.

The first cluster is the most homogeneous (semi-partial R-squared is 0.0506) and
contains three of the founding member states (Italy, Germany, and France) together with
Spain, which joined the EU in 1986. These are the countries with the largest population in
our sample (64 million people on average) and the largest organic crop area (1.97 million
hectares on average), which is not surprising given the large territory of these countries.
The total subsidies for agriculture are the highest in this cluster (an average of 253.2 million
euros), especially in the case of France (306.16 million euros) and Spain (301.93 million
euros), although this does not translate into lower selling prices for agricultural products.
Compared to other clusters, this one exhibits the largest average value for selling prices
(18.85 euros per 100 kg). However, since subsidies are expressed in absolute terms and
are not related to either the quantity of products or the cultivated surface, we cannot
establish a clear connection between subsidies and sales prices. The average GDP per
capita (30,427.50 euros) and the average real income of the factors in agriculture are at
middle levels among the three clusters, indicating good possibilities to develop organic
agriculture, but also putting the producers in a more comfortable situation, which brings
little motivation to switch to sustainable agriculture.

Most of the newest EU members (Poland, Lithuania, Slovenia, Estonia, Latvia, Czech
Republic, Hungary, Slovakia, Romania, Bulgaria, and Croatia) and two South European
countries (Greece and Portugal) are included in the second cluster, which has the highest
disparities, as suggested by the highest semipartial R-squared in the dendrogram (0.05060).
This cluster has the smallest average GDP per capita (14,486.92 euros). Their population
(9.5 million people on average) and organic crop farming area (291,459 hectares on average)
are between the other clusters, but closer to the average figures in the third cluster. The level
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of subsidies is larger than in the third cluster (94.26 million euros on average). The average
of the index of real income of factors in agriculture per annual work unit is the highest
for this cluster, showing that farmers obtain high productivity and good development
possibilities in agriculture. Although these countries lag in terms of economic development,
which could indicate a lower demand for organic food, they could serve other developed
markets through the single market as well.

The third group consists of Northern and Western European countries and, among
the three clusters, it occupies a middle position in terms of homogeneity (semipartial
R-squared equals 0.06094). Its members (Ireland, Luxembourg, Finland, Denmark, Nether-
lands, Belgium, Sweden, Austria) are characterized by having the highest GDP per capita
(48,998.75 euros on average), a smaller population compared to the other clusters (8 million
people on average), the lowest level of subsidies for agriculture (3.79 million euros on
average), and the lowest real income in agriculture (an average index of 104.87). This
occurs against a backdrop of limited agricultural specialization, which is specific to de-
veloped countries with small surfaces, low population, or scarce population in general.
However, existing agricultural production, even if smaller, has the prerequisites to be
turned into organic agriculture, improving the quality of the products, and addressing
high income markets. Indeed, the average organic crop area (265,544 hectares) is close
to the one reported by the countries in the second cluster. Austria (671,703 hectares) and
Sweden (613,964 hectares) even have a higher organic crop area than any country in the
second cluster. The selling prices of farm products are the smallest in the case of this cluster
(an average value of 15.38 euros per 100 kg), and when combined with the small level
of subsidies for agriculture and small real income, they indicate a lower profitability of
agriculture currently. Although prices are low, an increase in direct subsidies might be
possible to counteract this disadvantage for producers.

5. Conclusions and Recommendations

This paper consists of an analysis built up in two main stages. The first carried out a set
of four seemingly unrelated regressions aimed at identifying the impact of various economic
and social determinants on the consumption of pesticides in EU member countries, and the
second retained the determinants with a significant impact to be used as factors in the cluster
analysis. It resulted in three main clusters that place the member countries on different
levels of similar conditions that determine the current level of pesticide consumption and
represent barriers or opportunities to switch to sustainable agricultural practices.

Our study revealed that wealthy countries use more pesticides in agriculture, but
on a downward trend over the previous two or three years, as wealthier consumers can
afford healthier food. GDP per capita had the greatest impact on pesticide use (a 0.50 coeffi-
cient in the fourth equation). A larger population determines the use of more pesticides
(coefficient: 0.43), establishing the link between food demand and productivity pressure.

From the supply perspective, results showed a positive and asymmetrical influence
of sale prices of agricultural products (p-value < 10%) and real income of agricultural
components (p-value less than 1%) on the inputs of pesticides. This emphasises the fact that
improved market opportunities, expressed through favourable prices, motivate farmers to
produce more, sell more and gain more profit.

As organic crop area grows, pesticide input decreases, showing that organic farming
experience encourages sustainable pest control. Although conventional agriculture is still
profitable, subsidies, especially those targeted at sustainable production techniques, are the
only economic leverage that can push farmers to investigate alternative pest management
methods and reduce synthetic pesticide use.

The cluster analysis resulted in three country clusters on which we can draw the
following conclusions and recommendations.

- Research and development and sharing expertise with other market participants might
improve the experience of having a large organic agricultural area for the nations
with the biggest population and GDP per capita (Italy, Spain, France, Germany).

194



Sustainability 2023, 15, 2070

This cluster’s subsidies are higher than others, but better targeting, complementary
regulatory circumstances, market access, etc. can increase their efficiency.

- The second cluster (Poland, Lithuania, Greece, Portugal, Slovenia, Estonia, Romania,
Croatia, Latvia, Czech Republic, Hungary, Slovakia, Bulgaria) has average pesticide
use determinants. Competitive prices and large agricultural surfaces could benefit
these countries. Subsidies can be increased while imposing their use in sustainable
farming procedures, and there is a great deal of work to be completed in terms of
regulations, market access for organic products not only on their own markets, but
also on other European markets where consumers have higher incomes to spare on
healthy food.

- Ireland, Luxembourg, Finland, Denmark, Netherlands, Belgium, Sweden, Austria, and
Luxembourg had the lowest agricultural production and subsidies in the third cluster.
More in-depth studies are needed to see for which type of crop, subsidies would not
represent a waste of resources given the more difficult environmental conditions.

Originality elements for this study derive from the complementary study of deter-
minants of pesticide consumption that considers the synergies between the agricultural,
macroeconomic, and social levels, and the analysis of regional differences reflected in the
cluster analysis. Consequently, our findings can contribute to the creation of targeted
national sustainable production policies and the design of practical measures by providing
specific quantitative information.

The analysis takes into consideration crop production as a whole without being able
to differentiate between organic and conventional farming. Such a distinction would have
been useful for variables such as sales prices, real income, and subsidies. In the case of some
explanatory variables (subsidies on agricultural products), data for some member states
were not available for the entire period of time. However, we were aware of this down side
at the beginning of this study and believed that the estimation would not be biased.

Given the impossibility of capturing the multitude of factors that influence pesticide
consumption, another limit of the study derives from the restrained set of parameters
included in the empirical models. Future research can address the study of other social,
economic and technical factors specific to the farm environment that affect the acceptance
of sustainable production methods, continuing a previous work on good practices for
lowering the use of pesticides and fertilizers [82].

Another important research direction would be to deepen the examination of the
conditions under which subsidies or other forms of public financial support would be
efficient in extending sustainable agriculture practices. Diversified farming systems that
combine conventional and sustainable agriculture production methods are perhaps worth
considering; this was also identified as a research direction in [83].

Eliminating pesticide use is difficult. Farmers have few pest and weed control choices
after years of relying on them. Many farmers, especially those who have invested in con-
ventional farms, cannot afford alternative pest treatment equipment and longer production
time. However, a rise in organic farms, knowledge of sustainability in modern agriculture,
and government-sponsored efforts are propelling the biopesticide business and pushing
more farmers to adopt sustainable agricultural production.
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Abstract: The agri-food and forestry sectors are in transition towards more sustainable, green, and
innovative systems tackling several challenges posed by globalization, governance, and consumers’
demands. This transition to novel processes, markets, and businesses requires skills and competences
to prepare the new generations and upskill the actual workforce. The purpose of this paper was to
assess the skills and knowledge needs of future professionals in the agri-food and forestry sectors,
from European stakeholders’ perspectives, by using a European questionnaire. Overall, respondents
highlighted the importance of improving sustainability and soft and digital skills. In particular,
food safety management and control; quality management and assurance of processes and product;
efficient use of resources and organization; and planning, visioning, and strategic thinking skills
ranked higher. In almost all countries, respondents had the perception that neither formal nor
non-formal training covered training needs, though formal training was more suited to address
education requirements. Both for organizations and individuals, it is far more relevant to have skills
to perform than to have training recognition. The outcomes also provide findings that can be used to
help develop updated curricula that meet the sector’s needs.

Keywords: skills survey; skills training; sustainability; bioeconomy; agri-food sector; forestry sector

1. Introduction

The European agri-food and forestry sectors are facing diverse challenges due to the
impacts of climate change, war, rising energy prices, and economic uncertainty along with
low incremental crop productivity [1–3]. Such vulnerabilities are stressed by an increasing
demand for food and feed, rising environmental concerns, and climatic changes that gener-
ate more uncertainties [4]. The Farm-to-Fork strategy [5], a key element of the European
Green Deal [6], aims to achieve an innovative and sustainable food system, targeting im-
provements in the whole food chain from production and processing to consumption and
food waste management. In the sectors of agriculture, forestry, and bioeconomy, focus is on
mitigating the effects of climate change to reduce the loss of biodiversity and shifting to a
neutral or even positive environmental impact [7]. Furthermore, the bioeconomy, boosted
by the European Green Deal, is now becoming a substantial element for development and
growth in Europe. The bioeconomy concept harnesses both the valorization of natural
resources and human manpower in a sustainable way [8]. The transition to long-term
sustainable farming and food systems entails complex processes that require a structured
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approach, including reshaping education methods [9]. Dedicated bioeconomy training
must be driven by these emerging needs to prepare the workforce with new skills. Besides
being widespread in everyday life, digital tools and smart technology have been rapidly
evolving in all processes across agri-food and forestry sectors, clearly shifting production
with automation processes, communication, and new business management to a new level
of complexity, innovation, and efficiency [10]. New products, greener processes, and com-
plex food chains and business models demand new skills and knowledge to successfully
thrive in a competitive sector [11]. Market globalization requires linking the various actors
of the value chain by making use of the new circular economy model and successfully
tackling many of the current challenges [12].

The evolution in different economic sectors and markets leads the search and discus-
sion to define adequate and matching skills [13]. In 2015–2016, the European Commission
launched a survey entitled “European Digital Skills Survey” to identify, among other top-
ics, the digital skills required by employers in the workplace [14]. Several studies and
reports have addressed the main skills and competences required to drive the agri-food
and forestry sectors towards a more sustainable path. In the farming sector, research
identified skills to engage professionals in more sustainable agriculture [11,15]. In the food
sector, the transition to the highly digital and technological processes of Food Industry
4.0 is happening, and insights about the skills and new professions needed were assessed
by academics and industry [10,16]. Surveys conducted in the forestry sector assessed if
knowledge and skills needed for contemporary forestry careers are being provided by
degree programs [17,18]. Paralleled in the labor market is the digitalization of the economy
as a major transformation of how people work, representing challenges and opportunities
in all production sectors. Complementary to the identification of skills gaps is the need
for further engagement between education institutions and industry to design and deliver
adequate training programs and to foster the development of these sectors [19,20].

The ERASMUS + “FIELDS” project (acronym for: addressing the current and future
skill needs for sustainability, digitalization, and the bioeconomy in agriculture: European
skills agenda and strategy) has been designed to identify the gaps and define the needs
of knowledge and skills for the agri-food and forestry sectors addressing these above-
mentioned emerging challenges. The FIELDS project aims to develop an integrated view
of a sectoral strategy at the European level by considering four main areas of skill trends:
sustainability, digitalization, bioeconomy, and soft skills and entrepreneurship. Within the
scope of the FIELDS project, it was critical to have a broader understanding focused on
stakeholders’ views on knowledge and competences needed in the future. The survey is
part of more comprehensive empirical research on skills needs including other activities
such as focus groups [21] and trends and scenario analyses [22].

As a first step, nine focus groups were undertaken in different European countries to
identify skills and training needs in the agri-food and forestry sectors. The outcomes of the
focus groups [21] were used to design an online survey as follow-up research.

This study describes the results of the online survey, implemented as a broader ex-
ploratory tool to collect information about skills and training needs, as well as business and
entrepreneurship trends, for the future of the agri-food and forestry sectors. The survey
aimed to engage stakeholders from different areas of operation and to gain information
on their understanding regarding skills needs and gaps in each sector. It also aimed to
provide insight into the range of perceived future skills and training needs. The information
provided by the survey may be used to help develop fit-for-purpose training courses for the
areas of sustainability, digitalization, and bioeconomy. A coordinated strategy is needed
to empower the workforce with new professional skills necessary to cope with emerging
challenges and technologies of the agri-food and forestry sectors.

Due to the exploratory nature of this survey, the results are described and discussed
in tandem and are herein organized by the following sections: the respondents’ demo-
graphic characterization and their working context; skills needed by addressed areas
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(sustainability, bioeconomy—sector-specific skills, digitalization, soft skills, and business–
entrepreneurship); perception of training availability by country; and business insights.

2. Materials and Methods

2.1. Description of Survey

Both current and future skills needs were first identified in previously performed
FIELDS focus group sessions [21]. In these focus groups, participants were asked to select
the 10 most important overall skills from skill lists that covered the topics of sustainability,
digitalization, bioeconomy, soft skills, and business–entrepreneurship skills [21]. The five
most-selected skills per category in this ranking exercise were included in the survey
questionnaire. The web-based survey was developed and designed in English using the
online SurveyMonkey® tool, which allowed the survey to be translated into nine different
languages: Dutch, English, Finnish, French, German, Greek, Italian, Portuguese, Slovenian,
and Spanish. It gave an overall introduction to the participants and allowed for both full
and partial completion of the questions with an opt-out break built into the survey before
the business trends section. In the introduction, participants were informed about the total
confidentiality of the information provided to only be used in an aggregate manner for the
purpose of identifying underlying trends and demands across European member states, in
full compliance with the General Data Protection Regulation (EU) 2016/679. The survey
comprised 10 sections with 31 questions (Appendix A) and was estimated to take no more
than 15 min to complete. The questions with more relevant insights were selected to be
analyzed and presented for discussion. Therefore, the survey sections were grouped as
follows:

(1) Demographic profiles of participants, with particular focus on the country of work,
gender, age, and organizational insights, including the working sectors and the size
of their organizations.

(2) Current skill needs in the categories of sustainability, digitalization, bioeconomy—
sector-specific (agriculture, forestry, and food industry), and soft and
business–entrepreneurship skills. Questions about future skills needs in a 5–10 year
range were also asked.

(3) Countries’ particular training needs and the importance of training recognition.
(4) Business insights, including questions about business trends and challenges, current

business models, and business strategy skills and tools. This final section was optional
to complete.

2.2. Dissemination Campaign

The aim was to have input from stakeholders working in the agri-food sector, includ-
ing the views of industry (workers, managers, cooperatives), academics, and policy entities.
The core platform for dissemination was via direct email contacts with industry stakehold-
ers through project partners’ email contacts, as well as through the project website and
social media (Facebook®, Twitter®, and LinkedIn®) and other accounts owned by project
partners, using the snowball sampling technique [23]. The survey was shared among all
31 FIELDS partner organizations across 12 participating countries and was also dissemi-
nated in partner organizations’ newsletters (ISEKI newsletter Dec 2020) and through other
Erasmus+ and EU project contacts. The slogan “have your say in the future skills needs
of the agri-food and forestry Sectors” was used to engage stakeholders. Dissemination
was also done via direct (partner) newsletters as well as through their webpages. Other
Erasmus+ and EU projects also disseminated the survey via their own platforms and social
media channels. Several direct contact email reminders were sent out via the project part-
ners and particular attention was given to countries where it was determined there were
insufficient responses captured. The survey was available online between 1 December 2020
and 22 January 2021.
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2.3. Data Analysis

The survey collected 517 answers; however, 123 were excluded because they only
provided data on demographic questions. As a result, the considered sample size had
394 participants. Answers were exported from the SurveyMonkey® website to an Excel file
for further analysis. The survey was set up with general and sector-specific questions and
participants could select which questions to answer. This option led to a varying number
of answers by question, which is specified in each presented figure or table. Before data
analysis, the survey sections were reorganized for better clarity in the results presentation,
and some less relevant sections are not discussed in this work. Graphical representation
in the results section clustered respondents who answered categories “Very important”
and “Absolutely essential” as “Very important,” and categories “Not important at all” and
“Of little importance” as “Of little importance,” combining high- and low-scale scores.
This data treatment was made for the sake of simplicity in the outcomes’ presentation.
The categories “Multiple sectors” and “Multiarea” grouped all respondents working in
more than one sector or area of activity. The category “Other” within sectors comprised
policy operators, educators, researchers, and service providers. In the area of operation, the
category “Other” included researchers, associations, public representatives, and service
providers. In the demographic profile analysis, the age categories were reduced from eight
to six (<20 years; 20–29; 30–39; 40–49; 50–59; over 60). The results of the open question about
skills needed in the future in 5 to 10 years were counted and we considered the number
of answers by category. Regarding training needs by country, data for analysis included
only countries with more than 15 answers. The section regarding business insights was
optional, with 91 participants who selected to continue the survey and complete this section.
The results from the open question “What do you see as the top three challenges facing
your business over the next 2–3 years?” were grouped under seven topics according to
the researchers’ assessment, namely: “sustainability & climate,” “bioeconomy & technical
issues,” “economic & investment & markets,” “digitalization,” “human resources,” “soft
skills,” and “training & specialization.” For this question, respondents (67) had the option
to identify three different challenges.

Descriptive analysis regarding skills’ importance was performed using cross-tabulations
to analyze frequencies and associations between skills and sectors of activity. For the ques-
tions related to sustainability, digitalization, soft skills, and business and entrepreneurship
skills, mean scores were calculated for the five-point Likert scale. The Kruskal–Wallis test,
a nonparametric approach, was used to compare groups, followed by Dunn’s post-hoc
test when statistical differences were found (Appendix B Table A1) [24]. Statistical sig-
nificance was tested at 0.05 probability level. Statistical tests were performed using IBM
SPSS®25 software.

3. Results and Discussion

The survey collected opinions and views of professionals and other stakeholders about
future skills needs in different sectors. A main goal was to reach a large audience among
sectors and countries, conveying a broader view of the path to follow in upcoming years.
The five surveyed and discussed skills in each category are the five most important skills
obtained from the focus groups study [21].

3.1. Demographics and Organizational Insights

The demographic profile of respondents participating in the survey is presented
in Table 1, totaling 394 responses. The survey gathered participants from 23 countries
within the European Union, and some from the European Economic Area (EEA) (Figure 1).
However, there were four countries (Spain, Italy, Ireland, and Austria) with higher inputs,
corresponding to 53% of total participants. The majority of respondents were between 40
and 60 years old and 59% were male; this gender difference was reflected in all sectors
except for the food industry, where more women contributed to the survey. The distribution
by sector of activity was quite uneven: half of respondents worked in the Agricultural sector,
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14% in the Food Industry, 10% worked in Multiple sectors (more than one considered sector
of activity), and 16% in Other sectors (such as operators, educators, researchers, or service
providers). The Bio-Based industries and the Forestry sectors were the least represented;
the small sample size counted only 3% and 5% of the total responses. By area of operation,
education providers and advisors were half of the respondents while the other half was
distributed as farmers (10%), cooperatives (8.4%), agri-food companies (7.4%), and foresters-
forest industries (1.5%). “Other” for area of operation included several professional areas,
such as social partners, regulators, policy makers, trade associations, other industry sectors,
researchers, and technicians. An overview of the size of organizations shows a fair balance
between all categories included in the questionnaire, although most of the answers can be
included in the range of small and medium enterprises. A large share of the respondents did
not include information on organization size. The majority of respondents who answered
represented micro-enterprises and SMEs while only 10% of participants were from large
companies. The differences observed regarding sector of activity in the demographic profile
will be further discussed in the results section.

Table 1. Description of socio-demographic characteristics of respondents in total and distributed by
sector of activity.

Total
Respondents

Agriculture
Bio-Based
Industries

Food
Industry

Forestry
Multiple
Sectors 1 Other 2

Number of
participants 394 (100%) 201 (51%) 11 (3%) 55 (14%) 21 (5%) 41 (10%) 65 (16%)

Age (years)

Less than 20 3 (1%) 2 0 2 0 2 0
20–29 39 (10%) 11 0 9 5 15 6
30–39 48 (12%) 12 18.2 22 14 5 8
40–49 122 (31%) 26 63.6 31 24 39 37
50–59 113 (29%) 27 18.2 27 43 27 34
over 60 66 (17%) 21 0 9 14 12 15
Gender

Female 154 (39%) 35 36 56 24 32 46
Male 231 (59%) 64 64 36 76 63 51
Prefer not to say 9 (2%) 0.5 0 7.3 0 5 3
Area of Operation

Advisor 45 (11.4%) 12 9 7 10 17 9
Education Provider 151 (38.3%) 32 55 36 57 22 60
Agri-Food
Companies 29 (7.4%) 4 9 31 0 7 0

Co-operatives 33 (8.4%) 11 9 5 10 10 2
Farmer 40 (10.2%) 17 0 0 0 15 0
Forest Industries and
Foresters 6 (1.5%) 0 0 0 24 2 0

Multiarea 3 30 (7.6%) 6 9 15 0 22 2
Other 4 60 (15.2%) 18 9 5 0 5 28
Organization size
(persons)

0–9 61 (15.5%) 21.9 9.1 7.3 9.5 19.5 3.1
10–49 50 (12.7%) 12.4 18.2 14.5 9.5 26.8 3.1
50–250 34 (8.6%) 10 0 12.7 4.8 9.8 3.1
250+ 39 (9.9%) 7.5 0 18.2 19 14.6 6.2
No answer 210 (53.3%) 48.3 72.7 47.3 57.1 29.3 84.6

Data represented in %, except for data in column “total respondents” and line “number of participants” where
data are presented as frequency and percentage. 1 Multiple sectors: grouped all respondents working in more
than one sector; 2 Other sectors: comprised policy operators, educators, researchers, and service providers;
3 Multiarea: grouped all respondents working in more than one area of operation; 4 Other areas of operation
included researchers, associations, public representatives, and service providers.
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Figure 1. Number of respondents by country.

3.2. Identified Current and Future Skills Needs
3.2.1. Sustainability Skills

A sustainable food system encompasses environmental, health, and social benefits,
as well as fairer economic gains [6]. Some studies address sustainability skills as the com-
petences to thrive in an evolving agri-food sector, such as coping with unexpected events
and adapting to new developments [25] or learning (critical thinking or communication)
and life skills (flexibility and leadership) [26]. Within this study, these were considered soft
skills and discussed in another section. In this study, sustainability skills were addressed
as “green skills” important in the awareness of sustainable production, the mitigation of
climate change, the reuse and recycling of resources and materials, and the use of renewable
energy sources [15]. In this survey, the importance of five sustainability skills identified as
relevant for the agri-food and forestry sectors previously in FIELDS focus groups [21] were
evaluated by respondents. The results of this question are shown in Figure 2. Though all
skills were important, “efficient use of resources and logistics,” “mitigation and adaptation
to climate change,” and “good agricultural practices” were found the most important
for respondents. “Efficient use of resources and logistics” was found to be important for
all sectors. Skills related to “mitigation and adaptation to climate change” were identi-
fied as statistically more important by Agricultural, Food, Multiple, Forestry, and Other
(Table A1) respondents’ sectors. “Good agricultural practices” were found significantly
more important for most of the respondents from the Agriculture, Other, and Multiple
sectors (Table A1). “Soil nutrient and health management” were significantly less impor-
tant to Food and Bio-Based industries (Table A1), and skills related to “by-products and
co-products valorization” were those with lower shares of respondents finding the skills
very important.

The agri-food industry clearly recognizes the importance of protecting and making
good use of natural resources and the impact of climate change in disrupting supplies and
processes as the main challenges to tackle towards a more sustainable future [27]. Agri-food
and forestry activities contribute to climate change, but at the same time are dependent
on natural resources and more vulnerable to its effects [12]. Previous studies suggest
that technological developments to mitigate climate change effects require trained skilled
workers [9]. Similar skills were previously identified in a sustainability transition context,
referring to the importance of agri-food workers having global awareness of climate change
impact, carbon emission reduction, water resources, and ecosystems management, but
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they should also have the skills to put in practice strategies related to renewable energies,
by-products valorization, and more efficient production [11,15]. As indicated, to achieve
the transition to sustainable production systems, it is required to train workers presently
displaying poor or moderate skills levels with new competences that enable them to
effectively promote sustainable agriculture through formal or life-long learning [28]. This
upskilling will pave the way to apply better and more efficient processes with reduced
impact on the environment and biodiversity.
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Figure 2. Categorization of the five selected sustainability skills by importance. Values in the graph
represent the percentage of answers for each skill.

3.2.2. Digitalization Skills

Digital transformation occurs in everyday life and skills needed are applicable to
all sectors. Information and communication technologies applied to agriculture have
improved productivity, supply chains, strategic decisions, and control [29]. Digitalization is
the main driver of Industry 4.0 development, comprising advanced technologies including
automation of processes, use of robotics, and Internet of Things. These advances are
now gaining momentum in the agri-food sector [30,31]. Big data is considered to be a key
opportunity for the future development of agriculture since it increases the variety and
velocity of data collection, enabling various tools and services to be implemented [32]. How
to use and interpret the collected raw data is still a challenge. This concern is reflected in
the high demand for skills related to “data handling and analysis” (Figure 3). The five
selected skills from the FG outcomes were assessed in the survey questionnaire and results
are presented in Figure 3. A high number of respondents also considered skills related to
“everyday use of digital technology to communicate” particularly important. Likewise, a
recent study on future skills required in the food industry for the transition to Industry 4.0
identified basic digital skills, data analysis, and use of complex digital communication skills
as some of the essential skills in seven professional profiles of the food industry [10,33].
“Field operations management systems” and “farm management information systems
(FMIS)” were also considered more important by the Agriculture and Multiple Sector
respondents, as these are specific skills for agricultural practices (Table A1). These are
digital operational practices developed to reduce operational and production costs with
less environmental impact [34] and several obstacles related to their implementation have
been identified, including insufficient farmers with adequate skills [35]. The importance
of “e-commerce and e-marketing” scored lower for all sectors but still was found relevant
for the respondents. E-commerce in the agri-food sector is promising and may help direct
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sales, shortening supply chains; however, it is still a challenging process and dependent
on several factors, such as agricultural prices, logistics time, product quality, credibility,
spending habits, and profitability [36,37]. Furthermore, in the agri-food sector, non-digital
channels are preferably used, with this difference being even higher in rural areas [38].
It was highlighted that simple digital platforms are gaining position in communication,
marketing, and business relationships in the agriculture market, particularly after the
COVID-19 crisis [33], with digital technologies presenting several opportunities including
the potential to reduce trade and transaction costs [39]. The inclusion of e-commerce and
marketing skills in farmers’ training has been proposed [40] and may help to develop food
business, mainly in rural areas [36].
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Figure 3. Categorization of five selected digitalization skills by importance. Values represent the
percentage of answers for each skill.

The literature referring to the transition to Industry 4.0 for food companies describes
diverse adoption patterns and technological demands [30,31], highlighting also that a
skilled workforce is needed to fully exploit this technological potential [16]. Despite the
numerous advantages of adopting innovative technologies in the agri-food and forestry
sectors, there are challenges and risks, such as associated costs and the existence of appro-
priate training to support digital transition [41]. A guide for the food industry to meet the
future skill requirements emerging from Industry 4.0 has recently been published [10]. The
five selected digital skills in this work were also identified by Akyazi and colleagues [10] as
very relevant to implementing the transition to a more digitalized food industry.

3.2.3. Bioeconomy—Sector-Specific Skills

In this survey, bioeconomy skills have been considered as those that are sector-specific
for agriculture (Figure 4), food industry (Figure 5), and forestry (Figure 6) activities [8].

Regarding agriculture skills (Figure 4), the results of the survey clearly showed the
importance of having a strategic and management vision to perform the activity. Skills re-
lated to “planning and coordinating production” and “calculating, handling and managing
risks” were considered very important for the Agriculture sector respondents. The imple-
mentation of organizational tools in small farms, as a case study, was observed to improve
productivity, product quality, and work environment [42]. “Performing farming operations”
is becoming increasingly related to automated systems that reduce time and production
costs and increase profitability [34]. Results showed that respondents found it more im-
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portant to develop skills related to planning and coordinating production together with
managing risks compared with those related to innovations in products and production,
such as shifting to organic or growing new crops and developing new bioproducts more
interesting from a bioeconomy point of view. In fact, using a management approach and
organizational tools with a focus on planning and monitoring were suggested to increase
profitability and contribute to a more agroecological and sustainable environment [27,42].
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Figure 4. Categorization of five selected Bioeconomy—Agriculture skills by importance. Values
represent the percentage of answers for each skill.
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Figure 5. Categorization of five selected Bioeconomy—Forestry skills by importance. Values represent
the percentage of answers for each skill.
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Figure 6. Categorization of five selected Bioeconomy—Food Industry skills by importance. Values
represent the percentage of answers for each skill.

Regarding forestry skills (Figure 5), “sustainable forest management practices and
planning,” together with “prevention and management of natural disturbances,” were con-
sidered the most important bioeconomy skills for the forestry sector and forest industries
respondents. “Reforestation, afforestation and the restoration of forest ecosystems” were
also indicated as very important. A recent online survey in the England and Wales forestry
sector identified a long list of future skills needs, headed by practical skills and agroforestry
and silvicultural knowledge. Other skills, such as “forest management and design” and
“carbon and climate resilience,” were also demanded, as well as more trained officers
on plant health and diseases [18]. Another survey administered to forestry employers
and students also highlighted the need for curricula improvement of land-management
skills and suggested the continuous improvement of training programs to face unprece-
dented environmental challenges from forest disease, wildfire, drought, and population
growth [17]. Different studies refer to the same skills needs as the ones here identified,
which demands an effort to improve workforce abilities in this sector considering the
current climate change scenario.

Regarding the food industry sector, skills related to “food security” and “ethics for
food” were those found most important. These topics and their relation were referred to
as one of the greatest dilemmas of our time [43]. How will nutritious food be available
and provided for all, in a sustainable and safe manner, considering also complex public
health problems, such as undernutrition, obesity, and micronutrient deficiencies [43]?
The influence of climate change in food production is also immediately related to food
systems and access to affordable, healthy food [44]. The challenges faced by food industry
stakeholders are vast and include animal welfare, transparency, social justice, healthy
food, and environmental issues, creating dilemmas when solutions are opposed [45]. Food
industry workers need to be empowered with knowledge and decision-making tools to
assist them in the ethical decision-making process [46].

“Quality management, quality assurance and quality control” and “food safety man-
agement, food hygiene and food safety controls” were also considered core skills in the
food sector. The food industry is highly regulated and very compliance-driven to assure
food quality for consumers. Food safety is a major concern in the sector, comprising sig-
nificant challenges such as longer food chains, novel ingredient sources, new processing
technologies, and higher consumer demands for fresh, low additive, and natural foods [46].
Scientific and technological advances that significantly impact food products and improve
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processes demand technical skills and knowledge to guarantee ingredients’ safe applica-
tion, processes control, and management along the food chain [47]. A European study
to assess skills development of food professionals described similar important training
activities more focused on current critical skills for the industry: product development,
food legislation and control, food safety management, food hygiene and food safety control,
quality management, quality assurance and quality control, and consumer and nutritional
sciences [48].

3.2.4. Soft Skills

Soft skills are a set of positive attributes and competencies that can improve produc-
tivity and enhance relationships and are critical for performance in the workplace [49].
Like digital skills, soft skills are transversal and necessary in all sectors of activity. In
general, respondents (between 89% and 91% depending on the skill) rated soft skills as very
important for their work (Figure 7). Interestingly, there were only minor differences among
sectors. The skills “being resilient, adaptable, and proactive” and “organization, planning,
visioning and strategic thinking” were significantly more important for the Multiple, Food,
Agriculture, and Other sectors. Creative and critical thinking, strategic planning, communi-
cation, networking, adaptability, and continuous learning are some of the skills identified
to promote a transition to sustainable agriculture production [11,28], food industry and
forestry sector development [10,16,50], and leadership in agriculture and natural resources
activities [51]. A survey administered to students and employers identified communicating
effectively and behaving professionally and ethically as the most important skills in forestry
education [17]. In the food industry, a skill needs survey administered to food science and
technology professionals and employers found that seven out of ten of the most required
skills were soft skills; both groups agreed that communication was the strongest non-food
skill [48]. In another survey for employers, the most significant skill gaps found were in
the areas of personal attributes and attitudes [52]. In the agriculture sector, communication
skills were among the required skills for young farmers [53], whereas communication, facil-
itating, and networking skill needs were found in agronomists’ workers [28]. A shift from
the traditional curricula centered on technical skills towards a curriculum equally balanced
between technical, personal, and soft skills has been suggested for the forestry [18,54,55],
food [10,48], and agriculture sectors [10,45]. The importance of soft skills in the workplace
has long been recognized, and although these competences are generally considered to be
acquired throughout life, several authors suggest that higher education institutions should
be more active in promoting soft skills training in agri-food and forestry students [28,56,57].

3.2.5. Business and Entrepreneurship Skills

The business and entrepreneurship skills selected for this survey were found very
important in general for the majority of respondents (Figure 8). The best qualifications
were obtained by skills related to having business and management skills to consolidate a
business and to find new business models or new value chains. The highest qualification
was the need for “collaboration and cooperation across all sectors of the food chain.” Com-
paring between activity sectors, higher importance scores were observed for all analyzed
sectors but were significantly less important for the Forestry sector (Table A1). Furthermore,
“interdisciplinary knowledge to assess the whole value chain” was highly evaluated by
participants mainly working in Multiple sectors, probably because these stakeholders have
a wider understanding across areas of activity for business growth, and significantly less
relevant for the Bio-Based industry respondents. Collaboration along the supply chain and
maintaining sustainable relations by fostering bonds were revealed to be key sources of
value creation [58]. Enterprises are perceiving the importance of collaborations in their core
activity and the advantages for their business competitiveness [59,60]. Skills that followed
were “business planning/model and strategic management,” scoring higher for all sectors,
and again significantly less important for the Bio-Based industry participants (Table A1).
Planning and management are found to be essential skills for business development. A
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study performed with small family farm businesses found that managers who focused on
extensive planning and controlling perceived their business as successful [61]. However,
developing and creating strategic plans was pointed out by others to be time-consuming but
also difficult due to market uncertainty [62]. Skills related to “new value chains/business
models” were generally regarded as important by all sectors. A well-defined business
development strategy, shaped by unique features of each firm, was considered very sig-
nificant to gain competitive advantage in both existing and new markets in the agri-food
sector in a Northern Ireland survey [19]. However, lack of management skills, mainly in
small firms, limits their innovative capability for growth [63]. These results are in line
with McElwee [64], who described networking, innovation, teamwork, leadership, and
business monitoring as very important skills in rural and farm entrepreneurship. Agri-food
and forestry entrepreneurs are often demanded to have the technical skills to create a
valuable product but also the competences to run a business. Therefore, a set of different
skills involved in entrepreneurship requires a combination of theory and practice [65].
In small business, each farmer’s characteristics and motivations are important drivers
in the influence of their entrepreneurial activity, creating diversity in farm management,
heterogeneity in value-creating strategies, and resiliency of farm systems [66]. As a general
remark, new agri-entrepreneurs were shown to have fewer resources and capabilities, and
in particular lower entrepreneurial skills and social capabilities, than entrepreneurs from
other activities [67].
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Figure 7. Categorization of five selected soft skills by importance. Values represent the percentage of
answers for each skill.

3.2.6. Skills Needs in the Near Future

The participants’ understandings of skills needs in the near future (5–10 years) are
represented in Figure 9. Sector-specific skills were less significant in the future from respon-
dents’ point of view because they were considered more sector-specific. Digitalization skills
were those found more important in the future, followed by sustainability skills, business–
entrepreneurship, and soft skills. In the literature, these skills are found very relevant in the
surveyed agriculture [11], food [16], and forestry [17] sectors. Lack of social competences
as soft skills may limit workers to technical positions rather than filling managerial and
leadership vacancies [55]. Advances in digitalization technologies are constant, meaning
a continuous demand for upskilling. Digital transformation is shaping all aspects of the
agri-food and forestry sectors, such as trade logistics, and distribution [39], smart farming
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and robotics production [31], marketing and communication, and contributing to achieving
the Sustainable Development Goal [41,68].
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Figure 8. Categorization of five selected business and entrepreneurship skills by importance. Values
represent the percentage of answers for each skill.
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Figure 9. Skill categories required in the future for agri-food and forestry professionals (next 5 to
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The challenge for present and future workers in the agri-food and forestry indus-
tries is to acquire an assorted set of competences including digital and technical skills,
communication and soft skills, and to efficiently manage decisions.
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3.3. Countries’ Training Needs and the Importance of Training Recognition

This study also intended to assess participants’ views regarding the suitability of
training systems, formal and non-formal, to cover existing training needs in each country
(Figure 10). A considerable number of respondents were unaware of currently available
training (including mostly non-formal but also about formal training) in their countries.
Still, respondents were more aware of the formal education provided. Generally, formal
training was considered more adequate to meet needs than non-formal, except for French
respondents. For Austria, Finland, France, Ireland, the Netherlands, and Portugal, re-
spondents clearly did not believe that the existing training systems, formal or non-formal,
covered the country’s needs. In contrast, in Spain, Slovenia, Greece, and Italy (only non-
formal), systems were considered to cover training needs, formal and non-formal, by more
than half of respondents. Respondents from Austria and Finland were more skeptical,
and more than 80% of respondents considered training needs not covered by formal or
non-formal training systems. Performing the analysis by sector of activity (Figure 11), par-
ticipants consistently considered formal training more suitable to covering training needs
compared with non-formal training. Furthermore, there is more uncertainty about existing
training for non-formal systems, except for Bio-Based industry respondents. Though agri-
cultural training varies largely throughout Europe, on average, only 8.5% of farmers have
received formal agricultural training, and 70% have only practical experience [69]. There-
fore, farmers’ training seems to be an unresolved matter and is essential for the acquisition
of skills in an ever-evolving sector [69]. Universities are viewed as essential to fostering the
development of agriculture by having the ability to develop efficient training based on the
latest research, to continuously evolve, and to provide education in different formats to
support lifelong learning [9]. Despite these efforts, universities and training centers seem
to face difficulties with providing needed education due to a lack of competent instructors
and effective curricula [70]. Education institutions need to overcome conventional knowl-
edge systems [71] and develop a new educational perspective by integrating formal and
informal knowledge, scientific with technical subjects [72], and a broader understanding of
challenges and opportunities in order to promote more sustainable agriculture [11].

When assessing the importance of training recognition and/or having the skills to
perform the task after training (Figure 12), consideration was given at both organization
and at trainee levels. Interestingly, organizations seemed to have more interest in both
assessed aspects (formal qualification and having the skills to perform the task) when
compared with the importance for the individual. This fact was observed across all studied
sectors. It is also clearly observed that it is more important for both organizations and
trainees to have the skill to perform the task than the recognition of training through formal
qualifications. In the agri-food sector, the skill to perform is linked to innovation, and
higher-skilled workers improve productivity by using innovative technologies at a faster
rate [19], which is important. Organizations invest in upskilling employees’ skills; however,
around 50% of this training is “on-the-job” and provided by the firms, and only 24% are
trained by a nationally recognized qualification [19].
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Figure 10. Perception of the suitability of training systems (formal and non-formal) to cover existing
training needs by country. Bars represent the percentage of answers for each country and training
system. N is the sample size.
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SKILLS TO PERFORM THE TASK RECOGNITION THROUGH A FORMAL
QUALIFICATION

Of little importance Of Average Importance Very important

Figure 12. Results of the question on the importance of “having the skills to perform a task” after a
training activity and the “recognition for a qualification” answered by trainees and organizations.
Number of respondents by question: a. 176, b. 253, c. 197, d. 309. Values represent the percentage of
answers for each question.

3.4. Business Trends

The questionnaire section related to business trends was optional and 91 participants
agreed to proceed. More than half of the respondents were from the Agriculture sector
(49), followed by Food, Other (both 13), and Multiple (12) sectors, and only some few
were from Forestry (3) and Bio-Based industries (1). Within the business strategy context,
consideration was given to the business operating models, the strategic business focus,
and the required business strategy skills. This section first addressed the type of business
models participants are operating in. The majority of respondents operated their core
business model as business-to-business (B2B—56%), some were operating business-to-
consumer (B2C—27%), and less (Other—7%) had a combination of the two models, or were
cooperatives or research or consultancy institutions. Regarding sectors, and comparing
both business models questioned, the business-to-business model was more adopted in
all sectors compared with business-to-consumer: Agriculture (23 vs. 8 answers), Food (5
vs. 2 answers), Multiple (5 equal 5 answers), Forestry (3 vs. 0 answers), and Bio-Based
industries (1 vs. 0 answers).

In Figure 13, the core strategic focus of the participants’ business model is presented.
Findings showed sustainability, innovation, business growth, and increased competitive-
ness as the main selected drivers for business development. Focuses on digital transforma-
tion and work to secure business also featured high on the strategic business focus. The
transition to sustainable agri-food and forestry systems is closely linked with technical
innovation [41] and digital transformation [73], as discussed in previous sections. Moreover,
innovative business models supported by digital tools may foster the agri-food sector, value
supply chains, and boost sustainability and employability [74].
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Figure 13. The strategic focus of business. Values represent the number of answers by question.

The three most relevant strategic business skills to support business models (Figure 14)
were related to “business strategy, development, implementation, and analysis,” “busi-
ness continuity planning,” “business planning/modelling and strategic management,”
and “recognition and realizing business opportunities.” These were followed by “change
management,” “providing leadership,” and “data analytics.” “Growth mindset” and “col-
laboration and co-operation across sectors of the food chain” were also valued. Agriculture
and Food Industry were the two sectors with more answers to this question. The agriculture
sector highlighted “business strategy, development, implementation and analysis,” and
the Food Industry sector highlighted “new value chains and business models” as main
business strategy skills. These findings showed an increased interest in new business
models and management-related skills.

 

Global curiosity

New value chains & business models

Collaboration & co-operation across all sectors of the food chain

Growth mindset

Governance

Commercial creativity & innovation

Data analytics

Providing leadership

Change management

Recognising & realising business opportunities

Business planning / modelling and strategic management

Business continuity planning

Business strategy, development, implementation and analysis

Not Relevant Somewhat Relevant Very Relevant

Figure 14. Answers to the question: How relevant are the following business strategy skills to your
Core Business Model? Number of respondents varied between 61 and 64. Values represent the
percentage of answers.
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4. Conclusions

The identification of existing and emerging skills needs in bioeconomy, sustainability,
and digitalization is of paramount importance to the development of a strategic approach
that will bolster the European agri-food and forestry sectors in the transition to sustainable
production in the long term. Survey outcomes on skills needs are in concordance with those
found in the FIELDS focus groups. The skills considered most important in focus groups
were found in general very important also by survey respondents, with some differences
depending on the working sector and skill. Though some differences between each sector
and specific skills were observed, on the main, the evaluated set of skills were considered
relevant and may feature the agri-food and forestry workforce upskilling and reskilling
training. A highlight should be given to the relevance of soft skills for all sectors, with all
skills ranking very important for more than 90% of respondents, including skills related
to “data handling analysis” and “everyday usage of digital technology to communicate”
among those better evaluated by respondents. Among business and entrepreneurial skills,
those considered most important were “collaboration across all sectors of the value chain”
and “business planning and strategic management.” For sector-specific skills, the skill with
higher ranking for Agriculture was “planning and coordinating production,” for Forestry
it was “sustainable forest management practices and planning,” and “food security” for
the Food sector. According to participants’ prospects of required skills in 5 to 10 years,
these were mainly digital and sustainability skills. Using a trainer perspective over all the
skills analyzed in this study, it is possible to remark that regardless of the category or sector
assessed, “planning,” “management,” and “control” are key activities associated with the
most-demanded skills in the survey, setting a focus to train students and workers in these
competences.

There is a general perception among respondents that formal training better responds
to training needs compared with non-formal training, but also that existing training systems
do not cover actual skill needs. The results showed that a cross-sectoral approach developed
to train a set of skills, including sustainability, digital skills, soft skills, and business
skills, was identified by stakeholders as a way to tackle the agri-food and forestry sectors’
challenges. Increasing technical skill levels will promote innovation and digital advances,
which, harnessed with soft skills training, will create experts with sound human and
technical competences who will be able to improve productivity, face business challenges,
and create new markets to support and develop sustainable and solider agri-food and
forestry sectors.

This study presented some limitations, mainly related to the fact that samples are not
representative of studied sectors (small sample size) and not equally represented, being
also quite unbalanced. This study is an exploratory study complemented by other activities
on skill needs conducted in the FIELDS project, such as focus groups and scenario analysis.
In the future, work skills needs will be analyzed from the perspective of the three activities.
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Appendix B

Table A1. Categorization of selected skills by sector of activity.

Sample
(n)

Agriculture
Bio-Based
Industries

Food Forestry Multiple
Sectors

Other p Value

Sustainability Skills

Mitigation and adaptation to climate change 363 4.28 ab 3.90 a 3.92 ab 4.35 b 4.51b 4.41 ab 0.004
Efficient use of resources and logistics 366 4.31 3.80 4.35 4.43 4.46 4.38 0.391

By-products and co-products valorisation 362 3.81 3.92 3.70 3.67 4.22 3.97 0.111
Good agricultural practices 355 4.46 c 3.76 a 3.48 ab 3.30 ab 4.59 c 4.07 bc <0.001

Soil nutrient and health management 358 4.27 b 3.47 a 3.75 a 3.45 ab 4.26b 3.98 ab <0.001

Digitalization Skills

Everyday usage of digital technology to communicate 367 4.20 3.55 4.19 4.00 4.24 4.28 0.320
Data handling and analysis 355 4.23 ab 3.60 a 4.18 ab 4.05 ab 4.49 b 4.00 ab 0.026

E-commerce and e-marketing 360 3.69 3.10 3.90 3.95 3.91 3.90 0.141
Farm Management Information Systems (FMIS) 357 4.08 b 3.30 a 3.39 ab 3.29 a 4.14 b 3.76 ab <0.001

Field operations management systems 364 4.01 b 3.18 a 3.48 ab 3.62 ab 4.14 b 3.90 ab 0.010

Soft Skills

Communication 368 4.31 3.80 4.44 4.24 4.57 4.35 0.072
Analytical, critical, and creative thinking 365 4.28 4.00 4.21 4.33 4.53 4.52 0.133
Being resilient, adaptable, and proactive 369 4.34 bc 3.60 a 4.34 bc 3.89 ab 4.56 c 4.45 bc 0.001

Organisation, planning, visioning, and strategic thinking 363 4.42 bc 3.78 a 4.37 bc 4.10 ab 4.66 c 4.33 bc 0.005
Learning continuously 358 4.37 4.00 4.31 4.43 4.53 4.39 0.706

Business and Entrepreneurship Skills

Business planning/model and strategic management 359 4.26 ab 3.67 a 4.02 ab 3.90 ab 4.49 b 4.08 ab 0.006
New value chains/new business models 355 4.06 3.67 4.10 4.05 4.31 4.10 0.589

Collaboration/cooperation across all sectors in the food chain 364 4.31 b 3.91 ab 4.26 ab 3.68 a 4.52 b 4.29 ab 0.024
Interdisciplinary knowledge to assess the whole value chain 363 4.04 ab 3.60 a 4.06 ab 4.06 ab 4.46 b 4.17 ab 0.031

Project management 358 4.03 3.44 3.96 3.80 4.29 3.97 0.085

Data represent mean values of answers rated by importance. Superscript letters within rows represent statistical
differences between median values (p < 0.05).
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