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Abstract: Attempts to measure sustainability of farms are usually based on indicators of a set of
sustainability dimensions. According to the literature, analyses should (but quite often do not) cover
not only the level, but also the relations between the sustainability dimensions, because we could
expect complementarity, synergies or competition between the sustainability goals. The aim of this
paper was to measure and assess the interdependencies between dimensions of farms’ sustainability.
The research was carried out on 601 farms that participate in the Polish Farm Accountancy Data
Network (FADN), with the use of standard FADN data supported by additional information from
interviews. Based on many variables, economic, environmental, social, and composite sustainability
indices were collected. From the correlation and correspondence analyses it was concluded that the
farms reached the balance of all three dimensions simultaneously when the level of sustainability
indices was medium, while a high level of sustainability in one dimension made it very difficult to
reach a high level in the others. It was also emphasized that assessing farms’ sustainability with the
use of a simple aggregation of variables may be not correct since sustainability goals may compete
with each other.

Keywords: sustainable agriculture; dimensions of sustainability; farming; indicators of sustainability

1. Introduction

The concept of sustainable development became a popular topic for discussion among economists
and politicians after the publication of the Report of the World Commission on Environment and
Development, “Our Common Future”. The report contained one of the most commonly used
definitions of sustainable development: “to ensure that it meets the needs of the present without
compromising the ability of future generations to meet their own needs” [1] (p. 54). Reaching
this goal is possible only when the decisions are made taking into account economic, social and
environmental issues [2,3]. When analyzing sustainability, we should be aware of the fact that the
concept of “sustainable development” is multidimensional. Consequently, its analyses should include
interdependencies between its dimensions, since ultimately it is the joint effect of all processes taking
place within all the sustainability components that matters, and not the level of each of the parameters
taken separately (or a simple sum of these). Concentrating on only one of the dimensions (e.g.,
environmental) is valuable, as it makes identifying certain problems easier. Nevertheless it does
not improve our understanding of the true sustainability of an object or a system as a whole [4].
This seems to be particularly important in the case of agriculture, where family farms dominate and
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play a key role in the long-term maintenance of rural areas specializing in agricultural activities [5].
Family farming is also linked with sustainability by various socio-economic characteristics, greater
concern for the use of natural resources, and concentration on environmentally respectful practices [5,6].
As Ikerd [7] emphasized, family farms “are the best hope for a sustainable future for farming and for
humanity”; however, this requires reaching a harmony between environmental, social and economic
perspectives of sustainability. In this context, the objective of this paper was to identify and evaluate
the relationships between basic dimensions of sustainability at a farm level. The hypothesis was that
farms are in general characterized by significant differences between their levels of sustainability,
depending on their dimensions. Confirming this would suggest that assessing farm sustainability
based only on one composite indicator would lead to improper assessment of farm sustainability (in
the cases when one sustainability dimension would receive a very high grade, and the other a very
low one). We take the view that sustainability is an integral whole, thus a low level of one dimension
cannot be substituted by a high level of another—especially on a farm level, where sustainability is
dependent on the farm’s weakest link.

2. Principals of the Sustainability Concept—Literature Review

2.1. Origin of the Sustainability Concept

According to Ciegis et al. [4], in economic papers there are over 100 definitions of sustainable
development, while Hayati [8] found as many as 44 definitions of sustainable agriculture published
between 1984 and 2016. Taking into consideration the number and variety of the definitions published
within the last 30 years, it seems reasonable to look for the roots of sustainability and sustainable
development in order to understand the principles of this idea. Although the origins of discussions on
the sustainable development concept are most commonly associated with the report “Our Common
Future” mentioned in the Introduction [1,9,10], its history is much longer [11,12], especially if we
refer not only to theoretical deliberations, but to practical actions as well, particularly in agriculture
and forestry. The concept of keeping the land fertile for future generations and at the same time
increasing the yields for present users is not new. One of the oldest concepts of such a kind was
practiced in China, where the earliest records of integrated crop and livestock farming date back
to 1600–800 BC [13]. In European history there were also some practices that we can nowadays
understand as referring to sustainable agriculture, such as the three-field system and (since the 17th
century) four-field rotation [14]. Concern for the soil quality most probably had more to do with caring
for food security rather than with being environmentally aware, especially in the pre-industrial era
when the human impact on the environment was either small or not understood.

Forestry was the first type of economic activity where people realized the impact of day-to-day
actions on the environment in the long run. Probably the first formal publication describing
management according to sustainability principles was a book by Hans Carl von Carlowitz (1645–1714)
entitled Sylvicultura economica [15]. The author used the term “nachhaltende Nutzung gebe” (ensure
sustainable use), which leads us to the term “Nachhaltigkeit” (sustainability) [16]. As Vehkamäki [16]
(p. 3) indicates, “the sustainability expressed in his book ( . . . ) has had the threefold meaning from the beginning:
economic, social and ecological sustainability”. Almost one hundred years later (1805), a German forester,
Georg Ludwig Hartig, wrote the following definition of sustainability in his “Instructions for the
Taxation of Forests”: “There will be no sustainable forest industry if lumbering in the forests is not based on
sustainability. Every wise forest authority must assess the use of the state’s forest without delay and in such a
way that our descendants can obtain at least as much gain from them as today’s generation does” (quoted in [15]
(p. 12)). A similar opinion was shared by Plater [17] (p. 13), the author of the first Polish handbook of
forestry; he stated that those “who cut their forests out of measure [ . . . ] do wrong to their descendants”,
while “those who use less than they would be able to do, [ . . . ] deceive themselves”. Additionally, he stressed
the aesthetical value of forests, affecting the wellbeing of people who walk in the nature.
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Modern discussion on sustainability issues began when a book, “Spaceship Earth”, was published
in 1966 by Barbara Ward. Basing on her 20-year experience of dealing with poverty in underdeveloped
countries, she concluded that economic development cannot be seen separately from the problems of
the natural environment. Limited resources and space were noticed also by Kenneth E. Boulding [18]
and R. Carson [19]. A significant document, widely commented on, was the report published in 1972
by the Club of Rome ”The Limits to Growth”. It contained a catastrophic vision of decline in both
population and industrial output if the economic growth paradigm continued to dominate. The concept
of “sustainable development” was clearly articulated in another book by B. Ward (and R. Dubos):
“Only One Earth. The Care and Maintenance of a Small Planet” [20,21], published after the UN conference
“Human Environment” in 1972. Even though the conference attendants failed to conceptualize the
complex relations between the natural environment and economic growth [22], the conclusions drawn
from the discussions (published by Ward and Dubos) set the directions for future actions of humankind
to ensure good living conditions both for present and future generations. These materials were later
used by Brundtland and her team [1] to prepare the report that nowadays is a groundwork for most of
the discussions on sustainability.

2.2. Dimensions of Sustainability

Even though the essence of the sustainability concept is clear enough [4], researchers use many
different sustainability definitions and interpretations [23–26]. It can be assumed that the variety of
approaches is the result of the universality of the concept [27–29]. Despite their variability, most of the
definitions cover three types of goals, interpreted as the dimensions of sustainability: environmental,
economic, and social [2,25,30]. In practice, sustainable development requires such actions that are
economically viable, ecologically sound and socially acceptable. However, most authors concentrate
on the way humankind uses natural resources [31]. There are also some publications concentrating on
ethical aspects of the problem [32]. Many publications suggest widening the perspective in order to
cover more dimensions than just social, economic, and environmental dimensions. It is quite popular
to add an institutional component [33–35]. Some authors go a step further, covering more than four
dimensions—for instance Seghezzo [36] suggested using five dimensions: “place” understood in terms
of nature, culture and politics, and additionally “permanence” and “persons”. On the other hand,
Mauerhofer [37] presented a completely different approach: a ”3-D Sustainability”. He described a
three-dimensional cone consisting of three types of capital (natural, social and economic) and three
types of capacity (environmental, social, economic), while the cone’s diagonal sides represent the limits
of the environmental system. The attempts to widen the classical three-dimensional understanding
of sustainability can be understood as a search for a more practical approach to the concept, because
the realization of sustainable development remains highly problematic [4,38]. Nevertheless, all of
the sustainability dimensions are relatively rarely interpreted as a system, and not merely as a set of
indicators. This issue is addressed in the next part of the paper.

2.3. Integrating Economic, Social, and Environmental Dimensions

Integration of economic, social, and environmental dimensions is crucial to achieving sustainable
development [39]. According to Voinov and Smith [31], this approach is important, because a long-term
development of one subsystem is somewhat dependent on the others. According to them, economic
and ecological components should be considered together, including their interplay, because finally
they constitute one system. A similar view is represented by Ciegis et al. [4], Jiliberto [40] and
Bardy et al. [35] (after Kahuthu [41]). Sadok et al. [42] (p. 163) point to a similar problem, highlighting
that in order to assess sustainability in a realistic way, we need “the integration of diverse information
concerning economic, social and environmental objectives; and the handling of conflicting aspects of these
objectives as a function of the views and opinions of the individuals involved in the assessment process”.
The need for integrated perception of sustainability was also indicated by Saifi and Drake [43],
who—referring to Norgaard’s [44] “Development Betrayed”—emphasized the dynamic nature of this
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phenomenon. According to these authors [43] (p. 24), “the challenge of agricultural sustainability can
be fruitfully addressed within an analytical framework that consciously and explicitly considers agricultural
development as consisting of processes of coevolution involving agriculture and the surrounding ecological and
socioeconomic systems”.

The relevance of studying relationships between various dimensions of sustainable development
is also indicated by Pierantoni [45], although she notes that sustainability can be defined in relation
to only one dimension (environmental or social). However, in such a case the interpretation of
sustainability focuses on impact analysis, which is useful mostly for analyzing short periods. This view
is shared by Ciegis et al. [4] (p. 33), who indicate that in a one-dimensional analysis “sustainability only
involves specific problems in a certain dimension, and hence relationships with development in other fields may
be very weak”.

The discussion on the choice of sustainability dimensions is closely linked with the concepts of
“strong” and “weak” sustainability [46–48]. If realizing the sustainability concept in practice means
leaving for the future generations the same amount of capital as we possess now, the question is:
should we count all the types of capital (natural, man-made and human) together or each of them
separately? Those who claim that the types of capital are substitutable allow the calculation of all of
them jointly. This approach is labelled “weak sustainability”, while “strong sustainability” is based
on an assumption that types of capital are not substitutable but complementary and, thus, should be
calculated separately [46,48,49]. In practice it would mean that non-renewable resources shouldn’t be
used for production processes at all. This approach can be tempting when we want to save the natural
environment, but in practice it is very difficult to follow, especially if we also take into account social
issues (increase of the well-being of people) [48,49]. The most important thing is to identify the critical
natural capital, that is, the resources which perform irreplaceable functions [50].

Agriculture makes use of such non-renewable resources as the soil and its ecosystem. Nevertheless,
sustainable agriculture can follow not only “weak”, but also “strong” sustainability rules. The key
issue is to define the critical natural capital that has to be passed to the future generations as a legacy.
Such a legacy is, without doubt, the soil; even though it exists for centuries, it can be made unfertile
through improper farming practices. As a consequence, the assessment of agricultural systems in
terms of sustainability is, in practice, done as the assessment of agricultural practices’ correctness.
It should be also noted that the dichotomy of “strong” and “weak” sustainability is not the only
existing approach, as for example, Turner et al. [51] suggested using four different sustainability levels,
depending on the level of realizing social and economic goals.

2.4. Measuring Sustainability of Agriculture (Branch and Farm Level)

Agriculture plays an important role in sustainability issues [52,53]. Despite the variety of
definitions used by researchers, there are some common features of what we call ”sustainable
agriculture”. According to the mainstream approach, it is based on three basic rules: “ecological
soundness” (which refers to the preservation and improvement of the natural environment); “economic
viability” (which refers to maintenance of yields and productivity of crops and livestock); and
“social acceptability”, which refers to self-reliance, equality and improved quality of life [54–57].
Some researchers widen this three-dimensional concept. For instance, Rasure ([58] after [8] (p. 19)),
while describing multi-dimensional aspects of sustainability, indicated 13 dimensions of sustainable
agriculture, such as “technological appropriateness, economic feasibility, economic viability, environmental
soundness, temporal stability, efficiency of resource use, local adaptability, social acceptability, political
acceptability, administrative manageability, cultural desirability, equity and productivity”.

Empirical research of sustainability is most often based on indicators that are supposed to reflect
the level of compliance of the observed parameter with the sustainability paradigm [59,60]. However,
we should not forget that these indicators are not perfect [59,61]. The assessment of sustainability
is very difficult because of its dynamic character [62]; this refers to measuring sustainability in
agriculture, as well. A broad set of indicators referring to both sustainable development in general
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and sustainable agriculture specifically can be found, among others, in publications of the following
authors: Briassoulis [63], UN [64], Hayati [8], Reytar et al. [65], Hayati et al. [66], Latruffe et al. [60], and
Majewski [3]. Ideally, the indicators should cover subsystems such as the farm field (where agronomic
factors are paramount), the farm unit (where microeconomic concerns are primary), the regional
physical environment (where ecological factors are central), and national as well as international
economies (where macroeconomic issues are the most important) [67].

Briassoulis [63] stresses that the bulk of the indicators used by researchers refer to a single
dimension of sustainable development. Many of the papers concentrate on the agro-ecological
component of the sustainability (e.g., [3,8,68–72]). The agro-ecological component is most often
measured by the assessment of soil erosion, soil quality, water quality, quality of agricultural practice,
use of fertilizers, use of pesticides, crop rotation, cultivation technologies, trends in climate changes,
the renewal of organic matter in soil, soil coverage index, etc. A literature review prepared by
Reytar et al. [65] concludes that most of the existing indicators of sustainability referring to agriculture
(regardless of the level of analysis) concentrate mostly on various aspects of the environmental
dimension. However, some of the papers put more stress on the social [73–75] or economic aspects
of sustainability [76–79]. The social aspect is most often measured by the level of education,
experience and skill in farming, social status of the family, ways of supporting decision making,
living conditions, involvement in community issues, safety, etc. The economic dimension most often
covers work productivity, efficiency, agricultural income, revenue, off-farm income, and production
potential measured as the asset value. Nevertheless, social sustainability of farms (and, more broadly,
of agriculture) is the dimension that would need the most development of indicators in the future [60].
The emphasis on the environmental dimension can be explained by the specificity of agricultural
production, which depends strongly on the natural environment, and especially on the quality of
soil [80–83].

Similar to the case of the general sustainability concept, researchers dealing with sustainability
in agriculture stress the importance of integrating the sustainability dimensions [4,26] through
aggregating partial indicators. Many researchers make an effort to capture various dimensions
of sustainability by preparing composite indicators [84,85]. The indicators can be calculated using
a variety of methods. The most popular of these consists of calculating sums or weighted means,
or using normalization techniques (linear scaling techniques, Gaussian normalization distance to
target, ranking by experts, categorical scales etc.) [60,86,87]. There are also some more sophisticated
methods. For instance, Štreimikienė and Baležentis [88] listed a set of methods used for aggregating
three dimensions of sustainability. These are (among others): the goal programming model, principal
component analysis, multi-criteria decision-making (MCDM) method or the analytic hierarchy process
(AHP). Sustainability assessment through such methods is usually based on the expert assessment
of alternatives [88]. Talukder et al. [84] (p.11) underline that “the aggregation of a multidimensional set
of indicators into a unique composite indicator can facilitate the understanding of a complex concept such as
agricultural sustainability”. Nevertheless, it is important to remember that the choice of aggregation
method can affect the results and, in consequence, the assessment of the level of sustainability [84,89].
While talking about agriculture and farms in particular, an important drawback is the lack of access
to appropriate data [90]. The main shortcomings of the aggregation methods are losing important
information as a result of calculating means and adding constructs that are not comparable [91].
Even though synthetic indicators seem useful to assess sustainability of particular items, they may
in fact lead to oversimplification. This is why their real value is still discussed [92,93]. For instance,
it is disputable whether low levels of one dimension (for example, environment) can be compensated
by high levels in another dimension (usually economic). It is a common problem in calculating
aggregated indicators [4,31,35,42]. This approach leads to the use of the “weak sustainability” approach.
The authors of this paper, looking for relations between the sustainability dimensions (that can be
roughly understood as three types of capital) assumed that it is impossible to make up for negligence
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in the environmental protection layer with economic results. This approach places us close to the
“strong sustainability” concept.

It is not common to analyze relations between various sustainability components; however,
some publications on this issue do exist. Such an effort was made by Rajaram and Das [94],
who suggested using “a fuzzy rule-based approach” to model the interactions of sustainability
components in an agro-ecosystem. As well as Saifi and Drake [43], as was written above, the European
Commission stressed the need to analyze relations between sustainability dimensions [95]. There are
also some papers containing analyses of dependencies between chosen sustainability components and
sets of farms’ characteristics. For instance, Piedra-Muñoz et al. [5] tried to assess relations between
sustainability (understood in terms of socio-economic characteristics, environmentally respectful
practices and innovation) and profitability. This approach somewhat reflects relations between the
economic dimension and the remaining sustainability dimensions. The case study analysis presented
by Piedra-Muñoz et al. revealed that socio-economic and environmental-innovative components of
sustainability are the drivers of profitability. Interdependencies and synergy effects of sustainability
components were recently analysed by Galdeano-Gómez et al. [96,97], while relations between the
social and economic dimensions were examined by Torres et al. [98]. The possible conflict between
economic and environmental goals was presented by Dillon et al. [92]. Nevertheless, the relations
between sustainability components seem seriously under-researched. Thus, the authors of this paper
tried to fill this gap, at least partially.

3. Materials and Methods

3.1. Case Study Area—Background Information on Polish Agriculture

Poland is the largest country in Central and Eastern Europe (Figure 1). Poland’s utilised
agricultural area constitutes one-fifth of the whole agricultural area of the EU, giving Poland third
place in the Union, after France and Spain. Moreover, Polish farms constitute 12.5% of all farms
in EU (after Romania and Italy), thus the impact of Polish farms on the natural environmental and
agricultural market in EU is significant [99]. Compared to other EU countries, Polish farming is rather
labor-intensive, however, this is changing [100].

Polish agriculture is based mostly on family farms. Characteristically, the farms are small (with
significant regional variability), as an average farm covers 10.3 ha of utilised agricultural area (EU
average is 18 ha) [100]. Contrary to the majority of post-socialist countries, Polish agriculture has never
been dependent on state-owned farms, as over three-quarters of agricultural land has always been
in private hands [101]. Consequently, farming is usually a family tradition, quite often supported by
appropriate education, but not always (according to the national census, in 2010 only 41% of owners of
individual farms had agricultural education, and half of them had finished only a special course) [102].
Farms in Poland are highly diversified by size, both in terms of occupied area and production potential.
Table 1 presents the number of farms in Poland according to their economic size, calculated as the
value of standard output.

Table 1. Number of farms in Poland, by economic size (2016).

Standard Output in
Thousand Euro

Number of Farms
(Thousands)

Share of Total Number
(%)

Share of Farms Participating
in Polish FADN (%)

lower than 4 650.4 47 does not apply
very small (4 ≤ € < 8) 249.1 18 37

small (8 ≤ € < 25) 289.2 21 42
medium-small (25 ≤ € < 50) 106.6 8 13
medium-large (50 ≤ € < 100) 58.1 4 5
large and very large (≥100) 30.4 2 2

total 1383.9 100 100

Source: own computation based on [100,103].
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This paper covers only farms participating in the Farm Accountancy Data Network (FADN),
excluding the smallest ones, such as semi-subsistence farms or hobby farms. FADN covers only
farms producing for the market, which in Poland means reaching EUR 4000 of standard output [103].
Consequently, the results of all further analyses concern only about 50% of farms, producing 94% of
standard output, and at the same time covering 87% of utilized agricultural area and giving work to
67% of agricultural working units (Table 2).

Most of the farms participating in the Polish FADN are of mixed type, growing plants as
well as breeding animals (45%). About one-quarter of the farms specialize in field crops, 13% in
milk production, and the remainder concentrate on other grazing livestock (mainly cattle or sheep),
other permanent crops, horticulture, pigs, and poultry (Figure 2).

Table 2. Coverage field of the observation FADN in Poland in 2013.

Farms (%) Standard Output
(%)

Utilized Agricultural Area
(%)

Agricultural Working Units
(%)

52 94 87 67

Source: [104].
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3.2. Methods

This paper consists of two main parts. The first concerns measuring the sustainability level of
farms (in general and by dimensions). The second part contains the analysis of interdependencies
between the indicators of particular sustainability dimensions; it is based on correlation analysis and
correspondence analysis.

3.2.1. Data Collection

Data used in this research were gathered from two sources: the Farm Accountancy Data Network
database and structured face-to-face interviews with farmers. The FADN sample in Poland covers
12 100 respondents representing 730 000 farms exceeding EUR 4000 of standardized production.
The database contains detailed information on costs, production values, and financial results of the
farms, as well as basic information on the organization of work. Our sample consisted of 601 farms
participating in the Polish FADN system. These objects were selected using a layer/random selection
procedure, which covered:

• 4 layers based on the criterion of specialization
• 3 layers based on the criterion of standard production
• 4 layers, which corresponded to the regions

The number of farms surveyed in each layer was determined using the Neyman [105] method in
a manner analogous to that used for determining the sample size for FADN [106]:

nh = n
Nhσh

∑L
k=1 Nkσk

(1)

where: nh—sample size in layer h,
n—sample size,
Nh—size of population in layer h,
σh—standard deviation standard h,
L—number of layers.

Interviews with farmers were conducted by advisers from regional extension centers,
who coordinated the collection of data within the FADN system. Field surveys were carried out
in 2017 and concerned behavioral aspects of the operation of farms, in particular attitudes towards
environmental and societal aspects of sustainability. The data from interviews was added to relevant
data available in the FADN database (farm costs, production values, financial results, and basic
organizational data). Given that the applied layer-random sampling method reflects the structure of
farms in the population surveyed by FADN, we can assume that it is representative for the population
of farms being in scope of observation of the Polish FADN (in terms of economic size, type of
production and region). The procedure of two-phase sampling are described in detail in statistical
literature [107,108].

3.2.2. Variables Used in the Analysis

Basing on the literature review, we prepared a set of 109 parameters that could help to assess farm
sustainability. Only the parameters that could clearly indicate the level of sustainability in a chosen
dimension were used in further analyses. Basing on the method of Géniaux et al. [86], these parameters
(Data Z = (z1, . . . , zp)) were the basis for the calculation of 51 “diagnostic variables” (Variables X = (x1,
. . . , xn)) that were later aggregated into seven partial sustainability indicators (Sub-indicators Y = (y1,
. . . , yi)):

• indicator of the correctness of agricultural practice in plant production
• indicator of the correctness of agricultural practice in livestock production
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• environmental perception indicator
• economic potential indicator
• production potential indicator
• indicator of living conditions
• mental comfort indicator

A more detailed description of all the parameters and variables can be found in the paper [109].
In the next phase of the research these sub-indicators were aggregated to assess three sustainability
dimensions: economic, environmental, and social (Dimensions: M = (m1, . . . , m3)). All diagnostic
variables were scaled to the 0-1 interval with the use of percentile method. (In descriptive statistics,
this approach is used to categorize large datasets from highest to lowest values, or vice versa. Quartile,
percentile and decile are a form of a quantile which divides a set of observations into samples that
are easier to analyse and measure [110]). Each of the variable scores were assigned appropriate
percentile ranks (objects from the highest percentile were given rank 1, from the next one 0.99, etc.).
The “percentile rank” was further treated as a transformed value of the variable. Aggregated indicators
were calculated as average values of appropriate sets of variables (or sets of indicators of lower level).
The use of percentile ranks allowed for a rather even distribution of the transformed variables (which
is important when we look for dependencies between certain indicators) and reduced the influence of
the outliers.

3.2.3. Correlation Analysis and Multiple Correspondence Analysis (MCA)

The analytical work began with the correlation analysis (r-Pearson) of sustainability components.
Taking into consideration that such a complex issue as sustainability involves interdependencies
between its components, partial correlations were also calculated, to determine “clear” relations
between the parameters, without the influence of the remaining ones. They were calculated with the
use of the following formula:

rxixj/xk
=

rxixj − rxixk rxjxk√(
1 − r2

xixk

)(
1 − r2

xjxk

) (2)

where:
rxixj/xk

—partial correlation between variables xi and xj when the value of xk is fixed
r—correlation between the pair of variables.

In order to better understand the interdependencies between sustainability dimensions,
the correlation analysis was followed by multiple correspondence analysis (MCA) [111–113]. Its logic
is similar to that of factor analysis, but the use of qualitative data allows for more intuitive analysis of
the data matrices. In order to transfer data from additive to ordinal, we divided them in the following
way: sustainability indicator below or equal to 0.33 was described as low, above 0.66 as high, and all
the remaining ones as medium. Of course, this simplification of the original data means losing many
details from the picture, but allows us to grasp main tendencies. In the case of multiple correspondence
analysis, the data is presented in a Burt matrix [114]. The Burt matrix is symmetrical (in this case
4 × 4) and consists of two-way frequency crosstabulation tables. The analysis of the Burt matrix can be
complemented by two-dimensional or three-dimensional graphs, with the use of the method described
by [115]. The procedure begins with the choice of the number of dimensions. Figure 3 presents the
procedure used in the multiple correspondence analysis.
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4. Results

4.1. Correlations between the Sustainability Components

Table 3 contains basic information (minimum, maximum, mean, and standard deviation) on the
values of indices representing sustainability dimensions: economic, environmental, and social, as well
as the composite indicator. Evidently, average values of indicators do not differ significantly depending
on the dimension. The highest range (max–min) is observed in the economic dimension, and the
smallest in the social one. We can conclude that farmers producing for the market have relatively
similar living conditions and social comfort, while there are much higher differences in the economic
potential of their farms.

Table 3. Basic characteristics of indicators of sustainability dimensions (theoretical range of variability 0–1).

Parameter
Dimension of Sustainability

Composite Indicator
Agri-Environmental Social Economic

empirical minimum 0.22 0.35 0.13 0.32
empirical maximum 0.91 0.83 0.86 0.79

mean 0.6 0.57 0.51 0.56
standard deviation 0.12 0.09 0.15 0.09

Source: own research.

These indices allow us to assess the level of the farms’ sustainability (in general and in particular
dimensions), as well as to compare the farms with each other. Nevertheless, they do not allow us to
draw conclusions on the nature of the relationships between these parameters in practice. This issue
will be addressed in the following parts of the paper.

The relationships between the sustainability dimensions (including also the composite
sustainability indicator) were analysed with the use of r-Pearson correlation. The results are presented
in Table 4. It is clearly visible that there is a linear relation only between the sub-indices and the
aggregated index (as a result of the aggregation procedure), while relations between the sub-indices
are not so clear. All of the correlation coefficients were statistically significant (the significance of the
correlations was tested with the use of the t-test for significance for a Pearson product-moment
correlation coefficient) at p = 0.05, however, the correlations between social and environmental
dimensions were weak (0.12). The economic indicator was correlated with the remaining two at
the level close to 0.3. As for correlations between the composite sustainability indicator and each of its
dimensions, it was the highest for the economic sub-indicator (0.82).



Sustainability 2018, 10, 4629 11 of 23

Table 4. R-Pearson correlation coefficients of sustainability dimensions’ indicators (N = 601).

Dimensions of
Sustainability Parameters

Dimensions of Sustainability

Agri-Environmental Social Economic Composite

Agri-environmental
r(X.Y) 1 0.12 0.27 0.67
test–t – 2.9197 6.94 22.05

p-value – 0.0036 0.0000 0.0000

Social
r(X.Y) – 1 0.32 0.59
test–t – – 8.38 17.93

p-value – – 0.0000 0.0000

Economic
r(X.Y) – – 1 0.82
test–t – – – 35.63

p-value – – – 0.0000

Composite r(X,Y) – – – 1

Source: own research.

The complexity of the sustainability concept suggests that the relationships between indicators
for specified dimensions may be affected by the others variables. In order to eliminate this potential
influence, we have calculated partial correlations, which allow us to observe “pure” relations between
two parameters after eliminating the aggregated influence of other dimensions of sustainability.
The partial correlation coefficients were visibly higher than the previous ones, and—what is even
more interesting—they were negative (Table 5). This suggests that a higher level of one dimension
indicator is followed by a lower level of another. The highest correlation was visible between economic
and environmental dimensions (−0.66), followed by the correlation between social and economic
dimensions (−0.46). All were statistically significant at p = 0.05. This means that we can observe
dependencies such as “profitable, but at the cost of the natural environment”, or “profitable, but at the
cost of private life”, etc. Of course, in practice such relations are modified by other variables, but we
should be aware of these dependencies while discussing the problems of sustainability.

Table 5. Partial correlations between indicators of sustainability dimensions (impact of aggregated
dimension controlled).

Dimension of
Sustainability Parameters

Dimension of Sustainability

Agri-Environmental Social Economic

Agri-environmental
r(X,Y) 1 −0.46 −0.66
test–t – −12.75 −21.64

p-value – 0.0000 0.0000

Social
r(X,Y) – 1 −0.35
test–t – – −9.35

p-value – – 0.0000

Economic
r(X,Y) – – 1
test–t – – –

p-value – – –

Source: own research.

4.2. Multiple Correspondence Analysis (MCA)

Table 6 presents the Burt matrix containing the sustainability dimensions. We can see that among
188 farmers characterized by a high level of environmental sustainability, only 56 scored high in the
economic dimension, and only 43 in the social dimension. Moreover, only 65 reached the highest
level of the aggregate indicator. Simultaneously, out of 105 farmers characterized by a high level of
the economic dimension, only 56 reached a high level of the environmental indicator, and 30 of the
social indicator. It is worth noting that it was much more probable to reach a medium level of more
than one dimension, than in the case of a high one. For example, among 409 farms characterized by a
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medium level of the economic dimension, as many as 85% were characterized by a medium level of
the social dimension, and 70% in the environmental dimension. We can also see that medium level of
sustainability in sub-indicators was quite often followed by a medium level of the composite indicator.
It can be concluded that for the farmers who are characterized by a medium level of any sub-indicator,
it is not too difficult to keep the remaining sub-dimensions at a medium level. Generally speaking,
a high level of an indicator in one sub-dimension is followed by lower level of indicator in the other,
which confirms the conclusions derived from the analysis of partial correlations.

Table 6. Burt Matrix for analysed categories of sustainability indexes (numbers in the matrix indicate
the number of farms in each of the categories).

Indicators of
Sustainability
Dimensions

Values of
Indicators

Indicators of Sustainability Dimensions

Environmental Economic Social Composite

Values of indicators: L—low, M—medium, H—high

L M H L M H M H L M H

Environmental
L 9 0 0 2 7 0 8 1 1 8 0
M 0 404 0 69 286 49 350 54 0 391 13
H 0 0 188 16 116 56 145 43 0 123 65

Economic
L 2 69 16 87 0 0 80 7 1 86 0
M 7 286 116 0 409 0 348 61 0 386 23
H 0 49 56 0 0 105 75 30 0 50 55

Social
M 8 350 145 80 348 75 503 0 1 462 40
H 1 54 43 7 61 30 0 98 0 60 38

Composite
L 1 0 0 1 0 0 1 0 1 0 0
M 8 391 123 86 386 50 462 60 0 522 0
H 0 13 65 0 23 55 40 38 0 0 78

Source: own research.

The analysis of the Burt matrix can be complemented by two-dimensional or three-dimensional
graphs, with the use of a method described by [114]. The correspondence analysis revealed that
we will cover 100% of data variability (in this method called “inertia”, which can be seen as the
equivalent of variance) if we use a seven-dimensional system (Appendix A). However, a much
more intuitive three-dimensional system covers as much as 60% of inertia, which seems satisfactory.
The three-dimensional graph being the result of the correspondence analysis (Figure A1 in Appendix B)
is rather difficult to interpret, but it contains at least two distinguishable groups of objects. This suggests
some relationship between the sustainability dimensions. For instance, low levels of the environmental,
economic and composite dimensions are situated relatively far from the other ones, which means that
a low level of these indicators is not connected with a low level of the other indicators. In practice it
means that a farm that has low level of sustainability in terms of economic results does not necessarily
receive a low grade in the environmental dimension, etc. In order to make the analysis clearer, we have
presented the data in three two-dimensional graphs (Figures A2–A4 in Appendix B).

The analysis of relationships between dimensions 1 and 2 reveals (Figure A2 in Appendix B) that
points marking medium levels of sustainability are situated close to each other. It suggests that a
medium level of any of the sustainability indicators is in line with a medium level of the remaining
indicators. The points showing high or low levels of the composite indicator are clearly far from the
rest. Similar conclusions can be drawn from the analysis of Figures A3 and A4 (Appendix B).

Detailed information concerning coordinates of particular points, as well as the parameters
describing their contributions to inertia, are presented in Table 7. Most of the points are well
represented, only Social M (medium) and Social H (high) are of lower quality. Generally speaking,
the original relationships between the levels of sustainability dimensions are reflected in the coordinate
system at acceptable levels.
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Table 7. Coordinates and contributions to inertia (judging the quality of a solution). (Detailed
explanations of the parameters given in this table can be found at the websiteof statsoft [116]).

Name of the Point

Coordinates

Mass Quality Relative
Inertia

Inertia

Dimension Dimension

1 2 3 1 2 3

Environmental:M −0.41 0.17 −0.1 0.17 0.43 0.05 0.06 0.01 0.01
Environmental:L −0.97 −6.31 2.13 0 0.69 0.14 0.01 0.44 0.07
Environmental:H 0.94 −0.06 0.12 0.08 0.41 0.1 0.14 0 0

Social:M −0.23 0.01 −0.08 0.21 0.29 0.02 0.02 0 0.01
Social:H 1.16 −0.05 0.4 0.04 0.29 0.12 0.11 0 0.03

Economic:M −0.26 0.14 0.58 0.17 0.91 0.05 0.02 0.01 0.23
Economic:L −0.67 −0.52 −2.04 0.04 0.83 0.12 0.03 0.03 0.6
Economic:H 1.56 −0.1 −0.58 0.04 0.59 0.12 0.22 0 0.06

Composite:M −0.33 0.07 0.03 0.22 0.77 0.02 0.05 0 0
Composite:L −1.93 −19.94 0.22 0 0.67 0.14 0 0.49 0
Composite:H 2.26 −0.2 −0.18 0.03 0.77 0.12 0.34 0 0

Source: own calculations.

The results of the correspondence analysis suggest that medium values of the sustainability indices
are usually quite strongly connected with each other, and the relationships between high levels of the
indices are much weaker. It suggests that in the case of a high level of one sustainability dimension
there is a competition between sustainability goals. The goals can be achieved simultaneously at the
medium level of fulfilling the sustainability ideal (which seems true for most of the farmers). Relatively
few farmers are able to reach high level of sustainability in all of the dimensions simultaneously.

5. Discussion

Since the Brundtlant report [1] was published, scholars have continued to discuss the sustainability
concept, and the problem of implementation and evaluation of sustainable agriculture is a
fundamental challenge for agricultural research, practice, and policy [115]. According to the European
Commission [95], there are interdependencies and synergies between environmental, social and
economic objectives, “however they are not always mutually supportive; they even can compete with each other”.
Such relations are typical for the model of economic development implemented since the industrial
revolution, where economic growth is reached at the cost of the natural environment [12,117,118].
Rage against exploiting the natural environment was in fact the groundwork of developing the
sustainable development concept [20,119], as well as the “green revolution”.

The results of the correspondence analysis described above reveal that there is competition
between some of the sustainability components. Farms that reached a medium level of at least
one sustainability dimension quite often reached medium levels in the remaining dimensions.
This suggests the existence of some balance between the dimensions, which is good information.
However, it concerns only the medium level of sustainability. The bad news is that it is very rare
for farms characterized by a high level of sustainability in one dimension to reach high levels in
any of the remaining dimensions. The practical meaning of these findings is that reaching the
sustainability goals in all dimensions simultaneously is very difficult, because there is a competition
or even conflict between them [120]. This confirms earlier findings of this issue in fields other than
agriculture [9,121–123].

As for agriculture, according to the best knowledge of the authors there was no similar research
published, however, we can look for some analogies in the existing body of literature. Basing on the
example of Ireland, Dillon et al. [92] suggested that there is a potential conflict between economic
and environmental dimensions of sustainability; according to their observations, the more intensive
milk production caused higher pollution. In general, it is quite often assumed that there is a negative
relationship between farm size and environment but, according to Matthews [124] (p. 9), that relations,
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if it exists, is indirect rather than direct (“Environmental impact is determined by land use intensity, and the
presumption is that larger farms make more intensive use of their land, and thus leave a larger environmental
‘footprint’ than do smaller farms”).

Nevertheless, some authors reveal that some of the sustainability dimensions are convergent.
According to research carried out among farmers in Kansas by Norman et al. [125], the prevailing
attitude among the farmers was that all three components of sustainability had to be pursued
at the same time, if progress was to be achieved. Piedra-Muñoz et al. 2016 [5] assessed the
relationships between farm sustainability and profit in a Spanish region. According to them, there is
no inherent contradiction between improving profit and improving sustainability. However, the role
of social and cultural context should be underlined—according to Galdeano-Gómez et al. [75],
the social influence may be relevant in both environmental and economic terms, particularly in
agriculture (family farms) where productive structures are linked with social structures. In another
publication, Galdeano-Gómez et al. [97] showed that changes in particular sustainability components
in the analysed region coincided with the changes in farmers’ awareness. These authors stressed
the importance of the sustainability of agricultural systems and of the synergy effects between
“productivity, economic objectives and ecological intensification”.

Positive relationships between farm profit, on one hand, and social and economic sustainability,
on the other, was found by Torres et al. [98], who researched organic farmers. Lately, interesting
analyses concerning relationships between various sustainability components were carried out by
Galdeano-Gómez et al. [96]. They analysed the changes with time of the sustainability components in
the southeast of Spain. They found positive crossed effects among various environmental, economic
and social components. The results revealed that the reduction of pressures on natural resources
were positively linked with the improvement of economic and social indicators. They also observed
that an increase in the economic indicators can be observed along with an improved social index,
better resources management, and reduction of pressures on the environment.

Due to the differences in the results, it is interesting to quote an in-depth literature review by
Mazzi et al. [126]. They analysed papers published in scientific journals between 2000 and 2015,
concerning the direction of the relationship between the environmental and business performances
of enterprises from various fields. It was concluded that it is not possible to find an answer to the
“Porter-Wagner dilemma” (is the environment a “strategic competitive factor”, as in the “Porter point
of view”, or is it a “luxury good”, as in the “Wagner point of view”?). The main reason for the unclear
results was—according to Mazzi et al. [126]—the adoption of different indicators, which could not be
overcome even by rigorous methods of analysis. It seems that clear and comparable results can be
obtained only with the use of universal indicators.

6. Conclusions and Policy Implications

The authors of this paper made an attempt to assess relationships between the sustainability
dimensions at a farm level. Simple correlation analysis revealed significant but low positive correlations
between sustainability dimensions. However, partial correlations gave the opposite results—relatively
strong negative correlations between sustainability dimensions. We can interpret these results as
an existence of competition between sustainability goals, which seems logical: better economic
results can be obtained at the cost of environmental pressure, or the level of stress. The correlation
analysis was followed by multiple correspondence analysis. It revealed that farms characterized by a
medium level of sustainability in one dimension usually achieved medium levels in other dimensions,
while farms characterized by a high level of one dimension were less likely to reach a high level in any
other dimension.

The results suggest that in practice it is difficult to realise the sustainable development paradigm
in all the dimensions at one time, even though it is desirable to do it. Nowadays, it is one of the
biggest challenges for the common agricultural policy (CAP). It seems that, despite the fact that the
sustainability goals were not explicitly mentioned in the first CAP documents, some of the ideas were
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already visible in the first phases of CAP creation. Dillon et al. [92] (p. 8) underline that “the concepts
of economic and social sustainability essentially underpinned the creation of the CAP in the 1960s through its
objectives of sustaining an adequate standard of living and a secure food supply”. However, the scholars’
and policymakers’ awareness of the problem did not change the practice to a satisfactory extent. It is
undisputable that farms should be profitable, however, this should be done with the respect to the
natural environment. It seems that this is still a challenge.

The policy-makers are aware of complex interdependencies between the sustainability
components, because the European Commission [95] (p. 3) has underlined that “economic, social
and environmental objectives can to a certain degree develop synergies. However, they are not always mutually
supportive; they even can compete with each other. Where this is the case, the concept of sustainability refers to
the need to strike the right balance between its three elements. Political choices concerning one out of these three
elements must at least ensure that certain minimum standards with respect to the other two are observed”.

According to the results of this research, a model of keeping balance between the sustainability
dimensions can be observed in practice. Most of the farmers who reached a medium level of
sustainability in one dimension did so also in the remaining ones, which means that a certain
minimum was fulfilled in all the dimensions. Much higher differences were observed if one of
the dimensions was on a high level, which suggests certain competition between the sustainability
goals. In practice it means that reaching a high level in all the sustainability dimensions is quite a
challenge. It seems especially important when discussing future CAP reforms that express the need for
sustainable development [127]. We can assume that in present conditions (at least in Poland) reaching
sustainability goals in all the dimensions is not an easy task.
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Appendix A

Table A1. Singular values, eigenvalues and percentage of inertia explained in the correspondence analysis.

No. of
Dimensions Singular Value Eigen-Values Perc. of Inertia

Cumulative
Percentages of

Inertia
Chi Squares

1 0.700700 0.490980 28.05599 28.0560 1454.479
2 0.579293 0.335580 19.17603 47.2320 994.123
3 0.502650 0.252657 14.43754 61.6696 748.471
4 0.471532 0.222343 12.70530 74.3749 658.668
5 0.437204 0.191147 10.92271 85.2976 566.255
6 0.405301 0.164269 9.38677 94.6843 486.629
7 0.304999 0.093024 5.31567 100.0000 275.575

Source: own calculations.
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