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Abstract: The economic sustainability of agricultural production is a crucial concern for most farmers,
especially for pig producers who face dynamic changes in the market. Approaches for economic
sustainability assessment found in the literature are mainly focused on the short-term economic
viability of the farm and rarely take a long-term perspective. In this paper, we propose and test
a new, innovative assessment and aggregation method, which brings about a broader view on
more long-term aspects of economic sustainability. This wider view on economic sustainability, in
addition to classical concepts such as technical efficiency, labor productivity, and farm profitability,
incorporates the assessment of the levels of entrepreneurship, risk management, and the resilience
of the invested resources. All indicators were scaled and aggregated using scaling and weighting
procedures proposed by experts into subthemes and themes. The methodology was tested on a
sample of 131 pig farms located in 6 EU countries: Germany, Italy, the Netherlands, Poland, Finland,
and Austria. We hypothesized that closed-cycle farms might be economically more sustainable than
those farms that are specialized in pig breeding or finishing. The results showed that closed-cycle
farms do indeed have advantages in terms of raising healthy animals and having slightly better
overall resilience of resources, however specialized breeding and finishing farms appeared to be
more sustainable in the areas of profitability, risk management, and reproductive efficiency. Our
approach supports evidence-based economic sustainability assessments of pig farms and provides a
tool that can be used for economic sustainability improvement strategies for farms.

Keywords: aggregated assessment; economic sustainability; entrepreneurship; pig production;
resilience; risk management; technical performance

1. Introduction

The Amsterdam Treaty (1997) introduced the concept of sustainable development
as a core objective of the European Union [1]. In 2001, the EU published its Sustainable
Development Strategy [2]. Since then, sustainable development has been a key objective
for all European Community policies. The concept of sustainable development is based
on the definition set in the Brundtland Report, and is defined as “development that meets
the needs of the present without compromising the ability of future generations to meet
their own needs” [3]. The impacts of agriculture on the environment and exploitation
of natural resources is an important concern in the EU countries, particularly within the
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context of agricultural policy reform and the abovementioned sustainable development
objectives. The basic challenge for agriculture is to produce food efficiently, profitably,
and safely, and to meet growing food demands without exploitation of natural resources
and the environment. In this context, sustainability assessments of pig farms have gained
increased attention in recent years, especially in relation to sustainable meat consump-
tion [4], precision feeding causing lower emissions [5,6], development towards sustainable
intensification versus extensification of production in the context of climate change [7],
and the possible sustainable use of animal residues in biogas production [8–10]. Different
pillars of sustainable development can be measured, such as the environmental, social, and
economic aspects, with the objective of providing a holistic assessment. In this paper, we
specifically address the economic pillar of the sustainability of pig farms, which assumes
that farms should remain economically viable in the long term [3]. Without the ability to
deliver a stable and rewarding income, farmers would not be able to deliver their essential
services to society or preserve the environment and natural resources.

For many reasons the assessment of the economic sustainability of pig farms is a
complex exercise, as many contrasting factors play significant roles. The technical, eco-
nomic, and institutional environments are characterized by, among others, price volatility,
environmental constraints, increasing animal welfare requirements, and weak bargaining
power in the supply chain, creating continuous challenges for pig farmers. Convention-
ally, the economic sustainability of pig farms has been measured by means of a series of
technical parameters of the performance of sows and finishing pigs and by the evaluation
of costs and revenues, which result in the calculations of gross margins, net profits, and
returns on labor and equity. Many public and private accountancy systems operate with
similar methodological approaches (for example the Farm Accountancy Data Network
funded by the EU). International comparisons are facilitated by the InterPIG network
and Agribenchmark Pig, which benchmark either the national average economic results
of pig farming or appraise typical representative pig farms in different countries of the
world [11,12]. Economic sustainability is also a subject of assessment within more complex
tools and methodologies, used for integrative analysis of multiple pillars of sustainabil-
ity. Examples of such assessment systems are the Sustainability Assessment of Food and
Agriculture (SAFA) systems [13], Indicateurs de Durabilité des Exploitations Agricoles
(IDEA) [14], Monitoring Tool for Aggregated Farm Sustainability (MOTIFS) [15,16], Sus-
tainability Assessment of Farming and the Environment (SAFE) [17], Response Inducing
Sustainability Evaluation (RISE) [18]. However, the economic pillars of assessment within
these methodologies are mainly focused on the short-term viability of farms and rarely
take a long-term perspective.

This paper extends the concept of the assessment of the economic pillar of sustainabil-
ity to include a longer term perspective. The quality of entrepreneurship, the level of risk
management, the profitability of invested resources, and the capacity to adapt to sudden
changes in the environment and upcoming diseases are essential for resilient pig farms of
the future in order to be able to meet the changing requirements of consumers and society.
In order to assess the overall economic sustainability, an evaluation needs to include the
ability of pig farmers to innovate or to cover possible risks of the market and in animal
health management. This paper presents a focus on a methodology that goes beyond the
classical assessments of economic pillars of the sustainability of pig farms and proposes
to integrate short-term farm viability with a long-term farm resilience perspective. We
propose and test a new, innovative assessment and aggregation method. The methodology
was tested on a sample of 131 pig farms located in 6 EU countries: Germany, Italy, the
Netherlands, Poland, Finland, and Austria. An extended economic data protocol based
on the new methodology was applied to these pig farms. When testing our methodology,
the hypothesis that closed-cycle farms are more economically sustainable than those farms
that are either specialized in piglet production (breeding) or in growing–finishing pigs
was investigated. We assumed that closed-cycle farms have advantages in terms of raising
healthier animals, due to having their own piglet production systems. Additionally, they
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are not exposed to the spot price variations for piglets that affect specialist breeding farms
and finishing farms. Instead, their market price risks are largely confined to the sales
value of their slaughter pigs. To the best of our knowledge, such comparisons have not
been carried out for different pig farm types. Our hypothesis was based on discussions
with experts during stakeholder workshops and our own observations based on the Farm
Accountancy Data Network data and the InterPIG network.

2. Literature Review

The economic sustainability of agricultural production is a crucial concern for most
farmers [19]. According to De Roest, Ferrari, and Knickel [20], “modern” farmers put
farm revenues and profitability above other objectives. The financial result of agricultural
production is a primary condition for farm survival over time [21]. For this reason, the
traditional approach for assessing the economic pillar of farm sustainability is based on a
set of commonly used indicators, which refer to a farm’s profitability [13,18,22]. There is a
common agreement that economic indicators are related to a relatively limited number of
themes, such as the profitability and productivity of resources. The economic indicators
are quantitative, expressed in monetary terms [14,23], and used by pig farmers to improve
their management. The estimation of those economic indicators is smooth, transparent,
and objective; however, these indicators were not initially developed to measure economic
sustainability [24].

Many approaches for assessment of the economic pillars of the sustainability of farms
are found in the literature. Some of the assessment indicators are focused on “short-term”
sustainability, while others take a more long-term perspective of the economic viability
of the farm into account. In the next section, we will analyze the importance of these
different perspectives.

One of the basic economic assessment indicators is profitability, which commonly is
the difference between the value of goods and services produced and the costs of resources
used in their production [25]. Often as an indicator for profitability, authors use the net farm
income [22,26–28], while others suggest using the gross margin, calculated as the difference
between revenue and operational costs as a measure of profitability [29,30]. Many studies
have attempted to review factors that influence farm profitability, and thereby impact on
farm economic sustainability. Tey and Brindal [31] mentioned several factors covering
financial capacity, farm management and skills, farm resource quality, and farm operation.
The important finding of this analysis was that at the operational scale, efficiency and
output prices have positive impacts on earnings.

Pannell and Glenn [32] stress the importance of a sound conceptual framework to
underpin the choice of economic sustainability indicators. They argue that the utility of
sustainability indicators relates to their value as an input for better managerial decision-
making. Technical performance indicators concerning feed efficiency, animal health, and
fecundity are crucial because of their accepted contributions to financial performance in
pig production.

Technical performance is a pivotal driver of productivity and profitability in agricul-
ture [33]. This is especially true in pig production systems, where slender profit margins
elevate the need for farmers to maximise technical performance in order to maintain com-
petitiveness. The most important technical performance metrics include feed conversion
ratios, reproductive performance benchmarks, and herd health indicators. Boland and
Patrick [34] noted that feed efficiency and the number of pigs sold yearly per sow had the
largest impacts on returns from labor and management in closed-cycle pig farms in the
USA. Other studies have quantified strong correlations between technical and economic
performance [35–37]. Jack [38] emphasized that performance benchmarking is a motivator
that can encourage farmers to make sustainable changes in their business. Technical perfor-
mance measures often provide leading indicators, defining focus areas for continuous man-
agerial control, such as feed efficiency, reproduction parameters, and healthiness of animals.
Healthier animals require less veterinary treatment, resulting in lower veterinary costs and
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lost production, while also reducing the risk of meat contamination with drug residues in
meat products for the final consumer [39]. Studies related to pig production have typically
used aggregated measures comprising overall input or output efficiencies derived using
data envelopment analysis (DEA) or stochastic frontier methods. Notable examples include
Asmild and Hougaard [40], Labajova et al. [41], Galanopoulos et al. [42], Oude Lansink
and Reinhard [43], Latruffe et al. [44], Piot-Lepetit and Vermersch [45], Sharma et al. [46,47],
Tonsor and Featherstone [48], Henningsen et al. [49], and Heshmati et al. [50]. These papers
reveal the variations in technical performance among pig farms and the potential benefits
to farms from improving resource-use efficiency.

Recent research on economic sustainability indicators has tended to prioritise higher-
level financial metrics rather than more granular technical efficiency parameters. For
example, Ilari-Antoine et al. [51] and Zahm et al. [14] define economic efficiency as operat-
ing expenses related to production value. Hennessy et al. [30] and Ryan at al. [52] include
labor productivity (defined as farm income as per unpaid labor unit) and land productivity
(gross output per hectare) as economic sustainability indicators.

Labor costs are a relevant cost factor in pig production, representing about 8–9% of the
total production costs in European countries [11]. The labor input per sow or per slaughter
pig varies largely among farms and among countries. For example, the average labor input
varies from 4.9 h per ton carcass weight on a closed-cycle farm in the Netherlands to 24.8 h
in Hungary.

Hoste [11] states that high labor market wage rates typically result in lower labor
inputs, as expensive labor stimulates efficiency. He also found a clear negative relationship
between farm size and labor input per sow or per produced slaughter pig.

According to Hoste and Benus (in press), farm size on Dutch pig farms explained
21% of the variation in labor input per animal on breeding farms and 46% on growing–
finishing farms. Hoste and Wisman [53] analyzed the bandwidths of labor input per raised
piglet on breeding farms, ranging from 0.16 to 0.49 h per piglet (0.3 on average), and on
growing–finishing farms, ranging from 0.21 to 0.65 h per produced slaughter pig (0.36 on
average). Zonderland [54] analyzed factors related to high labor productivity on breeding
farms. He found a large variation in labor input in the farrowing rooms on the breeding
farms, ranging from 26 to 64% of the total labor input on those farms. Within the farrowing
rooms, piglet-related activities took the largest share of time (23%), followed by daily
control of feed intake and health of the sows (15%). Commandeur [55] studied pig farming
styles and differentiated, among others, between entrepreneurs, typically increasing labor
productivity through scaling up, and craftsman, who typically increase labor productivity
through intensification.

Until now, we have analyzed a traditional approach to the assessment of the eco-
nomic pillar of sustainability. A broader view, which we propose in our methodology,
incorporates the levels of entrepreneurship, risk management, and the resilience of the
invested resources into the economic pillar of sustainability. These longer-term aspects
were raised by experts and stakeholders during the workshops organized as a part of
the SusPigSys project as those that should be considered in the assessment of economic
pillars of farm sustainability. They are also proposed by FAO-SAFA guidelines under
the economic resilience indicators for farm sustainability assessment [13]. The core of
entrepreneurship is taking responsibility for and making decisions that affect the location,
form, and use of the goods and resources of a business [56]. These decisions result among
others in the bargaining position of farmers versus their contractors, which depend not
only on the classical factors such as resources, quality attributes, and scales of operation
or location, but also on qualitative determinants as relationships, both vertically within
the chain, as well horizontally with other farmers [57,58]. The issue of farmers’ power in
the agri-food chain is widely discussed [59–61]. It is frequently emphasized that farmers
(especially small ones) are usually poorly capitalized, and thus have limited bargaining
power. Woohyun et al. [62] underline that when experiencing internal scarcity of strategic
resources, farmers have to rely also on external resources to perform. Actors involved in
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a business relationship will search for ways to obtain the best terms of trade from their
contractors, thus we may suppose that their efforts will focus on getting the most favorable
contract conditions [63,64]. As suggested by approaches drawing on transaction costs and
property rights theory, exercising power in the supply chain depends on the substitutability
of contractors (see, e.g., [65]). Following this approach, in our economic sustainability
assessment, we assume that a farm’s dependence on its buyers or suppliers increases if
the farm is facing difficulty in finding alternative buyers or suppliers [57,58]. Since many
authors [57,62,66] have shown that a company with greater power tends to exercise its
power to achieve higher performance (extra financial gains, better prices), we may assume
that farms experiencing higher bargaining position in the supply chain, and thus potentially
performing, better are more economically sustainable than farmers with lower positions in
the chain.

Farmers are relatively small players compared to other companies in the supply chain
with limited bargaining power. Therefore, farmers often cooperate, both horizontally (with
other farmers) and vertically (with suppliers or processors). Bijman [67] mentions certain
following characteristics of horizontal cooperation, namely democratic decision-making,
collective ownership, pooled interdependence, coordination by standardization, and ho-
mogeneous member interests. One reason for cooperative sales is the need to countervail
power vis-a-vis the next stage in the supply chain, as products are perishable, placing time
pressure on bargaining processes [68]. However, the advantages of horizontal cooperation
are manifold: sales guarantees resulting in stable market relationships; economic benefits
due to higher sales prices, cheaper inputs, and lower transaction costs as consequences
of economies of scale and improved purchasing and bargaining power; greater access to
credit; improving production standards; dissemination of new technologies [67,69–71].

The ability to cooperate is a major factor determining the competitiveness of com-
panies [71]. Horizontal and vertical cooperation is interlinked, as farmers’ cooperatives
also hold advantages for players downstream in the supply chain, “as they coordinate
the supply of large volumes of products of homogeneous quality” [67]. The institutional
development towards both horizontal and vertical cooperation of farmers is interlinked.
Biro et al. [71] found that due to a low level of horizontal cooperation in Hungary, vertical
cooperation is stimulated, which in turn decreases the development potential of horizontal
cooperation in Hungary.

Risk management has an increasingly important role in competitive pig production
networks. While looking for efficiency gains through increasing specialization and the
scale of production, pig farmers enhance risk management through innovative contract
coordination mechanisms. The increased volatility of input and output prices can further
increase producer incentives to enter into risk-reducing and price-fixing coordination
contracts [72]. Previous results have indicated that farmers with higher risk aversion are
more likely to participate in production contracts, less likely to adopt new technology,
adopt technology later, and invest less in technology [72]. These findings jointly suggest
that contract terms that help alleviate credit constraints may be more effective at promoting
technology adoption [73].

Risk management may have relevant consequences for the efficiency of the production
process [74]. In an analysis of 278 pig fattening farms, pig farms with a low degree of
specialization achieved higher efficiency scores when output risk was explicitly accounted
for. By means of data envelope analysis, it was shown that an efficiency increase can be
ascertained in pig farms that belong to the lower classes of specialization. This result
contrasts with several other research findings demonstrating a positive correlation between
the degree of specialization and the technical efficiency of the production process. Risk-
averse pig farmers may be reluctant to invest or may invest later than those who are less
risk-averse [75].

Finally, the resilience of resources, which is related to the capacity to invest and
potential for innovation, is a highly relevant factor for the long-term economic sustainability
of pig farms [13]. Investment refers to the adaptive capability of farms [76], namely the
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allocation and use of farm resources to improve the farm performance at the governance,
environmental, social, or economic level. Without proper investment and innovation, it
is less probable that a farm will make significant progress and be sustainable in the long
term [13]. The resilience of farms, in general, can be understood as covering the buffer
capability, adaptive capability, and transformative capability [77], or in other words the
robustness, adaptability, and transformability [76]. The buffer capability denotes the ability
to assimilate a perturbation without substantial changes on the farm. Adaptive capability
implies changes that lead to the introduction of new technologies or the establishment
of new marketing channels. Transformative capability relates to the ability to implement
radical changes, the ability “to create untried beginnings from which to evolve a new way
of living” [78]. Meuwissen et al. [76] emphasize the synergies and trade-offs between these
three capacities. Translated into management of the pig farm, the buffer capacity refers to
the tactical management decisions taken during the year to cope with sudden drops in pig
prices or strong increases in feed prices. By delaying sales or by anticipating the purchase of
feed by creating buffer stocks, pig farmers may mitigate the effects of price shocks of inputs
and outputs. Adaptive capability directly relates to the strategic medium- or long-term
management of the pig farm. Examples are investments in innovative technologies, which
may either be triggered by new legislation, such as new free farrowing boxes or limits
on emissions on ammonia, or stimulated by the desire to improve labor productivity by
investing in automatic feeding systems. Transformative capability is inherent to the shift of
the pig farm to a completely new way of production. Radical changes are the conversion
to a new certification scheme, such as organic pig production, to an animal welfare label,
or to an environmental sustainability scheme [79]. Additionally, the deliberate decision
to diversify by introducing other new production lines is a part of the transformative
capability of the pig farm [20]. Hence, the economic resilience of pig farms can be enhanced
in different ways. In our approach, we decided to assess the extent to which the different
types of pig farms in Europe activate their adaptive capability and enhance the resilience
of their resources via innovativeness and investments.

3. Methodological Approach
3.1. Assessment of Economic Sustainability—From Indicators to Subthemes and Themes of
Economic Sustainability

For the quantitative assessment of the economic pillars of sustainability of pig farms,
a set of indicators was proposed. The selection of indicators was based on the extended
literature review (presented in Section 2), FAO-SAFA guidelines [13], and expert consul-
tation during stakeholder workshops organized within the framework of the SusPigSys
project. The assessment methodology development process was described in the project
report [80]. Six workshops with stakeholders were organized in 2019 (in Austria, Finland,
Germany, the Netherlands, Poland, United Kingdom), attended by over 80 farmers and
experts in the field of pig production. The indicators were adapted to the specifics of pig
production systems analysis to the extent necessary and grouped into specific subthemes
and themes related to different factor groups that influence both the short- and long-term
economic sustainability of farms (see Figure 1). General descriptions of the selected themes
and subthemes are presented in Table 1, whereas a specific list of indicators is given in
Table A1 in the Appendix A.

The two distinguished themes of economic sustainability assessment were “techni-
cal performance” and “economic resilience”. Each of those two themes included certain
subthemes relating to different areas that have an impact on the farm’s economic perfor-
mance. Each of the subthemes is represented by certain indicators, calculated using the
data collected at the farm level. The first theme of assessment is related to the technical
performance parameters of the farm. As indicated in the literature review, the technical
performance is very important in terms of the operational economics of the farm and forms
the backbone of short-term farm sustainability.
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Figure 1. General methodological approach taken to aggregate indicators into subthemes and themes of the economic
sustainability assessment. Source: Own elaboration.

Table 1. Indicators, subthemes, and themes of economic sustainability and relevance (+) for three different types of
pig farms.

Sustainability Theme: Technical Performance

Subthemes Indicators: Breeding Farms Finishing Farms Closed-Cycle

Feed Efficiency Feed conversion rate for finishing pigs + +

Reproductive Efficiency

Number of litters per sow + +

Number of piglets born per litter + +

Number of piglets weaned per litter + +

Number of piglets weaned per sow + +

Age of piglets at weaning + +

Weight of piglets at weaning + +

Health Management

Pre-weaning mortality rate + +

Sow mortality + +

Mortality rate finishing pigs + +

Veterinary costs per sow + +

Veterinary costs per finishing pig + +

Sustainability Theme: Economic Resilience

Subthemes Indicators: Breeding Farms Finishing Farms Closed-Cycle

Profitability

Gross margin over feed costs
per finishing pig + +

Gross margin over non-factor costs
per finishing pig + +

Gross margin over feed costs per sow + +

Gross margin over non-factor costs
per sow + +

Production non-factor costs per kg of pig meat + +
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Table 1. Cont.

Sustainability Theme: Economic Resilience

Subthemes Indicators: Breeding Farms Finishing Farms Closed-Cycle

Labor Productivity

Production Kg of pig meat per annual
working unit (AWU) + +

Number of sows per AWU + +

Number of finishing pigs per AWU + +

Entrepreneurship
Bargaining power in the chain + + +

Horizontal cooperation between farmers + + +

Risk Management

Degree of specialization + + +

Share (percentage) of rented land + + +

Share (percentage) of family labor + + +

Resilience of Resources

Degree of modernity + + +

Capital intensity + + +

Investment potential + + +

Innovation potential + + +

Source: Own elaboration.

Three subthemes of “technical performance” were analyzed: “reproductive efficiency”,
“feed efficiency”, and “health management”.

The “reproductive efficiency” assessment was performed in breeding and closed-cycle
farms and referred to the breeding parameters described in Table 1. The “feed efficiency”
assessment was performed on all types of farms, including breeding, finishing, and closed-
cycle farms, and was based on parameters related to the quantity of feed being used to
produce meat. Herein, we use the feed conversion rate, which is the quantity of feed in kg
necessary to produce one kg of pig meat. An important indicator of efficiency is also the
average daily gain, which is influenced by the feeding strategy and the genetics the farmer
is using. The third subtheme of assessment of the “technical performance” is “health
management”. This refers to the main pig mortality parameters, namely pre-weaning
mortality, mortality of sows and finishers (post-weaning mortality was also included in
the methodology, however due to the lack of reliable data on this parameter and quite low
importance given by experts to this indicator in the integrative analysis, it was removed
from the protocol) and veterinary costs per pig, which reflect combined aspects of pig
health. Pig farms with low veterinary costs per sow or per finishing pigs will have optimal
external biosecurity facilities to prevent pathogens from entering the farm or pass from
one compartment to another compartment of the pig farms. These costs may also be low
due to good conditions for pig welfare, determined by good housing facilities, adequate
feeding, and good stockmanship.

The second assessment theme for economic sustainability is “economic resilience”.
As indicated in the literature review, economic resilience takes account of both short- and
long-term perspectives of farm performance. In order to stay in business, the farm has
to be able to overcome economic shocks such as sharp declines in pig prices, sudden
changes in interest rates, and steep increases in feed prices. The economic resilience of
pig farmers is enhanced by having strong entrepreneurial skills, maintaining sufficient
annual profitability levels, adopting effective risk management, attaining good levels of
labor productivity, and utilizing efficient pig housing systems. The farm has to have good
investment and innovation potential with acceptable debt rates.

Five subthemes of the “economic resilience” assessment were analyzed—two related
to a farm’s ability to generate profit, namely “profitability” and “labor productivity”, and
three related more to long-term farm sustainability aspects, namely “entrepreneurship”,
“risk management”, and “resilience of resources”. As indicated in Table 1, “profitability”
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refers to basic financial performance indicators of the farm, including gross margins, as
well as the costs per kg of meat. “Labor productivity” is based on the quantity of output
produced per unit of labor, which here we refer to as AWU. “Entrepreneurship” is based on
the evaluation of the farmer’s relations in the chain and ability for vertical and horizontal
cooperation; this assessment is based on four detailed questions (see Appendix A). “Risk
management” expresses the farmer’s exposure to different risks. Here, we base our assess-
ment on the reliance on the external production factors, such as land (rented) and labor
(external employment), as well as the farm specialization level, which affects its flexibility
in terms of adjustment to changes in the farming environment. The last subtheme of the
“economic resilience” assessment is “resilience of resources”. Here, a series of questions
relates to the degrees of farm modernity, capital intensity, investment, and innovation
potential, which all relate to the long-term sustainability perspective of the farm.

3.2. Weighting Procedures for Aggregated Assessment

In order to move from the level of economic indicators presented in Table 1 to the
level of subthemes, scaling and weighting procedures were applied (see Figure 1). The
aggregation procedure consisted of three stages:

1. Collected indicators were scaled by experts from the consortium based on the litera-
ture review and available data, in order to receive a common measure of assessment
(the scale ranged from 0% to 100%, where 100% was the best score for sustainability
assessment and 0% was the worst level; scaling parameters are presented in Table A1
in Appendix A);

2. A set of weights was applied in order to assess the contributions of certain detailed
indicators to certain subthemes of sustainability assessment (weights are presented in
Table A2 in Appendix A);

3. The subthemes were again weighted in order to assess the level of sustainability
within a certain theme (these weights are presented in Table 2).

Table 2. Weights used in aggregation of subthemes into themes of economic sustainability.

Themes Subthemes Breeding Farms Finishing Farms Closed-Cycle

TECHNICAL PERFORMACNE

Feed Efficiency - 54 38
Reproductive Efficiency 48 - 30

Health Management 52 46 32

Total 100 100 100

ECONOMIC RESILIENCE

Profitability 40 40 40
Labor Productivity 15 15 15
Entrepreneurship 10 10 10
Risk Management 20 20 20

Resilience of Resources 15 15 15

Total 100 100 100

Source: Own elaboration.

Both scaling (including defining the cut-off values) and weighting of indicators were
based on expert assessments and literature reviews. A Delphi-like [81,82] procedure was
used to identify weighting factors. The questionnaire was filled out by 11 experts (in the
field of pig production and farm economics) from 7 countries. Two rounds of consultations
were performed, where in the first round experts were asked to assess the weights based
on their personal knowledge. In the second round they were informed about the results
of the first round (averages) and could change their assessments accordingly, providing
justification for changes. The final weights applied for each level of indicators within
subthemes are reported in Table A2 in Appendix A, whereas weights used in aggregation
from subthemes to themes are reported in Table 2 below.
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3.3. Research Design—Selection of Farms and Protocols

The economic sustainability assessment was conducted in 6 countries: Germany,
Italy, The Netherlands, Poland, Finland, and Austria. Data collection for the main study
took place between June and December 2019 on 131 farms (see Table 3). Farms were
recruited via pig producer organizations, agricultural advisory boards, agricultural journal
announcements, and personal contacts. Data collection took 4–6 h, depending on the size
of farm.

Table 3. Number of farms in the sample per country and farm type.

Country Austria Finland Germany Italy The Netherlands Poland Total

Number of farms 25 7 25 24 25 25 131
Out of which:

Breeding 1 3 1 10 3 0 18
Closed-cycle 18 2 11 2 10 15 58

Finishing 6 2 13 12 12 10 55

Source: Own elaboration.

The farm selection was based on the analysis of the typical pig production systems
in each country. Based on interviews with pig production experts in each country and
desk research data analysis, 4–6 production systems were identified per country. The
systems were characterized by certain attributes, such as the production type (breeding,
finishing, closed-cycle), production system (conventional, organic, or other certified sys-
tem); husbandry system (indoor or outdoor), housing parameters (warm or cold, type of
flooring, type of feeding bedding, etc.), and other factors. Among the selected systems
were country-specific (typical) production systems (representing a large share of pig herd
in the country) and 2–3 niche systems. The sample of farms was selected in order to
cover all typical systems present in the country and to achieve a large variation of farm
characteristics to test the economic sustainability assessment method for a large variety of
scenarios. The aggregated results (scaled and weighted) can be compared in terms of the
level of sustainability of different farm types. Due to the sampling method described above,
country-level analyses were not possible. Non-parametric statistical tests (in Statistica 13.3)
were used to identify differences in the level of indicators for selected farm types. The
results of the evaluation indicated potential relationships that could be further analyzed in
more in-depth studies and in much larger samples, which would allow for the use of more
advanced statistical methods of analysis.

The data collection protocol was designed to assess overall farm sustainability consid-
ering four dimensions: economics, social acceptance, the environment, and animal welfare.
In this paper, we refer only to the results of the economic sustainability assessment. In
order to test the approach, a pilot survey was conducted, which took place between April
and November 2018 on 68 pilot farms in 7 European countries. Experiences from pilot data
collection and data analysis facilitated the development of a final version of the protocol,
which was used to collect data from the sample of 131 farms. The average breeding unit
size was 783 sows in specialized breeding farms vs. 169 sows in the closed-cycle farms.
The average size of a finishing unit was 1793 finishing places in the specialized finishing
farms vs. 1221 finishing places in the closed-cycle farms.

4. Results and Discussion of the Economic Sustainability of Pig Farms
4.1. Detailed Assessment Based on Indicators

The main results of the sustainability assessment at the indicator level are presented in
Table 4 and are discussed in the following sections. Based on the analysis of all indicators
broken down by farm type (breeding, finishing, closed-cycle,), the results are presented to
demonstrate the method of assessment, as well as the performance across all farm types.
Furthermore, a group of indicators is selected to test the working hypothesis concerning
farm type, as defined in the introduction.
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Table 4. Technical performance indicators across farm types (values and standard deviations).

Sustainability Theme: Technical Performance

Subthemes Indicators: Breeding Farms
(n = 18)

Finishing Farms
(n = 55)

Closed-Cycle
(n = 58)

Feed Efficiency Feed conversion rate finishing pigs (FCRfp) - 2.98
(0.47)

2.91
(0.52)

Reproductive Efficiency

Number of litters per sow ** 2.23
(0.21) - 2.15

(0.19)

Number of piglets born per litter *** 14.04
(1.27) - 12.56

(2.01)

Number of piglets weaned per litter *** 12.06
(1.28) - 10.73

(1.60)

Number of piglets weaned per sow *** 26.96
(4.19) - 23.31

(4.74)

Age of piglets at weaning (days) 28.0
(1.50) - 32.63

(9.64)

Weight of piglets at weaning (kg) *** 6.85
(0.41) - 9.17

(3.67)

Health Management

Pre-weaning mortality rate (%) 14.11
(5.18) - 13.84

(7.43)

Sow mortality (%) 6.60
(2.57) - 5.48

(4.34)

Mortality rate finishing pigs (%) *** 2.78
(1.36)

1.63
(1.44)

Veterinary costs per sow (€/sow) 130.46
(59.12) - 99.78

(71.28)

Veterinary costs per finished pig ***
(€/finished pig) - 2.13

(1.79)
1.17

(1.17)

Source: Own elaboration. Differences significant at the following levels: *** p < 0.01, ** p < 0.05.

4.1.1. Theme: Technical Performance

For the “technical performance” subthemes of “feed efficiency”, “reproductive effi-
ciency”, and “health management”, certain broad tendencies were apparent across the
systems (Table 4). Average feed conversion efficiencies were similar for finishing and
closed-cycle farms, however “health management” indicators were superior for the closed-
cycle farms. The lower average veterinary costs and mortality rates of finishing pigs in
the closed-cycle farms suggest that potentially due to having better biosecurity, the closed-
cycle system performs better, as no pigs have to be bought in. In contrast, the specialized
breeding farms showed superior performance for the “reproductive efficiency” indicators
compared to the closed-cycle farms. Specifically, the specialized breeding farms weaned
on average 3.7 (16%) more piglets per sow per year than the closed-cycle farms. This
advantage seems indicative of the capacity for specialized breeding farms to provide more
focused managerial attention to the reproductive efficiencies that underpin the competi-
tiveness of such system. Regarding the health indicators, the specialized breeding farms
had slightly higher average piglet and sow mortality and veterinary costs than closed-cycle
farms, however the differences appeared to relate to higher productivity per sow in the
specialized breeding units. Additionally, a higher weaning age might contribute to lower
veterinary costs. It has to be mentioned that in the group of closed-cycle farms, 13 organic
farms were included (22.4% out of 58 closed-cycle farms in total), whereas only 3 of the
specialized breeding farms were organic (16.7%), which also explains the higher average
weaning age and weight.
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4.1.2. Theme: Economic Resilience

“Profitability” and “labor productivity” subthemes: The “profitability” of pig farms
was measured by three indicators: gross margin over feed costs, gross margin over all
non-factor costs, and as production (non-factor) costs per kg of meat (Table 5). In our
assessment, the specialized breeding and finishing farms showed better profitability pa-
rameter results than closed-cycle farms. Regarding finishing farms versus the closed-cycle
farms, finishing farms showed higher gross margins of 10 percent points (pp.) over feed
costs as a percentage of turnover and 6 pp. lower production costs as a percentage of price,
leaving a larger space for profit margin. The better performance of finishing farms might
be related to the more efficient use of labor resources, which are important cost factors
in pig production. Only the gross margin over the non-factor costs was lower in the case
of finishing farms, due to the inclusion in the total costs of the purchase costs of piglets
(weaners), which are produced on the farm in the case of whole-cycle farms. Additionally,
specialized breeding units performed better than whole cycle farms, as measured by gross
margins. Despite the fact the gross margins were slightly lower in value, the relation to the
total turnover per sow was better for breeding farms.

Table 5. Economic resilience indicators across farm types.

Sustainability Theme: ECONOMIC RESILIENCE

Subthemes Indicators: Breeding Farms
(n = 18)

Finishing Farms
(n = 55)

Closed-Cycle
(n = 58)

Profitability

Gross margin over feed costs per finishing pig
(value €) ***

(as % of turnover for pig) ***
- 115.8€

58.6
92.3€
48.7

Gross margin over non-factor costs per finisher
(value €) ***

(as % of turnover per pig) ***
- 32.3€

13.8
63.4€
32.1

Gross margin over feed costs per sow
((value €)

(as % of turnover per sow)

1406.6€
58.5 - 1746.7€

50.1

Gross margin over non-factor costs
per sow (value €)

(as % of turnover per sow)

959.3€
39.1 - 1173.7€

31.7

Production (non-factor) costs per kg of pig meat
(deadweight) (value €)
(as % of price per kg) *

- 1.49€
84.0

1.56€
89.9

Labor Productivity

Production Kg of pig meat (deadweight) per
annual working unit (kg/AWU) ** - 347,474.9 257,072.4

Number of sows per AWU *** 138.4 - 87.4

Number of finishing pigs per AWU * - 3152.6 2538.4

Entrepreneurship

Bargaining power in the chain (0%=weak;
100%=strong) 49.3 42.5 36.4

Horizontal cooperation between farmers
(0%=weak; 100%=strong) 33.4 41.8 39.7

Risk Management

Degree of specialization—share of pigs in total
farm turnover (%) 88.1 79.4 84.9

Share of rented land (%) 36.7 31.2 41.7

Share of family labor (%) *** 38.4 79.0 81.6

Resilience of Resources

Degree of modernity—qualitative (%) 27.8 37.3 38.4

Capital intensity- qualitative (%) *** 36.1 53.6 53.9

Investment potential—qualitative (%) 58.3 58.0 64.4

Innovation potential—qualitative (%) 63.9 57.3 56.9

Source: Own elaboration. Significance levels: *** p < 0.01, ** p < 0.05, * p < 0.1.
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“Labor productivity” was higher on specialized finishing farms and specialized breed-
ing farms than on closed-cycle farms (Table 5). Pairwise comparison of specialized finishing
farms and closed-cycle farms showed 35% higher carcass weight produced per AWU and
24% higher number of finishers per AWU on average on the specialized farms. In special-
ized breeding farms, the number of sows per AWU was 58% higher than on closed-cycle
farms. Although it might be expected that labor efficiency would be higher on specialized
(sow and finishing) farms than on closed-cycle farms due to the larger number of different
tasks on the closed-cycle farms, another very likely explanation is farm size. Specialized
breeding farms had 783 sows while closed-cycle farms had 169 sows on average; special-
ized finishing farms had 1690 finishers present on the farm on average, but closed-cycle
farms had only 1044. Another potential explanation is the share of family labor, which is
obviously related to farm size as well, accounting for 82% on closed-cycle farms and 79%
on specialized finishing farms, but only 38% on specialized breeding farms. From the data
set, it cannot be concluded whether labor efficiency is significantly different on closed-cycle
farms than on specialized sow or finishing farms.

“Entrepreneurship”: Following the organizational economics approaches, in our
economic sustainability assessment, we assumed that a farm’s bargaining position in the
downstream supply chain increases if purchasers have difficulty finding alternatives for
the farm supplies (see literature review). With such an approach, we could control for the
broader determinants of farmers’ bargaining position, beyond scale or quality, to include
factors such as having personal contacts, the length of the relationship, and negotiating
skills. We also analyzed the subjective assessment of the farmers’ bargaining position,
asking them about their ability to influence the terms of the transactions. It turned out that
the highest bargaining position was attained by the specialized breeding farms, followed by
the finishing farms, however these differences were not statistically significant. In general,
this position was moderate in the case of breeding and finishing farms and low for the
closed-cycle farms (Table 5).

When it comes to horizontal cooperation, finishing farmers showed higher participa-
tion in producer groups (25%) (especially those oriented at joint sales) than closed-cycle
farmers (24% participation in purchase-oriented producer groups) or specialized breeding
farmers (20%). A larger volume of pigs for sale will lead to a stronger sales position. This
explains the higher participation of finishing farms in sales-oriented producer groups.
Sales of weaner pigs are typically more fragmented, with sales being made to traders or
directly to finishing farmers. Joint sales are not always beneficial. One difference was in the
shares of membership of purchase (feed, machinery)-oriented producer groups, whereby
closed-cycle farms showed the highest share of membership (34%), compared to breeding
(17%) and closed-cycle (20%) farms. Overall, the breeding farms in the data set were larger
(in economic terms) than the closed-cycle and specialized finishing farms; there, joining a
producer group might be less beneficial for them. Differences are also likely to be related to
farm size and national trade patterns.

“Risk management” was measured using three indicators: the degree of specialization,
the percentage of family labor, and the percentage rented land (Table 5). The degree of
specialization was calculated through the share of pig returns in the total returns of the
farm. It turned out that the pig finishing farms were slightly less specialized than the
breeding and closed-cycle farms. This may be attributed to the fact that finishing farms
are more exposed to the volatility of output prices than closed-cycle farms or breeder
farms. Pig finishing is also a less labor-intensive activity than breeding, which allows labor
resources to be allocated to the other activities, such as the production of crops and other
livestock. In several countries, pig finishing farms may also enter into contract farming to
reduce price risks.

The percentage of family labor heavily depends on the size of a farm in terms of the
number of pigs. The average size of the breeding farms of 783 sows requires much more
labor than a finishing farms, with an average size of 1793 finisher pigs. This explains
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the high reliance on paid labor on the breeder farms with respect to the finishing and
closed-cycle farms.

The “resilience of resources” was measured by means of a few questions related to the
age of the buildings and of the equipment, to the propensity to adopt new technologies
or management practices, and to the access to bank loans (Table 5). From the comparison
between the three farm types, it turned out that the closed-cycle farms had more up-to-date
equipment and buildings. Most likely this difference was due to the more complex facilities
in breeding farms with farrowing and gestation pens, which require continuous invest-
ments to comply with updated legislation in the fields of animal welfare and environmental
sustainability. Access to bank loans may also be easier for closed-cycle farms, facilitating
on-farm investment (and better investment potential). The access to capital of closed-cycle
farms may be attributed to their slightly higher level of diversification, as these farms may
sell both weaners and finishing pigs. In this way, these farms operating in two different
markets, which may allow higher economic resilience and lower risk and which may be
evaluated positively by credit institutes.

4.2. Aggregated Analysis: Scaling Indicators

After calculation of all assessment indicators, the results were scaled in order to receive
common measures of assessment. Scaled results are presented in Figures 2 and 3.

Figure 2. Results of economic sustainability assessment of the theme “technical performance” on the pig farms according
to scaled indicators (results of indicators recalculated to a scale ranging from 0% to 100%, where 100% is the highest
sustainability level and 0% is the lowest sustainability level. Source: Own calculations.
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Figure 3. Results of the economic sustainability assessment of the theme “resilience” on the pig farms according to scaled
indicators (results of indicators recalculated to a scale ranging from 0% to 100%, where 100% is the highest sustainability
level and 0% is the lowest sustainability level. Source: Own calculations.

The results for the scaled indicators show the level of sustainability for a given indi-
cator and can be compared between farm types. Figure 2 shows that within the theme
“technical performance”, farms achieve the highest sustainability level for the subtheme
“health management”, especially in the case of closed-cycle farms, where the majority of
indicators are above 50% sustainability. The highest sustainability score was recorded for
the mortality of finishing pigs at over 80% (“health management” subtheme) and for the
number of litters per sow was around 70% (“reproductive efficiency” subtheme). Figure 2
also shows the differences between the average results for each type of farm across the
individual indicators. As shown in Section 4.1, for four out of the six indicators of the
subtheme “reproductive efficiency”, specialized breeding farms had an advantage over
closed-cycle farms. In contrast, in the case of “health management”, closed-cycle farms
showed better results than both breeding and finishing farms.

Within the theme of “economic resilience”, the highest level of sustainability was
recorded for the subtheme “profitability”, where most of the farms achieved scores above
60% on average. The farms also achieved fairly high levels of economic sustainability in
the case of “risk-management”, especially in terms of managing their own land and using
their own labor resources. The highest level of economic sustainability was recorded for
gross margin per sow and finishing pig for farms specializing in breeding (above 96%) and
finishing (above 93%). The lowest level of the indicator was characteristic of the degree
of specialization, which was caused by the fact that most of the visited farms were highly
specialized, and thus associated with higher economic risk for the activity of these farms.
When making a comparison between the types of farms, it can be seen that the results for
individual indicators are very diverse and no general conclusions can be drawn as to the
differences between the farm types within the subthemes. In order to make more general
conclusions, an assessment must be based on a more aggregated approach (Figure 4).
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Figure 4. Results of the sustainability assessment of pig farms according to different subthemes and themes (weighted
results). Note: results of scaled indicators were weighted in order to integrate results to the subtheme level. Source:
Own calculations.

4.3. Aggregated Analysis: Aggregation of Scaled Indicators to Subthemes and Themes

After calculation of all scaled indicators (Figures 2 and 3), the results were further
aggregated to the levels of subthemes and themes. The approach was based on the two
weighting procedures performed by experts (as described in the methodology), first to
aggregate results from the scaled indicators to the subtheme level, then secondly from the
subtheme level to the theme result. The results of the aggregation process are presented in
Figures 4 and 5.

Figure 5. Spider web presenting the results of the economic sustainability assessment for different subthemes per farm type.
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As already noted at the level of scaled indicators within the theme “technical perfor-
mance”, after taking the weights into account, it was also observed that in the subtheme
of “reproductive efficiency”, specialized breeding farms had an advantage over closed-
cycle farms. In contrast, in the case of “health management”, closed-cycle farms had an
advantage compared to both breeding and finishing farms. It can also be noticed that
at the level of individual indicators in subthemes in the area of “economic resilience”, it
was not possible to notice a clear difference in favor of any of the farm types. However,
at the aggregated level it was possible to observe that specialized breeding farms had
an advantage over closed-cycle farms in three (“profitability“, “labor productivity“, “en-
trepreneurship“) out of 5 subthemes in this theme. However, finishing farms had a slight
advantage over closed-cycle farms in three (“labor productivity“, “entrepreneurship“, “risk
management“) out of 5 subthemes, while full-cycle farms have much better scores in the
areas of “profitability” and “resilience of resources”.

Finally, taking into account the weights from the second level of aggregation between
subthemes and themes, it can be seen that overall, our study farms represent an average
level of economic sustainability, scoring between 42 and 57% (Figure 4). In the case of the
theme “technical performance”, specialized finishing farms were characterized by a slightly
higher level of sustainability (56.2%), followed by closed-cycle farms (52.6%), whereas the
lower scores were registered for breeding farms (42.1%). In the case of the theme “economic
resilience”, a different situation was observed, where the highest level of sustainability was
achieved by specialized breeding farms (59.6%), followed by closed-cycle farms (49.1%),
then by finishing farms (44.1%). The reason was the high importance of the subtheme
“profitability” in the overall assessment of this theme (weight equal to 40%), as well as a
considerable variation in its assessment between individual types of farms. Outcomes of
the sustainability assessment for different subthemes per farm type can also be expressed
as a spider web (Figure 5), which is suggested as a method of feedback to farmers, which
can also include a comparison with other farms as a benchmark.

5. Discussion of Scientific Hypothesis

When we take an aggregated view of the economic sustainability, our results show, as
assumed by our hypothesis, that closed-cycle pig farms have advantages in terms of pro-
ducing healthier animals, due to having their own piglet production facilites and slightly
better overall “resilience of resources“. However, in opposition to our hypothesis, breeding
and finishing farms were more economically sustainable in the areas of “reproductive effi-
ciency“, “labor productivity“, “profitability, “risk management“, and “entrepreneurship“
(Figures 4 and 5).

In the area of “entrepreneurship“, the assessed bargaining position of pig farmers in
the food chain was moderate for breeding and finishing and low for the closed-cycle farms.
This confirms the general opinion about the weak position of farms in the supply chain,
as discussed in literature [57,59–61,83]. We also observed that as indicated by [57,62,66],
farms with stronger positions in the supply chain perform better than farmers with lower
positions in the chain. Indeed, in our study breeding and finishing farms showed better
profitability results than closed-cycle farms (they had higher gross margins as % of turnover,
higher labor productivity, and lower costs per kg of meat). The better performance of
finishing farms could be related to better utilization of labor, and in the case of breeding
units, better reproductive efficiency parameters than for closed-cycle farms. Purdy et al. [84]
noted that more specialized farms have an advantage of “improved strategic control” due
to being more focused in managerial contexts. They found a significant positive relationship
between specialization and mean financial performance in US pig production.

Little research is available on labor productivity on pig farms. This is likely related to
the fact that labor is predominantly an implicit cost due to the prevalence of family labor
on many farms. However, as farms grow over time, hired labor becomes more and more
relevant, and so does the importance of analyzing labor productivity. Unfortunately, labor
inputs in terms of hours per pig are not easily comparable, as tasks for different pig cate-
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gories differ in complexity (e.g., artificial insemination versus pen cleaning). Additionally,
farm layouts, levels of modernity, degrees of mechanization, and worker specifications
(such as age or level of responsibility) are different among farms. As farms show a large
variety of labor inputs [53], comparisons among farm types are even more complicated.
As farm sizes (and therefore shares of hired labor) were different among farm types in our
analysis, it is hard to draw conclusions on labor efficiency differences among farm types,
despite our results showing statistically significant differences among them. Therefore,
from a labor productivity point of view, the main hypothesis that closed-cycle farms are
assumed to be more economically sustainable than those farms who are involved in both
piglet production and growing–finishing cannot be supported.

Finishing farms in our sample are slightly less specialized compared to the other pig
farm types. Finishing requires less stockmanship skills than piglet production and is less
labor-intensive, and thus in such farms it is easier to manage other production activities
aside from pig production. In contrast with other findings [74], these less specialized pig
farms did not show higher technical performance than the more specialized farms, such as
the closed-cycle farms. Regarding the adaptive capability [77], the closed-cycle farms are
more resilient.

6. Conclusions

The assessment of the economic sustainability of pig farms is a complex problem,
since many different factors influence the economic performance of a farm in the short and
long run. Many systems and tools have been put in place, however such methodologies
are mainly focused on short-term farm viability. Our methodology, which goes beyond the
classical assessments of the economic pillars of sustainability of pig farms and proposes the
integration of short-term farm performance with long-term farm resilience perspectives,
seems to be useful. In our opinion, aggregated economic sustainability assessments should
include several groups of indicators, capturing both short- and long-term time horizons,
and reflecting technical farm performance (e.g., feed efficiency, health management, and
reproductive efficiency), as well as economic farm resilience aspects (profitability, labor
productivity, entrepreneurship, risk management, and resilience of resources). In the
aggregation process for the “technical performance” theme, all three analyzed subthemes
almost equally contributed to the aggregated sustainability results, whereas in cases of
economic resilience, experts emphasized the roles of profitability and risk management as
the most important elements in determining economic farm sustainability.

As a part of the test for the newly developed methodological approach, the hypothesis
that closed-cycle farms might be more economically sustainable than those farms that
are specialized in piglet production (breeding) or growing–finishing was tested. The
results showed that closed-cycle farms do indeed have advantages in terms of raising
healthy animals and having slightly better overall resilience of resources, however breeding
and finishing farms appeared to be more sustainable in the areas of profitability, risk
management, and reproductive efficiency. Thus, our hypothesis was not fully confirmed
and requires further investigation.

When interpreting our results, one should keep in mind that the sample of farms was
selected in order to test the developed methodology. Thus, we tried to ensure appropriate
coverage of all typical systems present in the studied countries and to purposefully achieve
a representative variety of farm types. Therefore, due to potential limitations of the selected
sample, the results obtained should be further investigated in more targeted studies and on
more balanced and broader datasets. The observations indicate, however, some interesting
relationships, which could be further analyzed in more in-depth research.

Our newly developed method brings about a broader view on more long-term aspects
of economic sustainability, which go beyond concepts such as technical performance, labor
productivity, and their impacts on the returns to capital, land, and labor. This wider view
of economic sustainability incorporates the levels of entrepreneurship, risk management,
and the resilience of the invested resources. Thus, our approach supports evidence-based
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economic sustainability assessments of pig farms and allows for better targeting of farmers
activities towards possible sustainability improvements. This methodological approach
may be used in other branches of livestock farming as well.
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Appendix A

Table A1. Details of indicators under subthemes and themes of the economic sustainability of pig farms.

Sustainability Theme: Technical Performance Scale Minimum Value
0% = Not Sustainable

Scale
Maximum Value 100% =

Very Sustainable

Subthemes Indicators: 0% if: 100% if

Feed Efficiency Feed conversion rate for finishing pigs ≥3.8 ≤2.2

Reproductive Efficiency

Number of litters per sow ≤1.5 ≥2.45

Number of piglets born alive per litter ≤10 ≥20

Number of piglets weaned per litter ≤8 ≥16

Number of piglets weaned per sow ≤18 ≥36

Age of piglets at weaning ≤21 ≥55

Weight of piglets at weaning ≤6 ≥15

Health Management

Pre-weaning mortality rate ≥22% ≤6%

Sow mortality ≥12% ≤2%

Mortality rate finishing pigs ≥5% ≤1%

Veterinary+medicine costs per sow ≥10% ≤2%

Veterinary+medicine costs per finishing pig ≥1.5% ≤0.1

www.era-susan.eu
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Table A1. Cont.

Sustainability Theme: Economic Resilience Scale Minimum Value
0% = Not Sustainable

Scale
Maximum Value 100% =

Very Sustainable

Subthemes Indicators: 0% if: 100% if

Entrepreneurship

Bargaining power in the chain
Qualitative based on 2 questions: How easy
would it be for your meat processor to find a
substitute for your pig deliveries? (5 points

scale where 0%—very easy; 100%—very
difficult); My position in the chain—to which

extent can you influence things (price,
quantities, quality, payments, discounts, etc.)

(0% = very weak; 100%—very strong)

Q1: 0%—very easy;
Q2: 0%—very weak

Q1: 100%—very difficult
Q2: 100%—very strong

Horizontal cooperation between farmers
Qualitative based on 2 questions: Are you a
member of a producer (group) organization

for the sale of your products? Y = 100%/
N = 0%; Are you member of an organization
(producer group) purchasing feed or using

machinery etc. Y = 100%/N = 0%)

0% = no 100% = yes

Profitability

Gross margin over feed costs per finishing pig
expressed as % of turnover (value) per

finishing pig
≤20% ≥50%

Gross margin over non-factor costs per
finishing pig expressed as % of turnover

(value) per finishing pig
≤10% ≥40%

Gross margin over feed costs per sow
expressed as % of turnover (value) per sow ≤20% ≥50%

Gross margin over non-factor costs per sow
expressed as % of turnover (value) per sow ≤10% ≥40%

Production costs per kg of pig meat (dead
weight) as % of price ≥100% ≤80%

Risk Management

Degree of specialization
(Qualitative based on question: What is %
share of the pig production turnover in the

total farm turnover)

76–100% 0–25%

Share (percentage) of rented land 76–100% 0–25%

Share (percentage) of family labor 0–25% 76–100%

Labor Productivity

Production Kg of pig meat (dead weight) per
annual working unit (1AWU = 1800 h/year) ≤80,000 ≥800,000

Number of sows per annual working unit
(1AWU = 1800 h) ≤60 ≥250

Number of finishing pigs per annual working
unit (1AWU = 1800 h) ≤1000 ≥6000

Resilience of Resources

Degree of modernity
Qualitative based on 2 questions: How old is
on average your pig production equipment?

((100%—0–5 years; 50%—5–10 years,
0%—more than 10 years); How old are on
average your pig production buildings?
(100%—0–10 years, 50% = 10–25 years,

0% = over 25 years)

Q1: 0%—more than 10 years
Q2: 0%—over 25 years

Q1: 100%—0–5 years
Q2: 100%—0–10 years

Capital intensity
Qualitative based question: How big is the
invested value of your farm compared to

farms that are similar to your farm?
(100%—Much bigger than average,

75%—bigger than average, 50%—equal,
25%—smaller than average, 0%—much

smaller than average)

0%—much smaller than
average

100%—Much bigger than
average
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Table A1. Cont.

Sustainability Theme: Economic Resilience Scale Minimum Value
0% = Not Sustainable

Scale
Maximum Value 100% =

Very Sustainable

Subthemes Indicators: 0% if: 100% if

Resilience of Resources

Investment potential
Qualitative based on 2 questions: Does your

financial position allow for large investments?
(5 points scale where 0%—definitely not;

100%—certainly yes); How easy would it be
for you to receive a bank loan to keep your

farm-up- date? (5 points scale where
0%—almost impossible; 100%—very easy)

Q1: 0%—definitely not
Q2: 0%—almost impossible

Q1: 100%—certainly yes Q2:
100%—very easy

Innovation potential
Qualitative question: How soon will you

adopt new products, technologies or
management practices when they are

developed? (100%—early adopter;
0%—late follower)

0%—late follower 100%—early adopter

Source: own elaboration.

Table A2. Weights used in aggregation of indicators into subthemes of economic sustainability.

Sustainability Theme: Technical Performance

Subthemes Indicators: Breeding Farms Finishing Farms Closed-Cycle

Feed Efficiency Feed conversion rate finishing pigs 100 100

Total 100 100

Reproductive Efficiency

Number of litters per sow 6 6
Number of piglets born per litter 0 0

Number of piglets weaned per litter 12 12
Number of piglets weaned per sow 52 52

Age of piglets at weaning 12 12
Weight of piglets at weaning 18 18

Total 100 100

Health Management

Pre-weaning mortality rate 46 26.3
Sow mortality 22 12.5

Mortality rate finishing pigs 56 23.8
Veterinary costs per sow 33 18.7

Veterinary costs per finishing pig 44 18.7

Total 100 100 100

Sustainability Theme: ECONOMIC Resilience

Subthemes Indicators: Breeding Farms Finishing Farms Closed-Cycle

Profitability

Gross margin over feed costs
per finishing pig - 0 0

Gross margin over non-factor costs
per finishing pig - 50 19

Gross margin over feed costs per sow 30 - 19
Gross margin over non-factor costs

per sow 70 - 19

Production non-factor costs per kg of pig meat - 50 43

Total 100 100 100

Labor Productivity

Production Kg of pig meat per AWU - 72 49
Number of sows per AWU 100 - 32

Number of finishing pigs per AWU 28 19

Total 100 100 100

Entrepreneurship
Bargaining power in the chain 40 40 40

Horizontal cooperation between farmers 60 60 60

Total 100 100 100
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Table A2. Cont.

Sustainability Theme: ECONOMIC Resilience

Subthemes Indicators: Breeding Farms Finishing Farms Closed-Cycle

Risk Management

Degree of specialization 70 70 70
Share (percentage) of rented land 10 10 10
Share (percentage) of family labor 20 20 20

Total 100 100 100

Resilience of
Resources

Degree of modernity 28 28 28
Capital intensity 22 22 22

Investment potential 28 28 28
Innovation potential 22 22 22

Total 100 100 100

Source: own elaboration.
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