
Citation: Ruckli, A.K.; Hörtenhuber,

S.J.; Ferrari, P.; Guy, J.; Helmerichs, J.;

Hoste, R.; Hubbard, C.; Kasperczyk,

N.; Leeb, C.; Malak-Rawlikowska, A.;

et al. Integrative Sustainability

Analysis of European Pig Farms:

Development of a Multi-Criteria

Assessment Tool. Sustainability 2022,

14, 5988. https://doi.org/10.3390/

su14105988

Academic Editor: Elena

Cristina Rada

Received: 25 March 2022

Accepted: 11 May 2022

Published: 15 May 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Integrative Sustainability Analysis of European Pig Farms:
Development of a Multi-Criteria Assessment Tool
Antonia Katharina Ruckli 1,*,†, Stefan Josef Hörtenhuber 1,*,† , Paolo Ferrari 2, Jonathan Guy 3,
Juliane Helmerichs 4, Robert Hoste 5 , Carmen Hubbard 3, Nadja Kasperczyk 6, Christine Leeb 1 ,
Agata Malak-Rawlikowska 7 , Anna Valros 8 and Sabine Dippel 4

1 Division of Livestock Sciences, Department of Sustainable Agricultural Systems, University of Natural
Resources and Life Sciences, Gregor-Mendel-Str. 33, 1180 Vienna, Austria; christine.leeb@boku.ac.at

2 Centro Ricerche Produzioni Animali—C.R.P.A. S.p.A., 42121 Reggio Emilia, Italy; p.ferrari@crpa.it
3 Food and Rural Development, School of Agriculture, Newcastle University, Kings Road,

Newcastle upon Tyne NE1 7RU, UK; jonathan.guy@newcastle.ac.uk (J.G.);
carmen.hubbard@newcastle.ac.uk (C.H.)

4 Friedrich-Loeffler-Institut, Dörnbergstr. 25/27, 29223 Celle, Germany; helmerichs.ju@gmail.com (J.H.);
sabine.dippel@fli.de (S.D.)

5 Wageningen Economic Research, Wageningen University & Research, P.O. Box 35, 6700 AA Wageningen,
The Netherlands; robert.hoste@wur.nl

6 Professur für ökologischen Landbau, Justus-Liebig-Universität Gießen, Karl-Glöckner-Str. 21 C, 35394 Gießen,
Germany; nadja.kasperczyk@agrar.uni-giessen.de

7 Institute of Economics and Finance, Warsaw University of Life Sciences, 02-787 Warsaw, Poland;
agata_malak_rawlikowska@sggw.edu.pl

8 Department of Production Animal Medicine, Faculty of Veterinary Medicine, University of Helsinki,
P.O. Box 57, FI-00100 Helsinki, Finland; anna.valros@helsinki.fi

* Correspondence: antonia.ruckli@bfh.ch (A.K.R.); stefan.hoertenhuber@boku.ac.at (S.J.H.)
† These authors contributed equally to this work.

Abstract: Societal interest in all aspects of sustainability has increased. Therefore, pig farmers need to
be aware of their strengths and weaknesses in all dimensions of sustainability: economy, environment,
social wellbeing, and animal health and welfare. Our aim was to describe and critically discuss
the development of a sustainability assessment tool for pig farms and to evaluate its suitability
by applying it to 63 European pig farms (13 breeding, 27 breeding-to-finishing, and 23 finishing
farms). The multi-criteria assessment tool was developed in several steps (the selection and scaling of
indicators and their aggregation and weighting) in order to summarise the indicators into subtheme
and theme scores. The indicators contributing the most to the subtheme/theme scores were identified
and discussed in order to evaluate the procedure of the development. For example, some indicators,
such as Ecological compensation area, Fairness of prices, and Tail docking, for which farms were
scored low, were also identified as “real world problems” in other studies. For other sustainability
aspects with low performance, the threshold might have been set too ambitiously, e.g., for Number of
sows per annual working unit. Furthermore, to analyse the suitability of the tool, we assessed the
best and worst median theme scores (good and poor performances) for each dimension, as well as
the variability of the performances of the farms within the themes. Some themes were found to be
moderate, such as Pig comfort, Biodiversity, or Resilience, whereas others were found to be good,
e.g., Water and the Human–animal relationship, as well as several themes of the social wellbeing
dimension. Overall, the sustainability tool provides a comprehensive assessment of the sustainability
of pig production. Furthermore, this publication contributes to both the theory (development
of a robust sustainability tool) and the practice (provision of a tool to assess and benchmark the
sustainability on farms). As a next step, a sensitivity analysis should be performed, and the tool
should be applied for further development.

Keywords: sustainability tool; economic sustainability; social wellbeing; environmental sustainabil-
ity; animal health and welfare; pig production
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1. Introduction

Pig farming is an economically important livestock sector in Europe. It contributes
9.5% (2020) to the total EU-27 agricultural output, which is the highest share within the
meat sector [1]. In 2019, 22.8 million tonnes of pork was produced in the EU [1]. The EU is
the world’s top exporter of pig meat, with China as the main destination [2].

At the same time, sustainability has become a central goal for pig farming [3], as well
as in agriculture in general [4,5]. It was added as one of the key objectives of the EU in
the Amsterdam Treaty (1997) and was strengthened in 2001 by the publication of the EU
Sustainable Development Strategy [6]. It is often defined as “the ability to make development
sustainable to ensure that it meets the needs of the present without compromising the ability of future
generations to meet their own needs” [7]. Sustainable agriculture is also one of the central
steps of the Agenda 2030 [8]. Several United Nations Sustainable Development Goals
(SDGs) address agricultural topics, such as the SDGs “#2 Zero Hunger”, “#12 Responsible
Production & Consumption“, “#13 Climate Action“, “#14 Life below Water” or “#15 Life on
Land”, as agriculture not only contributes to, but also impacts on the SDGs [8]. Therefore,
the EU has clearly stated the need for a sustainable agriculture by launching the Green
Deal and the Farm-to-Fork strategy [9], which covers a number of SDGs. These SDGs are
also taken up in sustainability assessment tools to examine sustainable development with
regard to these goals.

Pig farming in Europe, however, faces several problems in terms of sustainability.
The negative impacts of pig production on the environment are strongly criticized. Pig
farming is globally responsible for 668 megatons CO2-eq. annually, representing nine
percent of the livestock sector emissions [10]. Feed production and manure management
(storage, spreading) in particular, as well as land use change from soy production, have
detrimental impacts on the environment [11]. Major changes in the food and agriculture
system are needed if the goals of the Paris Agreement are to be met [12]. Furthermore,
animal welfare has become a major concern of society [13,14]. Due to the focus on increasing
efficiency on pig farms, housing systems (e.g., farrowing crates, fully slatted floors, and
reduction in space allowance) have been developed, which do not meet the pigs’ needs
regarding normal behaviour [15]. This has led to several animal welfare problems such
as tail biting [16] and stereotypic behaviour [17]. Furthermore, the economic pressure on
farmers has increased due to low and unstable pork prices [18]. Larger units are able to
produce more cost-efficiently due to the economies of scale. Therefore, smaller units might
have to give up their production. Consequently, current supply and consumer demand
are higher than is sustainable and healthy. A globally sustainable diet entails a reduction
in pork production by 85% [19]. Therefore, farmers face the challenge of meeting societal
demands while producing economically to sustain their businesses and maintaining their
own wellbeing.

Running a pig farm sustainably thus requires knowledge of all dimensions of sus-
tainability. These commonly include economy (ECO), the environment (ENV), and social
wellbeing (SOC) [8]. Animal health and welfare (AHW) is often included in the latter
dimension; yet, due to the increased societal interest, it merits being a separate, fourth
dimension [20]. All the dimensions are strongly interwoven, and all the parts need to be
considered when farm management decisions are made. As pork is produced on a large
variety of pig farms [21], there is not one solution to improve sustainability on all farms,
and the measures should therefore be farm-specific.

Multi-criteria analysis (MCA) is an established method for assessing multidimensional
problems such as sustainability in an integrated way [22]. It allows the combination
of results from different methods, e.g., environmental life cycle assessment (LCA) and
economic cost–benefit analysis [23].

Several MCA-based tools have been developed for assessing sustainability at the farm
level, e.g., Response-Inducing Sustainability Evaluation (RISE), Sustainability Monitoring
and Assessment RouTine (SMART), and Sustainability Assessment of Food and Agricul-
ture Systems (SAFA) [24,25]. Some sustainability tools cover a broad range of different
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businesses, e.g., SAFA can be used for large as well as for small businesses, while other
tools focus on more specific applications, e.g., RISE focuses on status quo assessment and
recommendations to improve sustainability on farms [24–27]. Such indicator-based tools
are generally structured hierarchically with dimensions as the highest and most general
level. Themes and subthemes cover the intermediate levels. The lowest level is the indica-
tors, which measure farm-specific performance [24]. Indicators of different units are then
scaled and aggregated on the subtheme and theme level.

Some studies have applied these tools on livestock farms (e.g., RISE [28], SMART [25]
and SAFA [29,30]). However, the results from different tools cannot be compared as they
depend on the choice of indicators, scaling, and weighting procedures [24]. Therefore,
transparency of the decisions made during the tool development is crucial to understanding
and explaining the results to farmers so that decisions for improvement measures towards
a sustainable development can be made.

For a tool to be successful, it should provide new and additional information to
farmers and be user-friendly. To help farmers improve the sustainability of their farms,
farm-specific recommendations are needed. Farmers might be more willing to use such a
sustainability assessment tool if it focused on pig farm-specific indicators. In a study on
four different tools (RISE, SAFA, PG and IDEA), the farmers perceived RISE as the most
relevant tool as it is based on quantitative questions and uses a context-specific approach.
However, the farmers also expressed hesitation in applying the outcomes of these four
tools in their decision making and management [31].

Furthermore, in SMART and SAFA AHW is assessed as part of the ENV dimension,
whereas in RISE AHW is an independent theme [24,25]. Moreover, AHW is only covered
with a few questions, which focus on resource-based measures (e.g., space allowance) [32],
whereas animal-based measures (e.g., prevalence of tail biting) are missing. However,
animal-based measures have become an important part of the AHW assessment [33] and
should therefore be included in a sustainability assessment tool.

Therefore, the Era-Net SusAn project SusPigSys developed an assessment and feed-
back tool specifically for pig farms, applying an MCA as the framework with AHW as a
fourth dimension [34]. Such a tool may help to inform farmers about their sustainability
performance, especially by providing feedback in the form of benchmarking with peers. It
can give insights into the strengths and weaknesses of their farm and suggest measures to
improve sustainability.

The overall aim of this paper was to critically assess this integrated on-farm sustain-
ability assessment tool. Therefore, within two steps, our aims were:

1. To describe the development of the SusPigSys sustainability assessment tool for pig
farms and to critically discuss the different steps of the development.

2. To apply the tool on European pig farms to explore the suitability and ability of the
tool to reflect actual sustainability challenges and to differentiate the sustainability
performance of different pig farm characteristics. The specific objectives were:

• At the indicator level: to identify the main challenges regarding sustainability
(indicators with low median scores and a high contribution to the overall theme
level).

• At the theme level: to detect and discuss good and bad farm performance with
regard to sustainability.

• At the theme level: to analyse the variability (if all farms show the same score,
the tool is not suitable for differentiating).

2. Materials and Methods

The SusPigSys sustainability assessment tool includes the four sustainability dimen-
sions of economy (ECO), environment (ENV), social wellbeing (SOC), and animal health
and welfare (AHW). It was developed in an iterative process and is available at [34]

The framework of the tool is an MCA, which summarises the data derived from
specific indicators (e.g., Prevalence of tail lesions) into subtheme (e.g., Clinical findings)
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and theme (e.g., Absence of injuries and disease) scores in a process involving scaling and
weighting. Figure 1 provides an overview of the MCA framework and the different steps
of the development, which will be further described in the following.
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two of the 19 themes in the project as an example. Ind = Indicator, Subth = Subtheme.

2.1. Selection of Indicators

The selection of indicators consisted of three successive steps (development of de-
tailed assessment protocol, application, and condensation) [35]. First, we developed a
detailed assessment protocol with a large number of indicators to cover all aspects of
sustainability on pig farms [35]. The selection of indicators was based on the literature,
the already existing protocols, and expert opinion (Table 1). We only included indicators
which were relevant within the boundaries of the actual pig farm; so, indicators covering
other steps of pig production, such as transportation and slaughtering were excluded, even
though they are regarded as very important [36,37]. The ECO indicators were selected
based on a literature review described in [38]. The ENV indicators were a combination
of environmental LCA indicators, based on LCA studies, e.g., [39–41] and described in
the study of [42], with the environmental key performance indicators selected from the
SMART [25] and SAFA guidelines [26,32]. Moreover, the SOC indicators originated from
the SAFA guidelines [26,32]. The AHW indicators were selected from previous projects,
including ProPig [43] and Welfare Quality® [44]. The detailed protocol was refined in
iterative discussions within the consortium and in stakeholder workshops, as well as by
including pilot farm visit experiences [35].
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Table 1. Summary of the indicator selection and themes within each sustainability dimension (ECO, ENV, SOC, AHW).

Dimensions ECO ENV SOC AHW

Indicators based on

Literature
Existing protocols

Discussions within the consortium
Stakeholder workshops

External experts
Pilot farm visit

n indicators included in the protocol 16 42 42 76

Indicator types continuous
categorical

ordinal
continuous

categorical
ordinal

categorical
ordinal

continuous

Themes
- Technical efficiency
- Economic resilience

- Atmosphere
- Water
- Soil
- Biodiversity
- Material and Energy

- Decent Livelihood
- Fair trading practices
- Labour rights
- Gender and equality
- Human safety and health
- Good governance

- Absence of hunger and thirst
- Pig comfort
- Absence of injuries and disease
- Absence of pain by management
- Possibility to perform appropriate behaviour
- Good human–animal relationship
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The second step was the application of the detailed assessment protocol between May
and October in 2018 on 63 commercial pig farms in seven European countries (Austria: 10,
Germany: 9, Finland: 8, Italy: 10, the Netherlands: 9, Poland: 10, and the United Kingdom:
7). The farms were selected to represent the most common pig production systems within
each country (conventional, organic, and other labels). The 63 farms consisted of 13 breed-
ing, 23 finishing, and 27 breeding-to-finishing farms. The data collection included an
interview with the farm manager, the use of farm records (e.g., reproductive performance),
using 2017 as the reference year, and direct observations of the animals (e.g., occurrence
of tail lesions). Before the start of the farm visits, two experienced pig researchers (CM,
CL) trained two observers in performing direct observations (AR, JH). Before and after the
visit, an interobserver reliability test was conducted. The outcomes of these trainings and
the interobserver reliability test sessions are presented in Supplementary Material Table
S13. Table 2 gives an overview of the characteristics of the visited farms, which differed in
many aspects, such as size, productivity, and membership of labelling schemes. Overall,
23 farms were conventional, 9 farms were certified as organic, and 31 farms produced for
other country-specific labels (e.g., higher animal-welfare standards or GMO-free feed).

The third step was to condense the detailed protocol based on the farm visit experi-
ences [35]. Some indicators were excluded, some new indicators were added, and some
were adapted due to data availability, validity, reliability, and feasibility. The final con-
densed protocol consisted of 16 ECO indicators, 42 ENV indicators, 42 SOC indicators and
76 AHW indicators (Table 1). The indicators included categorical (e.g., surgical castration
of male piglets carried out or not), ordinal (e.g., thin, medium, or thick bedding), and con-
tinuous (e.g., post-weaning mortality rate) formats. The complete protocol can be applied
in one day on a pig farm by the farmer or an external person.

Table 2. Size and productivity data of 63 pig farms in Austria (10 farms), Finland (8), Germany (9),
Italy (10), the Netherlands (9), the United Kingdom (7), and Poland (10).

Breeding Farms Breeding-to-Finishing Farms Finishing Farms

Q25 M Q75 Q25 M Q75 Q25 M Q75

Farms (n) 13 27 23
Size
Sows in production (n) 291 419 946 58 150 287
Finishers sold for slaughter year−1 (n) 1061 2867 5284 1500 4035 6411
Number of sows per AWU 31 93 173 31 80 263
Number of finishers per AWU 64 710 3602 79 852 9504
Family labour (%) 0 38 100 0 50 100 0 100 100
Rented land (%) 0 40 100 0 42 90 0 22 100

Productivity
Litters sow−1 y−1 (n) 2.2 2.4 2.4 2.1 2.3 2.3
Piglets weaned sow−1 y−1 (n) 25 28 30 21 25 29
Lactation length (d) 24 28 28 27 28 33
Mortality suckling piglets (%) 11.2 15.1 16.8 9.6 13.4 16.7
Mortality weaners (%) 1.8 3.0 3.8 1.7 2.9 4.8
Mortality finishers (%) 1.2 2.0 3.0 1.5 1.8 2.3
Live weight at slaughter (kg) 111 118 122 118 127 168
Daily gain finishers (g day−1) 700 810 855 780 846 1000

Feed
FCR BU (kg feed kg−1 BM−1) 2.8 3.0 3.7 3.0 3.6 4.6
FCR FU (kg feed kg−1 BM−1) 2.7 2.9 3.7 2.8 3.0 3.8
Home-grown feed BU (% of FW) 0 0 11 0 21 33
Home-grown feed FU (% of FW) 0 16 43 0 0 20

n = number; M = median, Q25 = lower quartile; Q75 = upper quartile. FCR = feed conversion ratio, BU = breeding
unit, FU = finishing unit, BM = body mass, FW = fresh weight, AWU = annual working unit, i.e., per farm worker.
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2.2. Scaling of Indicators

All the indicators were scaled and transformed into scores ranging from 0 (mini-
mum/worst) to 100 (maximum/best), in order to have a uniform scale across all the
indicators. This was performed by attributing one value to each of the answers of the
categorical indicators and likewise for the ordinal indicators (e.g., attribute 0, 50, and 100 to
“no”, “partially”, and “yes”, respectively). For continuous indicators (e.g., mortality rate),
the worst and best values were defined with a linear regression in between. The threshold
as well as the scaling functions were defined by the SusPigSys consortium based on values
derived from the literature and the SusPigSys data.

2.3. Allocation to Subthemes and Themes

In the next step, the themes were identified for each dimension (Table 1). The two
ECO themes were defined by experts within the project consortium; the five ENV and
the six SOC themes were based on the SAFA guidelines [26], whilst the six AHW themes
were based on Welfare Quality® [44]. Furthermore, each theme was divided into several
subthemes (see Supplementary Material Tables S1–S4). The indicators were then allocated
to subthemes, whereby some indicators were allocated to several subthemes as required
(e.g., tail lesions, ecological focus areas).

2.4. Weighting Procedure

The indicators were weighted for the calculation of the subtheme scores, and the
subthemes were weighted for the calculation of the theme scores. The weights were
determined with a Delphi-like approach [45], similar to the methodology of [46], using
experts to evaluate the animal welfare indicators. The weighting process consisted of
two rounds and was undertaken anonymously and included 36 experts (first round) and
26 experts (second round). The experts (external and from the consortium) were selected
based on their field of research. In the first round, the experts (5 experts for ENV as well as
SOC, 15 for AHW, and 11 for ECO) were asked to distribute 100% between the subthemes of
each theme and 100% between the indicators within each subtheme. The median allocated
values (weights) were then sent to the same experts again, and the experts were asked to
either agree with the calculated median weights or to revise them. These results were then
again collated, and the final weights were defined through calculating the median score.

The allocation of the ECO weights was different for each farm type in order to account
for the indicators which could not be assessed on a certain farm type (e.g., number of
weaned piglets on finishing farms). The same applied to AHW, for which the allocation
differed between farm types as well as between farms with and without pasture. For this
paper, due to the data quality aspects, we had to exclude five subthemes (see Supplementary
Material Tables S1 and S4). As this exclusion took place after the expert survey had
been undertaken, the weights for these subthemes/indicators were distributed across the
remaining subthemes/indicators. The final weights used can be found in Supplementary
Material Tables S1–S4.

2.5. Aggregation

The scores of the scaled indicators were multiplied with the expert weights, and
the products were summed up to one value per subtheme and farm (subtheme score;
Formula (1)).

S(Subtheme) =
n

∑
i=1

(
wi(Indicator)∗Si(Indicator)

)
(1)

with S(Subtheme) = the respective subtheme score, wi(Indicator) = the weight of the respective
indicator to a subtheme, and Si(Indicator) = the score of the respective indicator.

The subtheme scores were then multiplied with the expert weights for the sub-
themes, and the products were summed up to one value per theme and farm (theme
score; Formula (2)).
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S(Theme) =
n

∑
i=1

(
wi(Subtheme)∗Si(Subtheme)

)
(2)

with S(Theme) = the respective theme score, wi(Subtheme) = the weight of the respective
subtheme to a theme, and Si(Subtheme) = the score of the respective indicator.

2.6. Overall Contribution of Indicators to Sustainability Themes Scores

The overall contribution of each indicator to its respective theme was calculated with
the following formula:

C(Indicator) = w(Indicator) ∗ w(Subtheme) (3)

with C(Indicator) = the contribution of an indicator to the respective theme, w(Indicator) =
the weight of the respective indicator to a subtheme, and w(Subtheme) = the weight of the
respective subtheme to a theme. The indicators contributing to 10% or more than 10% of
the overall theme score were summarised as median values in Tables 3–6. The complete
set of indicators with their contributions to the overall theme score can be found in the
Supplementary Material Tables S9–S12. Sustainability challenges at the indicator level were
selected when the indicator contribution was equal to or was more than 10% and if the
indicator score was less than or equal to 25.

2.7. Statistics

Statistical analyses were undertaken in SAS 9.4 [47]. The mean absolute deviation from
the median (MAD) was calculated as a measure for variation at the theme and subtheme
level with the following formula:

MAD(Theme) =
1
n

n

∑
i=1

∣∣∣S(Theme) − M(Theme)

∣∣∣ (4)

with MAD(Theme) = the mean absolute deviation of a respective theme from the median
within farm types, S(Theme) = the respective theme score, and M(Theme = the respective
median score of a theme.

3. Results

In order to investigate the validity and suitability of the tool with respect to the reality
of European pig production, we applied it to 63 farms. We first analysed which indicators
had a high contribution to the overall theme scores (≥10%) as well as the performance of
the farms for those indicators, in order to identify sustainability problems at the indicator
level (indicator scores ≤ 25; Tables 3–6). Then, we analysed the themes where the farms
were performing best and worst (Figure 2 and Table 7). Lastly, we analysed the variability
of the theme scores (Table 7).

3.1. Sustainability Challenges at Indicator Level

Tables 3–7 show all the indicators that contributed more than 10% to a theme score as
well as the performance of the 63 farms at the indicator level. All the other indicators, with
a contribution lower than 10%, can be found in Supplementary Material Tables S9–S12.

3.1.1. Economy

The ECO analysis was tailored to the farm types because not all the indicators were
present on each, resulting in different numbers of indicators (Table 3). For ECO, each
indicator contributed to one theme only.

Tables 3–7 can be read as follows (for example, with ECO1; Table 3): The theme
ECO1 (Technical efficiency) consists of two to three subthemes and two to ten indicators
depending on the farm type. On the breeding farms, the indicator Number of piglets
weaned per sow and year had the highest contribution (25%) to the theme ECO1. The
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13 breeding farms were scored on average (median) with 57. In contrast, on the breeding-
to-finishing farms and on the finishing farms the indicator Feed conversion rate of finishing
pigs contributed most to this theme (38% and 54%, respectively). Breeding-to-finishing and
finishing farms had median scores of 56 and 49, respectively.

Within ECO2 (Economic resilience), the Percentage of family labour was most impor-
tant on the finishing and breeding-to-finishing farms, with 38%, whereas on the breeding
farms Number of sows per annual working unit contributed most to the outcome (43%).

The lowest median scores (performance of the pig farms) were found for the indicators
Percentage of family labour (breeding farms: 0), Number of sows per annual working unit
(breeding and breeding-to-finishing farms: 18, 11), Number of finishing pigs per annual
working unit (0, 0), and kg of pig meat per annual working unit (3, 30).
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Figure 2. Median sustainability scores (0 = worst, 100 = best) at theme level by farm type. Economy
themes: ECO1 (Technical efficiency), ECO2 (Economic resilience). Environment themes: ENV1
(Atmosphere), ENV2 (Water), ENV3 (Soil), ENV4 (Biodiversity), ENV5 (Material and energy). Social
wellbeing themes: SOC1 (Decent livelihoods), SOC2 (Fair trading practices), SOC3 (Labour rights),
SOC4 (Gender and equality), SOC5 (Human health and safety), SOC6 (Good governance). Animal
health and welfare themes: AHW1 (Absence of hunger and thirst), AHW2 (Pig comfort), AHW3
(Absence of injuries and disease), AHW4 (Absence of pain by management) AHW5 (Possibility to
perform appropriate behaviour), AHW6 (Good human–animal relationship).
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Table 3. ECO indicators contributing highest to the respective ECO themes (indicator contribution in
percentage) as well as median indicator scores (indicator scores on a scale from 0 = worst to 100 = best)
by farm type (B = breeding farms, BF = breeding-to-finishing farms, F = finishing farms).

Theme and Indicators Contributing Highest to
Theme Scores Indictor Contributions Indicator Scores (Median)

B BF F B (n = 13) BF (n = 27) F (n = 23)

ECO1 Technical efficiency (n subthemes/n indicators) * 2/8 3/10 2/2
Feed conversion rate finishing pigs (FCR) 0% 38% 54% - 56 49
Number of piglets weaned per sow and year 25% 16% 0% 57 38 -
Pre-weaning mortality rate 21% 10% 0% 44 54 -
Post-weaning mortality rate 20% 9% 0% 67 70 -
Sow mortality 10% 5% 0% 68 98 -
Finishing pigs mortality rate 0% 9% 46% - 75 80

ECO2 Economic resilience (n subthemes/n indicators) * 2/3 2/5 2/4
Percentage of family labour 38% 38% 38% 0 60 100
Percentage of rented land 19% 19% 19% 42 66 100
Number of sows per annual working unit 43% 14% 0% 18 11 -
Number of finishing pigs per annual working unit 0% 8% 12% - 0 0
Kilo of pig meat per annual working unit 0% 21% 31% - 3 30

n = number. * Total number of subthemes and indicators with the respective theme. The complete list of subthemes
and indicators can be found in Supplementary Material Table S1 and Supplementary Material Table S9.

3.1.2. Environment

The ENV themes consisted of two to three subthemes and 17 to 24 indicators (Table 4).
Some ENV indicators contributed to several themes. In all the themes except for ENV5
(Material and energy), two to three indicators each contributed more than 10% to a theme.

The following indicators contributed most to the respective environmental themes
(ENV1-5): ENV1 (Atmosphere): Techniques for reducing emissions (16%) and ENV2 (Wa-
ter): Water-saving technology in the barn (17%). Within ENV3 (Soil), there were three
indicators, which contributed similarly (10%): Arable land not ploughed, Conversion of
permanent grassland into arable land, and Land use (ha per tonne of pig). Ecological
compensation area (12%) and Woodland on farm contributed the most (12%) to ENV4 (Bio-
diversity), whereas for ENV5 (Material and energy), only 1 out of 19 indicators contributed
more than 10%, namely Proportion of discarded inputs (27%). Farms (breeding, breeding-
to-finishing, and finishing farms) performed the worst within the ENV dimensions for the
following indicators: Techniques for reducing emissions (median scores: 0, 0, 0), Arable
land not ploughed (10, 33, 0), Ecological compensation area (0, 0, 0), and Woodland on farm
(16, 16, 15).

Table 4. ENV indicators contributing highest to the respective ENV themes (indicator contribution in
percentage) as well as median indicator scores (indicator scores on a scale from 0 = worst to 100 = best)
by farm type (B = breeding farms, BF = breeding-to-finishing farms, F = finishing farms).

Theme and Indicators Contributing Highest to Theme Scores Indicator Contributions Indicator Scores (Median)
All B (n = 13) BF (n = 27) F (n = 23)

ENV1 Atmosphere (n subthemes/n indicators) * 2/17
Techniques for reducing emissions 16% 0 0 0
Acidification potential expressed per kg BMG 14% 84 77 74
Greenhouse gas emissions expressed per kg BMG 13% 63 68 47
Greenhouse gas emissions expressed per area 10% 81 78 69
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Table 4. Cont.

Theme and Indicators Contributing Highest to Theme Scores Indicator Contributions Indicator Scores (Median)
All B (n = 13) BF (n = 27) F (n = 23)

ENV2 Water (n subthemes/n indicators) * 2/24
Water-saving technology in the barn 17% 100 100 100
Sufficient water supply or storage capacities 10% 100 100 100
Water-saving technology for irrigation of fields (e.g., drip
irrigation) 10% 100 100 100

ENV3 Soil (n subthemes/n indicators) * 2/21
Arable land not ploughed 10% 10 33 0
Conversion of permanent grassland into arable land 10% 100 100 100
Land use 10% 100 88 100

ENV4 Biodiversity (n subthemes/n indicators) * 3/18
Ecological compensation area 12% 0 0 0
Woodland on farm 12% 16 16 15

ENV5 Material and energy (n subthemes/n indicators) * 3/20
Proportion of discarded inputs 27% 98 100 100

n = number. * Total number of subthemes and indicators with the respective theme. The complete list of subthemes
and indicators can be found in Supplementary Material Table S2 and Supplementary Material Table S10.

3.1.3. Social Wellbeing

The SOC themes consisted of one to four subthemes and each indicator contributed to
one theme only. Compared to the other dimensions, only a few indicators contributed to
the different themes (four to six indicators per theme), except for SOC1 Decent livelihoods
(19 indicators; Table 5). For SOC1 (Decent livelihoods), only 1 out of the 19 indicators
contributed at least 10% to the overall theme score, namely Relevance/importance of
succession (15%). In theme SOC2 (Fair trading practices), Fairness of prices/buyers paying
was the most important (30%). In SOC3 (Labour rights), Sufficient number of workers (42%)
and SOC4 (Gender equality) contributed the most (30%). SOC5 (Human health and safety)
consisted of four indicators, which contributed equally (25%) to the theme score: Health
and safety training provision for employees, Status of workplace (buildings, machinery,
etc.), with regard to health and safety, Accident and injury rate on farm, and Provision of
protective equipment to employees. Regarding SOC6 (Good governance), Responsibility
for negative environmental impacts contributed the most (25%).

Within the SOC dimension, five indicators had a high contribution and at the same time
a low median score: Fairness of prices throughout supply chain (breeding farms: 5); Fairness
of contracts/agreements with input suppliers (breeding-to-finishing farms: 25); Clear
rules/guidelines regarding non-discrimination (finishing farms: 0); Transparent/written
non-discrimination rules (all farms: 0); and Communication of risks to others (all farm
types: 0).

Table 5. SOC indicators contributing highest to the respective SOC themes (indicator contribution in
percentage) as well as median indicator scores (indicator scores on a scale from 0 = worst to 100 = best)
by farm type (B = breeding farms, BF = breeding-to-finishing farms, F = finishing farms).

Theme and Indicators Contributing Highest to Theme Scores Indicator Contribution Indicator Scores (Median)
All B (n = 13) BF (n = 27) F (n = 23)

SOC1 Decent livelihoods (n subthemes/n indicators) * 4/19
Succession 15% 100 100 100

SOC2 Fair trading practices (n subthemes/n indicators) * 2/4
Fairness of prices (buyers pay) 30% 75 75 75
Fairness of prices (throughout supply chain) 25% 25 50 50
Fairness of contracts/agreements with input suppliers 25% 50 25 50
Access to market information (e.g., price) 20% 100 100 100
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Table 5. Cont.

Theme and Indicators Contributing Highest to Theme Scores Indicator Contribution Indicator Scores (Median)
All B (n = 13) BF (n = 27) F (n = 23)

SOC3 Labour Rights (n subthemes/n indicators) * 2/4
Sufficient number of workers 42% 100 100 100
Workers’ understanding of their rights 28% 100 100 100
Children (under 16) involved on farm work 21% 100 100 100

SOC4 Gender and equality (n subthemes/n indicators) * 3/5
Gender equality 30% 75 100 50
Vulnerable groups 25% 100 100 100
Equal access to training opportunities for all workers 23% 100 100 100
Clear rules/guidelines regarding non-discrimination 11% 100 100 0
Transparent/written non-discrimination rules 11% 0 0 0

SOC5 Human health and safety (n subthemes/n indicators) * 1/4
Health and safety training provision for employees 25% 100 100 100
Status of workplace regarding health and safety 25% 75 75 75
Accident and injury rate on farm 25% 100 100 100
Provision of protective equipment to employees 25% 100 100 100

SOC6 Good governance (n subthemes/n indicators) * 2/6
Responsibility for negative environmental impacts 25% 100 100 100
Positive contribution to local economy 18% 75 75 75
Positive contribution to local environment 18% 75 50 75
Positive contribution to local culture 15% 75 75 75
Risk level of polluting/contaminating the environment 15% 100 100 100
Communication of risks to others (potentially affected) 10% 0 0 0

n = number. * Total number of subthemes and indicators with the respective theme. The complete list of subthemes
and indicators can be found in Supplementary Material Table S3 and Supplementary Material Table S11.

3.1.4. Animal Health and Welfare

The AHW analysis was also specific for each farm type and thus shows different
numbers of indicators in Table 6. Each AHW theme consisted of three to eight subthemes
and 5 to 26 indicators, whereby some indicators contributed to several themes.

Indicators with the highest contributions across all the farm types were: Quality of
roughage (AHW1 Absence of hunger and thirst: 14 to 33%); Total indoor area per pig
(AHW2 Comfort: 14 to 19% and AHW5 Possibility to perform appropriate behaviour: 12 to
15%); and Mortality (AHW3 Absence of injury and disease: 29%). Hospitalisation (20%) had
the highest impact on AHW4 (Absence of pain by management) on breeding and breeding-
to-finishing farms, whereas tail docking (33%) contributed the most on finishing farms.
Within AHW6 (Human–animal relationship), the following four indicators contributed
the most and equally (15%) to the overall theme score: Difficulty with moving of pigs;
Nervousness of pigs; Influence of farmer’s wellbeing on welfare of pigs; and Good sow/pig
welfare is directly linked to good overall farm performance.

The worst performance at the indicator level was found for Castration on breeding
and breeding-to-finishing farms, with a median score of 25 for both, and Total indoor area
per pig (14 and 29). Finishing farms performed poorly for Quality of roughage (median
score: 0); Sufficient ratio of number of pigs per number of drinkers (0); Natural drinking
behaviour (27); Suitable sick pen (0); Tail docking (0); and Ear lesions (0).
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Table 6. AHW indicators contributing highest to the respective AHW themes (indicators contribution
in percentage) as well as median indicator scores (indicator scores on a scale from 0 = worst to
100 = best) by farm type (B = breeding farms, BF = breeding-to-finishing farms, F = finishing farms).

Theme and Indicators Contributing Highest to
Theme Scores Indicator Contribution Indicator Scores (Median)

B BF F B (n = 13) BF (n = 27) F (n = 23)

AHW1 Absence of hunger and thirst (n subthemes/n
indicators) * 5/12 5/12 3/5

Quality of roughage 14% 14% 33% 40 27 0
Sufficient ratio of number of pigs per number of drinkers 8% 8% 23% 50 33 0
Natural drinking behaviour 6% 6% 18% 64 55 27
Automatic drinking system 5% 5% 5% 100 100 100
Availability of drinkers, when feeding 3% 3% 10% 100 59 100
Shoulder lesions 11% 11% 83 83 -
Mortality (suckling piglets + weaners) 11% 11% 54 63 -
Age at weaning 10% 10% - - -

AHW2 Pig comfort (n subthemes/n indicators) * 8/17 8/17 5/11
Total indoor area per pig 14% 14% 19% 14 29 46
Suitable sick pens 12% 12% 16% 50 33 0
Proper creep area (suckling piglets + weaners) 12% 12% 50 50 .
Antibiotic respiratory disease treatment 6% 6% 16% 90 90 90

AHW3 Absence of injuries and disease (n subthemes/n
indicators) * 6/21 6/21 6/14

Mortality 29% 29% 29% 54 63 -
Antibiotic respiratory disease treatment 5% 5% 10% 90 90 90

AHW4 Absence of pain by management (n
subthemes/n indicators) * 4/11 4/11 4/6

Hospitalisation 20% 20% 27% 67 89 100
Tail docking 11% 11% 33% 50 50 0
Tail lesions 9% 9% 14% 67 50 33
Ear lesions 6% 6% 10% 73 50 0
Castration 17% 17% 25 25 -
Nose rings 11% 11% 100 100 -

AHW5 Possibility to perform appropriate behaviour (n
subthemes/n indicators) * 6/26 6/26 5/18

Total indoor area per pig 12% 12% 15% 14 29 46

all
AHW6 Human–animal relationship (n subthemes/n
indicators) * 3/8

Difficulty in moving pigs 15% 100 75 75
Nervousness of pigs 15% 100 75 75
Influence of farmer’s wellbeing on welfare of pigs 15% 50 75 75
Good sow/pig welfare is directly linked to good overall
farm performance. 15% 100 100 100

n = number. * Total number of subthemes and indicators with the respective theme. The complete list of subthemes
and indicators can be found in Supplementary Material Table S4 and Supplementary Material Table S12.

3.2. Themes with Best and Worst Sustainability Scores

Figure 2 and Table 7 show the sustainability results of the 63 assessed pig farms at
the theme level. The relative importance of the different sustainability themes was not
prioritised in any way. The results at the subtheme level can be found in Supplementary
Material Table S5–S8. The themes with a low median score across all farm types were
Comfort (AHW2; 36, 39, 43); Possibility to perform appropriate behaviour (AHW5; 43, 42,
39); and Biodiversity (ENV4; 42, 39, 43, for breeding farms, finishing farms, and breeding-
to-finishing farms, respectively). The highest median scores across all farm types were
found in Labour rights (SOC3; 79, 79, 100); Gender and equality (SOC4; 78, 85, 78); Human
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health and safety (SOC5; 88, 91, 91); Good governance (SOC6; 78, 73, 74), Human–animal
relationship (AHW6: 78, 78, 75); and Water (ENV2; 78, 80, 76).

Table 7. Theme level sustainability scores by farm type. Scores of 0 represent worst and scores of
100 represent best sustainability.

Breeding Farms Breeding-to-Finishing Farms Finishing Farms

Dimension
Theme Min M Max MAD Min M Max MAD Min M Max MAD

Farms (n) 13 27 23
Economy
ECO1 28 51 76 10 20 47 75 13 8 61 94 20
ECO2 7 23 75 18 1 43 70 17 9 57 100 16
Environment
ENV1 43 53 67 5 35 53 74 9 29 46 82 9
ENV2 67 78 86 5 50 80 88 6 65 76 91 5
ENV3 45 60 71 6 35 55 75 8 42 58 72 7
ENV4 36 42 70 8 30 39 68 9 28 43 67 9
ENV5 58 69 75 4 53 68 88 7 48 69 82 6
Social wellbeing
SOC1 46 60 79 9 46 68 85 9 47 66 87 9
SOC2 0 46 86 21 14 49 88 16 8 66 100 18
SOC3 58 79 100 15 58 79 100 14 58 100 100 8
SOC4 40 78 100 15 25 85 100 11 48 78 93 12
SOC5 56 88 100 13 38 91 100 12 63 91 100 12
SOC6 40 78 100 12 48 73 100 10 51 74 93 9
Animal health and welfare
AHW1 35 57 68 10 29 57 80 11 20 44 87 16
AHW2 21 36 59 10 18 39 62 7 24 43 69 9
AHW3 44 58 79 7 37 63 76 7 27 66 83 8
AHW4 29 60 76 12 24 66 97 9 0 41 80 16
AHW5 26 43 54 7 29 42 78 10 16 39 64 10
AHW6 50 78 95 10 51 78 100 8 56 75 100 10

n = number, ECO1 (Technical efficiency), ECO2 (Economic resilience), ENV1 (Atmosphere), ENV2 (Water) ENV3
(Soil), ENV4 (Biodiversity), ENV5 (Material and energy), SOC1 (Decent livelihoods), SOC2 (Fair trading practices),
SOC3 (Labour rights), SOC4 (Gender and equality), SOC5 (Human health and safety), SOC6 (Good governance),
AHW1 (Absence of hunger and thirst), AHW2 (Pig comfort), AHW3 (Absence of injuries and disease), AHW4
(Absence of pain by management) AHW5 (Possibility to perform appropriate behaviour), AHW6 (Good human–
animal relationship). Min = minimum, M = median, Max = maximum, MAD = mean absolute deviation from
median: higher values mean higher deviation.

3.3. Sustainability Themes with Highest and Lowest Variability

The variability, calculated as the mean absolute deviation from the median (MAD),
of Technical efficiency (ECO1) was highest on the finishing farms (MAD 20), whereas
the breeding farms (MAD 10) and breeding-to-finishing farms (MAD 13) showed lower
variability. Economic resilience had a high variability across all the farms (ECO2; MAD
16–18) compared to the other themes. The variability measures within the ENV themes
were generally low in all the farm types (MAD 4 to 9; Table 7). The highest variability in the
SOC dimension was found for the theme Fair trading practices (SOC2; MAD 16–21), and
the lowest was for Decent livelihoods (SOC1; 9). Within the AHW dimension, the highest
variability was found on the finishing farms for Absence of hunger and disease (AHW1;
16) and Absence of pain by management (AHW4; 16). The lowest variability was found
across all the farms in Absence of injuries and disease (AHW3; MAD 7 to 8).

4. Discussion

The two general aims of this publication were (1) to describe and critically discuss the
development of the sustainability assessment tool, which was based on an MCA framework,
and (2) to apply the tool on 63 European pig farms in order to investigate the suitability
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and ability of the tool to reflect real sustainability problems. In the following sections, we
first discuss the individual steps of the development; this is followed by a discussion of the
application.

4.1. Development and Critical Discussion of the MCA Sustainability Assessment Tool

The way in which an MCA is framed is directly influenced by underlying definitions
and the perceptions of the tool developers [48]. This should be kept in mind when inter-
preting the results and drawing conclusions. Transparency is a crucial aspect in developing
a tool [24]. Therefore, in the following paragraphs we are going to analyse and critically
discuss the development of our MCA sustainability assessment tool.

4.1.1. Selection and Characteristics of Indicators

The selection of indicators is the first challenge when setting up an MCA as the set
of indicators needs to comprehensively and reliably represent the complexity of a pig
production system. This plays a crucial role as this influences the extent and depth of
the covered sustainability themes. At the same time, the set of indicators needs to be
feasible for data collection and useful to farmers. That means that the indicators need to be
understandable, and farmers should have the ability to influence them in order to actually
improve the situation [49].

We used existing assessment protocols as a starting point (e.g., SAFA [26], SMART [50],
and Welfare Quality® [44]) as they include a range of validated and repeatable indicators.
However, as SAFA and SMART were not specifically developed for pig farms and Welfare
Quality® was too detailed for the assessment of a pig farm in combination with the other
dimensions, we had to compile a new protocol. This was carried out by selecting indicators
based on literature research (e.g., acidification potential and ECO indicators) in order to
select key indicators (e.g., the most important AHW indicators from Welfare Quality®) and
adapt them to suit the purpose of our sustainability assessment tool.

The practicability, including data availability, was tested through farm visits. As a
result, we excluded and adapted some indicators. For example, we removed Lameness
in gestating sows from the AHW protocol as the layout of most gestating barns did not
allow for a valid lameness assessment, even though sow lameness was considered as a
highly relevant AHW indicator [51]. Another important aspect was the duration of the
overall assessment as many farmers might have had limited time available. For a tool to
be successful, its benefits for the farmer must exceed its costs, including the time invested
for conducting the assessment [52]. Therefore, animal-based indicators were changed to a
categorical assessment (e.g., tail lesions: 0%, ≤10% and >10% of affected pigs/pen) instead
of calculating the true pen prevalence in percent.

Furthermore, the choice of the indicator type needs careful consideration. The ENV
and the AHW dimensions included both categorical/ordinal and continuous indicators,
whereas the SOC included only categorical/ordinal and the economy dimension only
continuous indicators (Table 1). At a later stage, the ECO dimension was expanded with
categorical indicators to address resilience in more detail [38]. Continuous indicators
usually provide more room for differentiation between different farms.

For some aspects, however, it made more sense to use categorical/ordinal indicators
for the assessment. One example is biodiversity, which was not assessed by outcome-based
(continuous) indicators (e.g., counting numbers of different species) [49,53] or by calculating
potential species losses [54,55] but by a key performance indicator assessment addressing
all three subthemes of Habitat Diversity, Species Diversity, and Genetic diversity. The
reason is that due to limited time, biodiversity could not be assessed comprehensively with
continuous indicators. However, categorical/ordinal indicators still allowed us to include
this topic as these indicators are less time-consuming but still provide an overview of the
key areas of on-farm biodiversity. Therefore, we suggest using continuous indicators in
combination with categorical/ordinal ones in order to cover different sustainability topics.
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4.1.2. Scaling of Indicators

As the selected indicators have different units, the next step was “scaling”, i.e., trans-
forming all the indicators into a uniform “currency” (0 = worst to 100 = best). This improves
the comprehensibility for farmers, especially regarding the interpretation of values (e.g.,
kg CO2-eq per kg body mass net sold). We set thresholds (for interventions and goals)
and scaling functions based on the literature and the preliminary results from the pig farm
visits. However, for some thresholds this was difficult due to a lack of data. For such
indicators, e.g., Space allowance (m2 per pig), we based the thresholds on expert opinion.
Experts with different backgrounds from different countries and with experiences of the
various husbandry systems are important in order to establish thresholds that are widely
applicable. Thresholds have to be evaluated with real data in order to check whether it
is possible to achieve scores from 0 to 100. One specific example of an indicator, namely
Number of pigs per annual working unit, will be discussed later in order to demonstrate
the impacts of the chosen thresholds.

4.1.3. Allocation of Indicators to Subthemes and Themes

The allocation of indicators to subthemes and themes also has an important impact
on the outcome. If one indicator is repeatedly included in different subthemes, it receives
a high total weight, and therefore, the poor/good performance of such an indicator has
a high influence on the overall theme scores. The MCA framework differed for the four
sustainability dimensions. In the AHW and ENV dimensions, some indicators contributed
to several themes, whereas in ECO and SOC each indicator contributed only to one theme.
Therefore, in AHW and ENV, if a farmer improves one of those indicators (e.g., ecological
compensation area), he/she can improve the sustainability performance of different themes
at the same time (e.g., ENV1 to ENV5; Supplementary Material Table S10). Addition-
ally, it has to be pointed out that some indicators contributed to themes within different
dimensions, such as Mortality with impacts within ECO (fewer pigs sold), ENV (waste
of resources [56]), and AHW (high mortality is a health and welfare problem [57]), and
therefore also had a very high overall contribution.

4.1.4. Weighting Procedure and Aggregation

In order to reduce the subjectivity of the weighting procedure [49], we established the
weights for the MCA through a Delphi-like approach [45,46]; to establish consensus, we
collected the experts’ opinion in two rounds. As we included only scientists as experts,
it would be interesting to expand this procedure to other stakeholders, e.g., farmers and
advisors, in order to base the weights on a broader expertise and to investigate differences
between the stakeholder groups. We further recommend conducting a sensitivity analy-
sis [58,59] in order to obtain additional information on the impacts of the different weights.
For example, the weight of an indicator with a high contribution could be doubled or
halved and the weights of the others adapted, respectively, in order to analyse the overall
impact on the theme score.

As the weighting procedure was performed on two levels (indicators within subthemes
and subthemes within themes), we recommend calculating the overall contribution of
each indicator to the respective theme in order to evaluate and potentially adapt the
importance of each indicator (Tables 3–6). This could mean adapting the weights or the
number of indicators per subtheme. This issue can be illustrated with the theme ENV2
(Water), which consisted of two subthemes: Water withdrawal and Water quality. Water
withdrawal consisted of six indicators and Water quality included 18 indicators (Table 4).
Both subthemes, however, were equally important and therefore both contributed 50% to
the theme score. Therefore, the indicators from the subtheme Water withdrawal (such as
Water saving technologies in the barn and Storage capacities) had the highest contribution
to the overall theme score (Table 4), whereas other indicators, such as the LCA-based
Eutrophication potential belonging to the second subtheme Water quality, had only a small
contribution (see Supplementary Material Table S10). Even though at first glance this result
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seemed strange, the selection of different numbers of indicators for these two subthemes
can be explained by the fact that water quality depends on many aspects (e.g., adapted
fertilizing management and buffer zones), whereas the available water quantity depends
on fewer indicators, of which only a few can be influenced by the farmer. The amount
of available water depends largely on climate and precipitation, and the farmer can only
ensure access to sufficient water and apply water-saving technologies.

A similar example to be discussed is the theme SOC1 (Decent livelihood). This theme
consisted of four subthemes (Supplementary Material Table S3) with Quality of life having
the highest weight (45%) and Succession having the lowest weight (15%). Therefore, it
might be surprising that the indicator Succession belonging to the subtheme Succession
had the highest contribution to this theme (Table 5), whereas other indicators (e.g., Job
satisfaction, Leisure time with family, Workload) did not contribute an amount equal to or
more than 10%. This can be explained by the fact that the subtheme Succession consisted of
only one indicator, whereas the subtheme Quality of life consisted of 11 indicators. This
imbalance overruled the subtheme weightings. Therefore, we suggest, that it would be
important to present the contributions of the indicators to the experts in a third round in
order to establish the final weight.

4.2. Application of the Tool on European Pig Farms

In the following paragraphs, we discuss the application of the tool on 63 European
pig farms with regard to its reflection of “real farm” problems. This is a crucial part of
examining the suitability of the tool. Therefore, first we focus on the indicators that were
highly relevant for a good overall theme score, but for which the farms were performing
poorly (Tables 3–6). Second, we discuss the results at the theme level, focusing on the
best and worst theme scores (Table 7). Finally, we discuss the variability found within
themes (Table 7). If all the farms were scored similarly, then the tool was not suitable for
differentiating between the farms.

4.2.1. Sustainability Challenges at Indicator Level

Within the ECO dimension, Number of sows, Number of finishing pigs, and Kilograms
of pig meat per annual working unit were indicators with a high contribution and very
low median scores, meaning poor sustainability (Table 3). One possible explanation is the
inclusion of organic farms (Council Directives 2007/834/EC and 2008/889/EC) and farms
with labels that include higher animal welfare requirements as they are usually more labour
intensive [60], and the number of sows per annual working unit is usually lower compared
to conventional farms. Furthermore, the predominance of family farms in Europe [61,62]
might have had an impact as well because in many countries family farms are still small in
order to cover the work within the family [63]. Therefore, the thresholds of these indicators
(e.g., Number of sows per annual working unit: 0 points for ≤60 sows to 100 points for
≥250 sows per annual working unit) might not be suitable for the structure of all pig farms
in Europe. It should therefore be discussed whether the tool should be adapted and made,
e.g., country-specific in order to take different farm sizes and structures into account.

The ENV indicators with low sustainability scores in our study have also been iden-
tified as sustainability problems on other farms in Europe by other studies: Arable land
not ploughed [64], Techniques to reduce emissions [65,66], Ecological focus areas [67], and
Woodland on farm [68]. They are important for a clear atmosphere and healthy soil and to
sustain biodiversity. Based on the literature, it seems justified that these indicators were
given high weights in our assessment.

Out of 23 indicators, only 5 problematic SOC indicators contributing more than 10%
to a respective theme were found within our farm sample: Fairness of prices throughout
the supply chain (breeding farms), Fairness of contracts/agreements with input suppli-
ers (breeding-to-finishing farms), Communication of risks to others that might be af-
fected, Clear rules/guidelines regarding non-discrimination, and Transparent/written
non-discrimination rules (Table 5). As the social indicators were about the perception of
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the farmer and assessed by pseudo-continuous indicators on a scale of 1 to 5 given by
the farmer or by categorical indicators, one explanation for why most indicators were
answered with a high score could be the “social desirability bias” [69]. This means that
farmers might have felt obligated to answer, e.g., that they were having no negative impact
on the environment in order to give a socially accepted correct answer. This could be
improved by asking the questions ‘the other way round’ or in such a way that farmers
perceive less clearly which answer is socially desirable [70]. It would also be interesting to
add continuous indicators based on records (e.g., daily workhours). However, as a first
step, we recommend letting farmers fill in the questionnaire by themselves, without an
external assessor, to reduce potential social pressure.

Within the AHW dimension, the following indicators had a high contribution to AHW
sustainability theme scores but mostly poor performance: Quality of roughage, Total indoor
area, Sick pen, Tail docking, and Castration (Table 6). These results can be explained by the
EU legal regulation setting minimum requirements only (Council Directive 2008/120/EC)
and reflect the actual situation of many farms in Europe. Aspects such as provision
of roughage [71], space allowance [72,73], and tail docking [74] have been identified as
welfare problems.

When improving single indicators within a dimension, however, it is necessary to
understand the impacts on all dimensions, whether there is a synergy, no effect, or a trade-
off. This is highly relevant when seeking to make decisions affecting all the dimensions of
sustainability. For example, as discussed above, animal welfare improvement measures
such as providing straw might be good for pigs but connected with higher work input [60]
or costs [75]. On the other hand, improving the Number of sows per annual working
unit could risk the quality of the human–animal relationship as the amount of human–
animal contact decreases [76]. We recommend that more emphasis should be placed on the
potential for synergies/trade-offs in future sustainability assessment research as to date
there is little scientific knowledge about these effects.

4.2.2. Themes with the Best and Worst Sustainability Scores

Median scores give information about the average performance of the sampled farms.
The breeding farms, finishing farms, and breeding-to-finishing farms had a similar distri-
bution of sustainability scores at the theme level (Figure 2).

Within the ECO dimension, the farms performed on average (median) moderately
(around 50), except for breeding farms in ECO2 Economic resilience (23; Table 7). This
was not surprising as the breeding farms were highly specialized and therefore had a high
share of external labour, and at the same time, the Number of sows per annual working
unit was rather low (see discussion above). However, it has to be kept in mind that the
sample included only 13 breeding farms, in different production systems (e.g., organic),
and therefore, the results might be case-specific.

Within the ENV theme, the farms performed best in ENV2 (Water) and worst in ENV4
(Biodiversity; Table 7). The good performance in the theme ENV2 (Water) is surprising
considering the current European water quality status. A good ecological and chemical
status was achieved only for around 40% of surface water in Europe and 75% of the ground
water [77]. However, we can explain why the farms were scored with rather high scores; it
was due to an imbalance of indicators contributing to two subthemes (see discussion above
(4.1.4. Weighting Procedure and Aggregation).

ENV4 (Biodiversity) was the theme where the farms performed the worst within
the ENV theme. This was in line with our expectation as for many years the focus of
agriculture was on increasing the fields’ productivity. At the same time, biodiversity,
which is highly relevant for food security (e.g., supporting populations of pollinators),
has decreased rapidly in the last decades [78]. More about this topic can be found in one
of our previous papers [42], in which we provide insights into the LCA and biodiversity
performance of the same farms and show that combining different assessment methods
leads to a comprehensive environmental sustainability assessment.
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Overall, high median values were found for all the themes in the SOC dimension,
except for the theme SOC2 (Fair trading practices). SOC2 was greatly influenced by the
indicators which describe whether prices are perceived as fair or unfair, which reflects the
financial pressure that farmers experience as many are forced by retailers to produce at
very low cost [79]. Regarding other SOC themes, it was surprising that all scored rather
high. For example, it is known that the breeding unit of a farm consists of periodical
tasks and, compared to the finishing unit, is the most labour-intensive phase due to work
associated with tasks such as insemination, farrowing assistance, and castration [80]. At
the same time, the Number of sows per annual working unit has increased [80], and the
agricultural sector is facing a substantial decline in employment [81]. Long working hours,
precarious working conditions, and low wages are often unattractive, and thus, this sector
relies on immigrants as the workforce [79]. However, SOC3 (Labour rights), which is highly
influenced by the indicator Sufficient workers for the daily work (42%; Table 5), had a high
median score across all farm types (100 in all farm types). This means that most farmers
considered having a sufficient number of workers for their enterprise. One explanation
might be the rather low Number of sows per annual working unit (see above).

When looking at Animal welfare, the majority of the farms performed rather poorly
with regard to the theme AHW2 (Pig comfort). Intensification and financial pressure have
led to the development of highly efficient pig farming systems (e.g., fully slatted floors and
restricted spaces per pig). However, many of these systems do not fulfil the pigs’ needs
and have negative impacts on the comfort, e.g., thermal or lying comfort. For example,
fully slatted floors do not allow farmers to provide a bedded area where pigs can rest on a
soft floor or root [82,83].

On the other hand, the farms performed well regarding the theme AHW6 (Human–
animal relationship). This theme is about the farmers’ perception of, e.g., whether a
farmer considers good animal welfare to be related to overall farm performance or not
and whether it is important to avoid force when handling animals. This high score in
this subtheme was unexpected as it is known that farmers have different perceptions of
animal welfare. Some farmers see animal welfare as fulfilling the physiological needs of
the animal, such by as providing an adequate diet, whereas others see animal welfare as
the basis of the animals’ opportunity to express natural behaviour [84,85]. One explanation
could again be the “social desirability bias” [69], where farmers feel morally obliged to
answer that they consider a good human–animal relationship as important. Some studies
have looked at the social desirability bias in consumers regarding sustainable food, as
reviewed by [86], and some studies exist about the mismatch between the farmers’ answers
regarding their animals‘ welfare and the direct observations made by an expert in the barn
on, e.g., lameness in dairy cows [87]. Some studies have already investigated methods to
reduce this bias (e.g., with the effect of indirect questioning and the information display
matrix) [70,88]. However, it would be an interesting topic for further research to explore
how the different ways of asking farmers influences their result. Moreover, similar to the
SOC protocol, it would be interesting to complement these Human–Animal relationship
themes with continuous indicators to complement this assessment with indicators that can
provide a more detailed picture of the actual situation, e.g., the amount of time that is spent
with pigs and the human approach test [44].

4.2.3. Variability at Theme Level

Variability, expressed as the mean absolute deviation from the median (MAD), gives
information if the tool allows for differentiation. We included a large variety of farms in
order to test the tool for different farming systems (Table 2). Pig farms are diverse with
regard to management, the housing system, work, or animal performances [21,80]. This
is an important strength of our study as it allows investigating whether the tool is able to
show this variability.

Both ECO themes showed a high variability. However, none of the breeding or
breeding-to-finishing farms were scored 100 (max 75), which would need an in-depth
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investigation on whether the thresholds were set at a level which was too ambitious (e.g.,
see the discussion above about the Number of sows per annual working unit).

On the other hand, the themes of the ENV dimension had a rather low variability
across all themes and farm types. Some explanations for this might be the common legal
requirements in EU countries and a comparable geographical situation (central parts of
Europe except FI). Thus, the majority of farms in this study might follow, for example, just
the legal standards regarding plant protection. In some aspects of sustainability, however,
the standard might not be strict enough to achieve high levels of sustainability, e.g., a high
biodiversity score. The ENV dimension in particular might lack incentives for farmers to do
more than meet the minimum legal requirements. It is interesting to note that none of the
farms was scored with 100 for any of the ENV themes. This reflects the multidimensionality
of the themes whereby all the themes consisted of 17 to 24 indicators (Table 4), which made
it very difficult to achieve a score of 100.

Within the SOC themes, interestingly, besides high median values, we also found
a high variability. This means that even when the majority of the farms received high
scores, some farms were scored rather poorly. The present study included small farms and
large farms (17 to 1767 sows; Table 2) as well as family farms and farms with a high share
of external labour (0 to 100% family internal workforce). Therefore, one explanation for
the high median but large variability could be the difference in the size of the farms, the
organisation, and the level of technology, as well as country/cultural differences. Another
reason might be that different farmers also have very different expectations about quality
of life in terms of leisure time, weekends, and preferences about daily work [80], which
might have been reflected in their answers.

The variability of the AHW themes depended on the theme and farm type. Whilst
some AHW themes did not show large variability, AHW1 Comfort and AHW4 Absence of
pain by management displayed rather high variability in finishing farms. Similarly to the
ENV themes, we explain the low variability in some themes (e.g., Pig comfort) by the fact
that many farms followed only the minimal requirements (e.g., space allowance). In fact,
for some sustainability indicators such as space allowance, we decided to set the thresholds
more ambitiously than what might be found on real-world farms in order to give a hint
for improvement. For example, in Austria, based on legal requirements a conventional
lactating sows needs an indoor area of 4 m2 (BGBl. II Nr. 485/2004: 1. Tierhalteverordnung)
and an organic lactating sow an indoor area of 7.5 m2 (Council Directives 2008/889/EC).
However, we set the threshold for 100 points at 10 m2 as space allowance is a crucial
factor for animal welfare [72,73]. This was similar for all the animal categories. The higher
variability in AHW1 and AHW4 on the other hand might be due to the inclusion of farms
with higher standards, e.g., organic regulation requiring, e.g., the provision of roughage
and restricting mutilation. Similar to the ENV themes, most of the AHW themes consisted
of several indicators (Table 6), which probably made it difficult for farms to achieve a
composite score of 100.

4.3. Limitations, Further Research, and Applications

Compared to other sustainability assessment tools, such as RISE [28], SMART [25],
and SAFA [29,30], the SusPigSys tool has advantages for pig farmers due to its specific
focus on pig farming and the inclusion of a detailed AHW section. The tool can help pig
farmers to improve farm management in an integrative way. However, one weakness of the
tool could be the time needed to fill in the questionnaire. The calculation of a farm-specific
LCA requires detailed data; additionally, the direct observation of pigs (e.g., tail lesions) is
time-consuming. This might lead to questionnaires that are not completely filled in, and
therefore, the analysis cannot be performed. However, both LCA and animal-based AHW
analysis provide valuable information to pig farmers. This is clearly a trade-off between the
time needed and the level of detail of the analysis, as also pointed out by [89]. We therefore
suggest a study about the user-friendliness and the benefits for farmers similar to that
of [31] in order to further develop the tool. In addition, it would be convenient to connect
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the app with already existing databases (e.g., productivity records and online slaughter
data) to reduce the time spent with filling in the questionnaire. However, one problem could
be data protection. Furthermore, the programming of such interfaces between databases
and software applications needs the agreement from both parties and is usually difficult to
organise, sometimes even impossible due to technical difficulties.

Another limitation of the tool is that it focuses mainly on most commercial farm types.
For example, the number of indicators for pigs kept on pasture is rather small compared
to the number of indicators for farms with pigs kept in barns. This would need further
development of the indicators for pasture-based pig farms.

Further investigations could focus on the parameters, which were identified as re-
sponsible for high sustainability scores. This could help to identify iceberg-indicators in
order to shorten the assessment. However, this also bears risks in that many details get
lost, and the farm-specific feedback is less detailed. Therefore, such an assessment could be
performed as a starting point in order to find out the weakest sustainability dimension of a
farm, followed by further, more detailed analysis.

Another important aspect for further research is to analyse the farm and management
characteristics to better understand why some farms perform better/worse than others
with regard to the four dimensions. Furthermore, it would be interesting to investigate the
farmers’ viewpoints on the motivational aspects of improving sustainability, in a manner
similar to the study of [90], who conducted such a study on animal welfare.

Overall, the tool has not only benefits for pig farmers but also for other stakeholders.
It could potentially be used in the future to examine whether the requirements for a specific
label are met [91]. Furthermore, advisors could monitor the development of farms in terms
of sustainability and focus their advice on the specific weaknesses of a farm or a group of
producers. For further research, it would be interesting to apply the tool repeatedly, e.g.,
with the interval of one year in between, to monitor the effectiveness of the implemented
sustainability measures.

5. Conclusions

This study has demonstrated that multi-criteria analysis is a suitable method for
assessing the sustainability of pig farms as it allows the coverage of a wide range of topics
relevant to sustainability. When setting up the MCA framework, however, each step is
crucial for the outcome. For the selection of the indicators, we recommend including both
categorical and continuous indicators in order to balance feasibility and the level of detail.
The scaling should be based on the literature and should consider the variability of farms,
including, e.g., outdoor farms. We recommend performing the weighting procedure with
experts (scientists, advisors, and farmers) in several rounds. Furthermore, transparency is
a key element of such an MCA, and all steps should be documented and communicated.

A crucial part of the development of a tool is the evaluation of its suitability for
European pig farms. In several themes, our tool reflected the sustainability challenges
of pig production, which are controversially discussed in society, e.g., pig comfort and
biodiversity. However, we recommend that some themes and indicators (e.g., Number of
sows per annual working unit, Succession) be considered in more depth as the low scores
may have been influenced by our sample, choice of thresholds, and weighting procedure.
In the next step, a sensitivity analysis should be performed in order to evaluate, for example,
the expert weights. Furthermore, the validity of the tool should be investigated through
comparing the output from the present sustainability tool with the already existing tools.

Overall, the sustainability assessment tool developed within the SusPigSys project
provides a comprehensive view of a farm on the theme level so that the farmer receives a
first insight about the farms strengths and weaknesses, i.e., a so called hot-spot analysis.
This paper covers gaps within the literature of sustainable agriculture (e.g., by examining
sustainability at the farm level through the lens of four dimensions, including AHW). It
contributes to the development of a robust integrated sustainability framework which can
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be applied by researchers. Moreover, this tool allows pig farmers to assess, benchmark, and
potentially improve their farm sustainability performance based on their results.
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