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Abstract: Beef and lamb meat production is associated with important cultural, economic and
environmental impacts in most countries worldwide. However, it is also related with sustainability
challenges. To enable cattle and sheep farming to develop in line with sustainability, existing
knowledge need to be implemented and identified knowledge gaps filled. The purpose of this
article was to systematically map the scientific literature on environmental, economic and social
sustainability at farm-level beef and lamb meat production to identify knowledge gaps and to point
to important future actions and areas of research. Papers published January 2000–August 2020 with
a geographical origin in Europe, Northern America, and Australia-New Zealand were included.
The systematic literature search resulted in a total of 1355 hits; however, after removing papers
which were considered out of the scope of the study, and duplicate papers, only 22 and 11 papers
related to beef and sheep farming, respectively were retained for further analysis. Of these, only 11
in total included all three sustainability dimensions. Several papers only mentioned one or two of
the sustainability dimensions or put them in relation to that/those main dimension covered, thus
limiting the extent to which possible synergies or tradeoffs between different sustainability aspects
actually can be studied. This indicates a need for a more comprehensive approach when studying
farm-level sustainability. Future research would benefit from a more holistic approach and include all
dimensions of sustainability within the same study. Further, focus should also be on how to measure
and assess sustainability aspects in a standardized way.
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1. Introduction

Cattle (Bos taurus) and sheep (Ovis aries) farming for meat production is associated
with important cultural, economic, and environmental impacts in most countries world-
wide. In particular, livestock production contributes in important ways to improving the
quality of everyday life of many societies, since it provides an income for many families
and helps to meet the demand for food and ensure regional and global food security. As
such, beef and lamb meat farming contributes to several of the 17 global Sustainable Devel-
opment Goals (SDG) set by the United Nations. In this respect, it contributes in particular
to SDG1: zero hunger, SDG3: good health and wellbeing, and SDG8: decent work and
economic growth [1,2]. At the same time, beef and lamb meat farming may compromise
other SDGs, for instance SDG13: climate action and SDG15: life on land. In 2018, global
beef and sheep meat production was around 67 and 10 million tons per year, respectively,
which corresponded to an increase of 76% and 77%, respectively, between 1970 and 2018.
Over the same period, the number of cattle reared for meat production increased by 44%
and the number of sheep by 56%, resulting in 302 million cattle and 574 million sheep
worldwide in 2018 [3].
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There is an increasing demand among consumers for food products to be produced in
a sustainable way, and consumers are more and more considering the ethics of production
methods when evaluating product quality [4]. Further, there is increasing awareness of
the environmental challenges agricultural production is facing, constant pressure on farm
incomes, and animal welfare concerns, which have paved the way for a growing interest in
sustainable animal food production [5].

Sustainable development has since been defined as ‘development that meets the needs
of the present without compromising the ability of future generations to meet their own
needs’ [6]. There exists no universal definition of sustainable livestock production, however
work by Torp-Donner and Juga [7] described it as the type of production that take both
biodiversity and the environmental impacts beyond biodiversity into consideration, and
is ethically and economically sound and ecologically sound. Tilman et al. [8] described
sustainable agricultural production as the utilization and management of agricultural lands
in such a way that it can keep its productivity, vitality, regenerative capacity and biological
diversity, both today and in the future. Furthermore, it should contribute to significant
social, economic and ecological functions locally, nationally as well as globally. [8]. This
means that a sustainable production system must integrate and meet targets at all three
dimensions of sustainability, i.e., environmental, economic, and social.

Today, more than 70% of the world’s agricultural land is used for livestock production,
either as land for grazing or as land to grow animal feed [9]. In order not to compete with
cultivation of foods directly edible for humans, it becomes more and more important to use
products which cannot be directly consumed by humans as animal feed and to a greater
extent use lands for animal feed production that are not suitable for production of food
products for direct human consumption. Ruminants can eat grass, leaves, and other fibrous
materials that humans cannot eat, and convert them into milk and meat. Hence, if they are
not fed grain to a large extent, ruminant production systems can be both sustainable and
valuable and can contribute to better use of world’s resources [10].

Ruminant livestock systems are related to considerable sustainability challenges. Emis-
sions of greenhouse gases (GHG) to the atmosphere is one of the most pressing. Gerber
et al. [11] estimated that about 40% of all livestock GHG emissions originate from beef
production and its supply chains. Methane (CH4) is the dominant source of GHG emissions
from ruminant farming systems, where enteric fermentation in the rumen comprises the
majority [12]. Production of GHG is strongly correlated with the dry matter intake of
the animal, since the more feed it consumes, the more methane is produced [13]. Hence,
increased production efficiency would not only increase the profitability, but also improve
the environmental performance of beef cattle and sheep/lamb meat farming systems [14].
Further, there are reports suggesting that beef production uses too much of the world’s
resources [15]. However, many of these reports refer mainly to feedlot systems, and beef
production systems differ significantly in aspects such as the amount of land and water
used. Broom [10] showed that data referring only to feedlot systems are misleading and
are invalid for understanding the most sustainable beef production systems, e.g., con-
served water use (rainfall not included) is eight times higher in feedlots compared with
silvo-pastoral systems. To evaluate the sustainability of a food production system, it is
important to take aspects related to all sustainability dimensions into consideration. These
aspects include the use of land and water, but also social sustainability, animal welfare,
economic sustainability, and environmental impacts including pollution, biodiversity and
global climate [16]. Furthermore, all sustainability aspects needs to be evaluated simultane-
ously [17,18], and all individual aspects can make the production system unsustainable [10].
Furthermore, for a production system to function, its economic viability is also essential.
Beef and lamb meat production is most often performed by private firms and, in order
for these firms to survive, their economic results are instrumental. Ignoring the economic
sustainability of agriculture may lead to reduced interest among farmers in necessary
investments and measures to improve environmental impacts and social conditions, or
even in remaining in production [18]. Farmers’ sense of wellbeing and quality of life, which
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is an essential part of social sustainability, is influenced for instance by social relations
and technical solutions within production [19,20]. The societal acceptance of agricultural
practices is also related to social sustainability. One aspect of this is the public’s concerns
about farm animal welfare [21,22], as it is directly linked to human acceptance of about
livestock production methods. Agriculture can be also expected to contribute to rural
economic growth and attractiveness which also likes with the social sustainability of rural
communities [18]. Animal production is an important value-adding activity in rural areas
compared with arable farming, where a larger share of the total supply chain value-adding
occurs away from the farm. Therefore, sustainable development of agriculture is really a
result of all three dimensions of sustainable development.

Different dimensions of sustainability in beef cattle and sheep farming have been
examined in many studies. However, to date, there is no comprehensive overview of the
research field that summarizes the state of the art in this area. The development of more
sustainable cattle and sheep production systems would benefit from such an overview.
This could be used as a basis to identify knowledge gaps. It could also be used to point to
important future actions and areas of research. Accordingly, in this study we conducted
a systematic map of the scientific literature related to sustainability at the farm-level in
cattle and sheep production system. The study was limited to original work conducted
in Europe, Northern America, Australia and New Zealand. This enabled a focus on
production systems that are established in similar economic and institutional contexts.

2. Materials and Methods

The research presented in this paper is part of a larger project about sustainability
in livestock production. Findings related to dairy [23], pig [24], finfish [25] and egg and
chicken meat [26] production at farm-level have been published previously.

2.1. Definition of Fundamental Concepts within Sustainability

Sustainability is a holistic concept, but dividing it into different dimensions facilitates
the implementation of an empirical analysis. The outcome can then provide a foundation
for further scientific analyses on a higher level, e.g., to evaluate possible synergies or
tradeoffs between, and within, the different dimensions of sustainability. When investi-
gating the overall sustainability of a specific production system, it is crucial to include
both the environmental, economic and social dimensions. In the present study, the three
sustainability dimensions were defined as described below.

2.1.1. Environmental Sustainability

The environmental dimension of sustainability includes all human impacts on ecosys-
tems and the natural resource base. There are many methods for analyzing environmental
sustainability, among which quantified methods dominate. These methods differ in terms
of aggregation, geographical coverage, focus, and environmental dimension, and in the
scope of quantification with a product or production focus. For agriculture as a food
producer, life cycle assessment (LCA) is the most established method, in research and
business and by authorities. LCA is product-focused, i.e., it quantifies impacts for a spe-
cific product regardless of economic ownership, e.g., typical results are “impacts per kg
bone-free meat at retail” [22]. The LCA framework includes all aspects of human impacts
on ecosystems and use of natural resources, but the aspects included are determined by
the aim of the study. This is a way to reduce the costs of performing an LCA but it means
that LCA studies covering all aspects are extremely rare. More often, limited numbers
of environmental aspects are included, in agricultural analyses typically climate impact,
plant nutrient-related impacts, and use of land and energy. Other methods for quantifying
environmental impacts share the systems approach with LCA, and to some extent also the
assessment of impacts. The ecological footprint approach, which is also well established,
aggregates all impacts on ecosystems and use of resources into a single unit, a hypothetical
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area needed to absorb impacts and regenerate resources. This simplifies comparisons, but
complicates understanding of the causes of impacts [23].

2.1.2. Economic Sustainability

Research to date has not clearly established how economic sustainability is best
measured [27], but standards for sustainability accounting such as the Global Reporting
Initiatives [28] represent a useful attempt to provide guidelines from an accounting perspec-
tive. The Global Reporting Initiatives [28] highlight economic indicators such as revenues,
profits, investments, and costs. From a theoretical point of view, there are two possible
perspectives on economic sustainability. The first focuses on the use of natural resources
within an economic system and view sustainable economic activity as being undertaken
in such a way that natural resources are not harmed. In this perspective, the concept
of externalities is useful in conceptualizing and fully capturing all costs associated with
production. The other perspective focuses on growth of the system, basically implying
that economic sustainability can be achieved when there is enough return on invested
capital. In this perspective, a distinction is made between weak and strong sustainability,
depending on how natural and economic capital are combined in the evaluation [29,30]. In
weak sustainability the two kinds of capital are combined, while in strong sustainability
they are evaluated separately [30].

2.1.3. Social Sustainability

The least well-defined sustainability dimension is the social sustainability. This is also
the dimension that most often goes unnoticed [31]. Social sustainability can be defined
as societal progress of processes and structures to meet the needs of today and, at the
same time, create a base for further sustainable development in the future. In this project,
the term social sustainability covered social equity, health equity, livelihood, labor rights,
community development, and community resilience. Animal health and animal welfare
were also included, as these aspects are important for consumer acceptance of beef and
lamb meat production.

2.2. Systematic Mapping Approach

In this project, a systematic mapping approach was used for the analysis. This is a
transparent, robust, and repeatable method which provides an organized compilation of
published papers in the topic of interest [32,33], but without further synthesis or processing
of the study results [34]. Instead, systematic mapping is used to identify and collect the
published papers within a particular research topic and to identify knowledge gaps where
future research is needed. A systematic review, on the other hand, aims to answer a
specific research question [34] by collecting relevant papers and to synthesize the results
using a suitable method, e.g., meta-analysis [33,34]. A full systematic review was not the
aim of this study but, in addition to the systematic mapping, data was extracted from the
mapped literature to identify which aspects of the three sustainability dimensions that were
included in each study. In the analytical process, the extracted keywords were compiled
and categorized to get a picture of which aspects that were studied.

2.3. Literature Search

To obtain an unbiased selection of published papers dealing with sustainability at
farm-level in beef and lamb meat production, a comprehensive search of available literature
databases was conducted. The online databases used for this purpose were Web of Science
Core Collection, CABI: Cab Abstracts, and Scopus. The searches were restricted to literature
published between 1 January 2000 and 27 August 2020.

In order to identify relevant articles in relation to sustainability at farm-level in beef
and lamb meat production, the following species-specific search strings were used: ‘(beef
OR steer OR steers OR cattle OR heifer* OR “dairy bull*” OR “dairy breed*” OR “suckler
cow*” OR “cattle herd*”)’ and ‘(ewe* OR lamb* OR ram OR rams OR sheep OR wether*
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OR “sheep meat”)’. The species-specific search strings were then used in combination with
search strings for the three dimensions of sustainability (Table 1). The searches for beef and
lamb were conducted separately for each species.

Table 1. The search stings used to identify papers studying environmental, economic, and social
sustainability at farm-level in beef and lamb meat production.

Sustainability
Dimension Search Strings 1

Environmental

(“environmental impact assessment” OR (environment* W/2 assessment)
OR (environment* W/2 impact) OR (environment* W/2 protection) OR
(climate W/1 change*) OR biodiversity OR ecosystem* OR pollution OR
deforestation OR eutrophication OR (habitat W/2 destruction) OR (land
W/2 degradation) OR (ozone W/2 depletion) OR “acid deposition” OR

(odour W/2 emission) OR “air quality” OR “biochemical oxygen demand*”
OR “chemical oxygen demand*” OR (nitrogen W/2 balance) OR (nitrogen
W/2 cycle) OR (carbon W/2 cycle) OR eco-toxicity OR “carbon footprint”

OR LCA OR “life cycle assessment”)

Economic

((agricultur* W/2 development) OR (agricultur* W/2 production) OR
(farm* W/2 comparison*) OR (farm W/2 entrant*) OR (farm W/2 result*)

OR (farm W/2 development) OR production OR diversification OR
intensification OR “technical efficiency” OR “economic efficiency” OR

“eco-efficiency” OR profit OR econom* OR return OR “economic viability”
OR “economic performance”)

Social

((attitude* W/2 work) OR labour OR labor OR (quality W/2 life) OR
“living condition*” OR “rural welfare” OR (work* W/2 condition*) OR

“rural development” OR “social welfare” OR “social security” OR “social
service*” OR “social equity” OR (health W/2 service*) OR “social status”
OR (women W/2 status) OR “equal right*” OR equality OR (rural W/2
employment) OR livability OR “health equity” OR “labour rights” OR

“labor rights” OR “social justice” OR “social capital” OR (community W/2
development) OR (community W/2 resilience))

1 The Boolean operator W was used for the search in Scopus, while the Boolean operator NEAR was used for the
searches in Web of Science Core Collection and CABI: CAB Abstracts.

On completion of the searches, the results from each database were imported into
a separate library in EndNote X8TM. For each individual search, the number of hits was
recorded. Before the review process, one single library was created for beef and lamb,
respectively. The automatic function in EndNote X8TM were then used to remove duplicate
papers. Then, the libraries were manually scanned for papers dealing with sustainability at
farm-level in beef and lamb meat production.

To be included in the systematic mapping, the papers had to be full-length, trial-based
papers written in English. Further, papers had to originate from Europe, Northern America,
or Australia-New Zealand.

3. Results

In total, 1009 hits related to beef cattle and 346 related to lamb were obtained (Table 2).
After duplicates were removed and papers that did not fit the scope of the systematic
mapping, i.e., papers dealing with dairy (both cattle and sheep) or wool production,
conference abstracts, review papers, book chapters, non-peer-reviewed reports, and articles
not written in English, were excluded a total of 22 and 11 papers dealing with beef cattle
and lamb, respectively remained (Appendix A). These 33 papers were included in the
analysis and categorized based on which aspects of sustainability that were studied. Of the
included studies, three quarters were conducted in Europe (Table 3).
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Table 2. Total number of hits in the databases used (duplicates and literature other than peer-reviewed
articles included).

Cattle Sheep

No. % No. %

CABI: Cab Abstracts 522 52 175 51
Scopus 259 26 94 27

Web of Science Core Collection 228 22 77 22
Total 1009 100 346 100

Table 3. Number of papers included in the systematic mapping dealing with one or more of the
sustainability dimensions, based on geographical origin.

Europe Northern America Australia & New Zealand

Cattle Sheep Cattle Sheep Cattle Sheep

Total 14 11 6 0 2 0
Environmental 7 5 4 0 2 0

Economic 10 7 6 0 1 0
Social 9 9 4 0 0 0

All three
dimensions 6 3 2 0 0 0

The articles included in the systematic mapping were evaluated based on the three
sustainability dimensions and whether all three dimensions, or just one or two, were part
of the paper. While reading, we discovered that in some papers aspects of environmental,
economic or social sustainability were merely mentioned, e.g., in the abstract or introduc-
tion, but were not actually studied. It was also common for one or two dimensions to be
discussed only briefly in relation to that/those actually measured and analyzed.

In the final set of papers, 40% of those dealing with beef cattle and 27% of those
dealing with sheep had actually studied all three sustainability dimensions (Table 3).

In the mapping process, keywords describing aspects of the sustainability dimensions
dealt with in each study were identified and categorized (Figure 1).
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When it comes to environmental sustainability in beef cattle production, the main
focus was on GHG emissions and nutrient balance in the soil. Variables most often studied
in relation to GHG emissions were different rearing systems, e.g., grazing different types of
pasture and indoor feeding. Biodiversity was also included in several papers. One paper
included renewable energy sources and energy use. In papers dealing with sheep, the main
focus was on biodiversity and there was a much smaller focus on GHG emissions than in
papers studying beef cattle.

Economic sustainability in relation to beef cattle production was most often measured
as farmers’ income and farm profitability comparing different production systems, focusing
on different feeding strategies and rearing systems. Economic sustainability also included
incomes generated by subsidies. Animal performance, such as age at weaning and average
daily gain, and production costs for feeds (grass and cereals) were included in economic
sustainability. One study focused on the opportunity cost of land if oat for producing oat
drink were grown instead of producing beef meat. In the sheep papers, the focus was on
farmer income. In addition, the cost of leasing pastureland and grazing fees were studied.

A wide variety of aspects were covered in the papers including social sustainabil-
ity. Several studies included aspects such as farmers’ income, labor costs, and working
conditions (workload, working hours). Further, depopulation of rural areas, nutritional
composition of the meat, and reasons for continuing farming were studied. In addition,
policies and regulations and government budgets for subsidies were studied. One paper
dealing with sheep farming concluded that systems for subsidies promoted a divergence
between two social groups (in this case cultivators and pastoralists).

Five of the papers dealing with beef cattle included animal welfare in the sustainability
measures, while three of the sheep papers did so. Aspects raised in in relation to animal
welfare were stocking density, implementations of animal-based policies, animal health
and wellbeing, and societal concerns about animal welfare.

Among the papers dealing with beef cattle, 50% were based on modeling, scenario
analyses, and/or analysis of already existing data (Figure 2). Among the papers dealing
with sheep the proportion was similar (44%) (Figure 2). A vast majority of the papers
(84% for beef cattle and all but one for sheep) regarded today as the time perspective.
The remaining sheep paper and 5% of the beef cattle papers were looking to the future,
5% compared the past with the present, and 5% covered the whole span of past, present,
and future.
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4. Discussion

The systematic mapping approach used in this study provided a structured overview
of the present state of knowledge regarding environmental, economic, and social sustain-
ability on farm-level in beef and lamb production. Based on these results, knowledge
gaps can be identified and priority areas for future research can be discussed. During the
mapping process, we found that almost 40% of the beef papers and barely 30% of the sheep
papers included in the analysis covered all three sustainability dimensions simultaneously.
This was a surprisingly low number, bearing in mind that sustainability has been on the
agenda for over 30 years and that beef and lamb meat farming is an important share of
global livestock production. However, in previous systematic mappings we detected a
similar trend among papers covering sustainability on farm-level in other species [23–26].
It was more common for papers to cover one or two of the sustainability dimensions.
Overall, the economic dimension was covered by around 80% of both beef cattle and sheep
papers, thereby making it the most commonly considered sustainability dimension in beef
cattle and sheep farming papers. The currently slim economic margins in beef cattle and
sheep farming are a likely reason for the evident interest in farm-level economic sustain-
ability. Furthermore, beef cattle and lamb meat production today poses environmental
sustainability challenges, mainly due to emissions of GHG. The importance of this matter
could be seen in the beef cattle studies, where nine of the thirteen papers that included
environmental sustainability studied GHG emissions. However, only one of the six sheep
papers that included environmental sustainability studied GHG emissions, and instead
biodiversity and land use were the main aspects of environmental sustainability considered.
Social sustainability was studied to a larger extent in the beef cattle and sheep papers than
previously observed in systematic mappings of dairy [23], pig [24], finfish [25] and egg and
chicken meat [26] production.

Throughout the mapping process, keywords describing sustainability aspects covered
in each paper were extracted and categorized. A major challenge during this process was
the diversity of aspects used to define and describe sustainability in the different studies. As
an example, ‘economic sustainability’ was used in relation to everything from the farmers’
income in a specific rearing system to aspects relating to the common agricultural policy of
the European Union. For the term ‘social sustainability’, the variety of aspects included was
even wider, probably due to the fact that there is no common definition of this dimension.
This wide variety of aspects, combined with the wide variety of approaches used in the
papers included, made it difficult to compare the studies. During the mapping process in
the work presented here, and also in our previous mappings of dairy [23], pig [24], and
egg and chicken meat [26] production, it became apparent that a prioritized area for the
future should be to develop a uniform definition and nomenclature for different aspects of
sustainability. Standardized nomenclature would facilitate comparisons of results from
different studies and help to draw more general conclusions.

From the start, animal welfare was not included as an aspect of sustainability and,
hence, it was not included in our search strings. It was, however, added as a part of
sustainability during the analysis of the included papers. As a concept, animal welfare
consists of many different aspects and can be considered part of all three dimensions
(environmental, economic, and social) of sustainability. For example, Nieto et al. [35]
measured performance and GHG emissions of beef production and found lower emissions
on farms with higher standards of animal welfare. Improving the welfare of beef cattle and
sheep is a way of ensuring high productivity and, at the same time, minimize the GHG
emission per kg of meat produced [36]. Improved animal health and animal productivity
can also enhance the economic sustainability of production [37,38]. Animal welfare has
in fact been suggested as an dimension of sustainability on its own [39]. However, in this
work animal welfare was included in social sustainability. There is a growing awareness of
animal wellbeing among the general public [21,22], an issue which is hence closely linked to
societal view and acceptance of livestock production. Further, animals are living beings and
as such they are part of the social system on the farm, and of society as a whole, so animal
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welfare can be considered to belong to the social dimension of sustainability. With this in
mind, it is likely that other aspects of sustainability can be interconnected in a similar way.
During the mapping process, it became clear that the existing literature to date does not
consider or describe these occurring connections. Moreover, possible positive or negative
interrelations between the various aspects of the different dimensions of sustainability are
not discussed. This should be highlighted and prioritized in the coming future.

In addition to the sustainability dimensions so far covered in this paper, governance, or
institutional, sustainability has been identified as a part of the sustainability concept [40,41].
Governance sustainability has been defined the rules that govern human interrelations in
a society [41]. Without supervision, there is a risk that the other dimensions of sustain-
ability will not always be maintained [18]. Beef cattle and sheep farming, which includes
animal husbandry, grazing and crop production, is regulated both nationally and interna-
tionally. Therefore, it would be of value to also include governance sustainability when
assessing farm-level sustainability in beef and lamb meat production. Apart from a study
by Paraskevopoulou et al. [18], this dimension was not mentioned in any of the papers
included in the mapping. However, in some of the papers aspects such as policies was
included in the within the social dimension and subsidies within the framework of eco-
nomic sustainability, although both policies and subsidies clearly should be included in the
governance dimension.

Nearly half of the articles included in the mapping were based on analysis of existing
data, scenario analysis, or modelling. The same trend was seen among papers studying sus-
tainability at farm-level in relation to dairy production [23]. These are efficient approaches
to study the effects of different management strategies, including e.g., animal rearing, graz-
ing management and cropping systems, on environmental impact or economic outcomes.
However, when using these methods, it is crucial that the calculations are based on data
that is valid and up-to-date in order to obtain representative estimates. Further, conditions
for agricultural systems and practices differ in e.g., precipitation, temperature and soil
types, both between countries and between regions within countries. In addition, laws
and regulations differ between countries, which affects beef and lamb meat production in
general and perhaps the economics of beef and lamb farming in particular. With this in
mind is it even more important to make sure that the calculations are based on data which
is valid for the conditions and production systems where the outcomes are to be applied.
Otherwise, there is a risk that the measures, based on the results, implemented on the farms
will not have the desired effect and hence not contribute to a sustainable development of
beef and lamb production.

Study Limitations and Future Research Prospectives

In order to get as comprehensive search results as possible in systematic mapping, the
design of the search strings is crucial. In the present study, we included search terms for
environmental, economic, and social sustainability in the searches, but found that just a
small share of the papers identified covered the three dimensions of sustainability simul-
taneously. However, no library search is comprehensive enough to cover all conceivable
terms for the topic of interest. Hence, there might be more published papers covering
these issues that did not appear in our searches, since they might not have included the
exact terms and indicators present in our search stings. It is a challenge to create a search
string that is inclusive and at the same time specific enough to find papers relevant for
the area of interest. Another obstacle might be the format in which we normally publish
research results today. Sustainability is a very complex concept and studies including
several aspects may not fit into the common format. Large, complex studies tend instead to
be published in several, separate papers with each paper dealing with one of the different
sustainability dimensions. Consequently, there might be relevant articles that we missed
in the searches. However, since the search strings developed and used in this study can
be considered extensive, we believe that they identified most of the published scientific
literature covering sustainability at farm-level in beef and lamb meat production.
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As a result of this study, we were able to identify a number of knowledge gaps that
may form the basis for further discussions about future research needs and measures that
needs to be taken and there are a few points we would like to raise.

Firstly, it emerged that there are just a small number of published papers that ac-
tively include all three dimensions of sustainability simultaneously in relation to beef and
lamb production. In the present study, just under half of the papers identified included
both environmental, economic and social sustainability. In a number of papers, one or
two of the dimensions were not actually studied but just set in relation to the one/ones
measured, thus limiting the extent to which associations between different sustainability
dimensions can actually be studied. Further, 19 of the total 33 included papers were based
on analysis of existing data, modelling, or scenario analysis. This indicates a need for a
more comprehensive approach when studying farm-level sustainability in beef and lamb
meat production.

Secondly, we found that, in the set of papers mapped, there was a large diversity
of aspects used to define and describe farm-level sustainability in beef and lamb meat
production. In addition, just one paper included aspects of governance sustainability. How-
ever, in several papers aspects related to this dimension were included in the framework
of social and/or economic sustainability instead. Due to the large diversity of aspects
included in different studies, it is hard, or even impossible, to make useful comparisons
of studies and to draw further conclusions. Once again, future research would benefit
from a more holistic approach and include all dimensions of sustainability, including the
governance dimension, and analyze them simultaneously and on the same level within a
particular study. Further, focus should also be on how to measure and assess sustainability
dimensions, and individual aspects within them, in a standardized way.

Thirdly, none of the identified papers showed or explained any possible interrelations
between different aspects of sustainability. Hence, potential synergies or negative effects
between aspects, both between dimensions but also within dimensions, still needs to be
investigated. A better understanding of these interrelations and interactions would be
an important piece of the puzzle in the work on determining how to improve individual
aspects of sustainability but also how the entire farm-level sustainability can develop in a
positive way.
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Appendix A

Papers included in the systematic mapping:
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doi:10.1016/j.livsci.2020.104031.
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doi:10.1007/s10668-019-00450-0.
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2017, 155, 168–178, doi:10.1016/j.agsy.2017.04.011.
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14. Röös, E.; Patel, M.; Spångberg, J. Producing oat drink or cow’s milk on a Swedish
farm — Environmental impacts considering the service of grazing, the opportunity
cost of land and the demand for beef and protein. Agric. Syst. 2016, 142, 23–32,
doi:10.1016/j.agsy.2015.11.002.

15. Röös, E.; Patel, M.; Spångberg, J.; Carlsson, G.; Rydhmer, L. Limiting livestock
production to pasture and by-products in a search for sustainable diets. Food Policy
2016, 58, 1–13, doi:10.1016/j.foodpol.2015.10.008.
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European Low-Intensity Systems of Grassland Management. In Advances in Agronomy;
Academic Press: Cambridge, MA, USA, 2007; Volume 96, pp. 351–420.

2. Cammerino, A.R.B.; Biscotti, S.; De Iulio, R.; Monteleone, M. The sheep tracks
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