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Abstract
The assessment and quantification of agricultural sustainability remain disjointed with 
many methodological frameworks used by the research community. Defining ‘indicators’ 
as measurable variables used to assess targeted areas of sustainability, this study provides 
a systematic review of studies simultaneously employing indicators across social, econom-
ic, and environmental pillars of sustainability to assess the farm-level performance of Eu-
ropean arable agriculture. Based on strict search criteria, 36 publications were identified, 
employing 22 different frameworks and multiple unique indicator combinations. Overall, 
the analysis demonstrates that whilst many existing assessment structures are similar in 
their overall approach, there are large differences in the total number of indicators used 
and a common trend towards a higher number of environmental, rather than economic 
or social indicators. Across the three pillars, common indicators included the treatment 
and accessibility of labour, production efficiency, environmental care during production, 
and impacts on soil quality, suggesting that improvements in these areas on farms are 
considered to support their sustainability. The review also identified trade-offs between 
the broad applicability and site specificity of sustainability assessment frameworks, sug-
gesting that a minimal set of indicators incorporating these key areas could be used across 
frameworks to support comparisons. This review identifies research gaps, summarises 
conflicting methodologies, and provides scientific reference and guidance for the evalua-
tion of the sustainability of European agricultural systems.

Keywords  Agricultural sustainability · Sustainability assessment · Review · Indicators · 
PRISMA
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1  Introduction

With the world population forecasted to grow to about 10 billion by 2050 (UNDESA, 2022) 
and the consequent pressures placed on an array of global systems (Barnosky et al., 2016; 
Mccauley et al., 2015; Challinor et al., 2014; Foley et al., 2005), the need for sustainable 
development and protection of the Earth’s finite resources is paramount. The concept of 
sustainable development is widely recognised as the development of systems which can 
support the needs of today without compromising the ability to meet the needs of the future. 
The transition of the global food system is critical as it provides the fundamental basis of 
human health and well-being and is a principal cause of the exceedance of many planetary 
boundaries including biogeochemical flows, biosphere integrity and land-system change 
(Richardson et al., 2023). For example, excessive application of nitrogen (N) and phospho-
rus (P) in agroecosystems greatly influences the global N and P cycle, can pollute coastal 
marine waters and reduce biodiversity (Swaney et al., 2012). Campbell et al. (2017) sug-
gests that agriculture may cause 80% of the decline in biosphere integrity through its role in 
driving deforestation, habitat fragmentation and biodiversity loss. Simultaneously, food sys-
tems are responsible for one-third of the anthropogenic greenhouse gas emissions (Crippa 
et al., 2021) and food inequalities are related to unequal productivity and distribution, food 
waste, poverty, and limits on land access (Evenson & Gollin, 2003; Papargyropoulou et al., 
2014).

The publication of the Brundtland Commission (WCED) report: ‘Our Common Future’ 
(Brundtland, 1987) and the 2002 World Summit on Sustainable Development highlighted 
the multi-dimensional impact of agriculture (Pham & Smith, 2014; Summit, 2002; Von 
Frantzius, 2004). In 2023, the UN agreed a declaration on sustainable agriculture, resilient 
food systems and climate action at COP28 in Dubai. Three pillars or dimensions of sustain-
ability, that is economic, environmental, and social sustainability are now commonplace in 
the discussion of a sustainable future. Consequently, in the effort to enable a transformed, 
sustainable world, many of the 17 Sustainability Development Goals (SDGs) adopted by 
the UN Member States align with the advancement of more sustainable food systems. This 
includes Responsible Consumption and Production (12), No Poverty (1), Zero Hunger (2), 
Gender Equality (5), Reduced Inequalities (10) and Decent Work and Economic Growth (8).

Despite an extensive literature, the assessment and quantification of agricultural sus-
tainability remain disjointed. Many methodological frameworks, also referred to as tools, 
assessing the sustainability of agricultural systems have been presented by the research 
community (Meul et al. 2008; Leiva and Morris 2001; Gaviglio et al. 2017; Gómez-
Limón and Riesgo 2009; Özden and Acar 2022; Peano et al. 2014; Feledyn-Szewczyk and 
Kopiński, 2015; FAO, 2014; Gerrard et al., 2011). The aims of these commonly fall under 
one of three areas: the self-reflection and informed practice of farmers, exploring the antic-
ipated “ex-ante” effects of policy implementation, or collecting empirical evidence after 
“ex-post” policy implementation. To this end, these frameworks are presented with various 
formats, measures, end users, levels of stakeholder engagement and target systems. They 
operate using a hierarchical breakdown of sustainability, splitting into multiple themes, or 
sub-dimensions, then into sub-themes, or categories, and finally into multiple base-level 
measures known as indicators or indices. The traction each assessment framework gar-
ners is highly variable, with some being well-recognised, utilised, and reviewed includ-
ing; Sustainability Assessment of Food and Agriculture Systems (SAFA); the Public Goods 
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Tool (PG); Indicateurs de Durabilité des Exploitations Agricoles (IDEA); and Response-
Inducing Sustainability Evaluation (RISE), and others that are more singularly applicable 
and bespoke to the authors that originally presented them (Meul et al., 2008; Antunes et al., 
2017; Corvo et al., 2021).

To date, some studies have chosen to isolate one sustainability pillar over another for 
the development of relevant indicators (Pham & Smith, 2014; Rasmussen et al., 2017). 
This isolation whilst beneficial to the sustainability pillar under study may have unintended 
repercussions to those pillars not considered due to the potential crossover present across 
key thematic areas. Further, in recent years, reference has been made to an “indicator explo-
sion” (Riley, 2001; Bockstaller et al., 2009) whereby a substantial increase in potential 
indicator-based measures have been presented. The selection of meaningful indices and 
the complex requirements for normalisation, weighting and aggregation are methodological 
criteria that come with a diverse range of suggested arrangements (Al Shamsi et al., 2019; 
Asselt et al., 2014; Gaviglio et al., 2017). A substantial amount of research now explores 
the creation of both simple and composite indicators integrated within comprehensive sus-
tainability frameworks (Lampridi et al., 2019). These frameworks have been trialled across 
various agricultural ventures including conventionally intensive, agroecological and (peri-)
urban systems as well as across each level of the wider food system.

It is unlikely a one-size-fits-all approach will ever be optimal as the composition of a 
sustainability framework, for instance, assessing Flemish dairy farms (Meul et al., 2008) 
will deviate from one assessing the supply chain distribution of vegetables across Viet-
nam (Hoang, 2021) as they aim to assess distinct food systems, climates, and socioeco-
nomic conditions. Similarly, the defining principles of a framework will influence their 
decision-making, prioritisation and ultimately their wider impact. For example, an agro-
ecologically-rooted framework will tend to have a stronger focus on social aspects than a 
non-agroecological approach (Burgess et al., 2023) and ultimately affect such sustainabil-
ity research. However, even within frameworks assessing systems of similar physical and 
objective characteristics, a noticeable amount of structural variation is present. Such poor 
methodological cohesion and a plethora of choice is a source of confusion that often leads 
to the application of indicators with low scientific relevance, feasibility, or applicability to 
the systems of interest and suggests that there could be benefits from establishing a broader 
collective perspective (Hansmann et al., 2012).

Existing reviews on agricultural sustainability assessment frameworks (Chopin et al., 
2017; Janker & Mann, 2018; De Olde et al., 2017; Gasparatos & Scolobig, 2012; Schader 
et al., 2014; Binder & Feola, 2013; Marchand et al., 2014) have generally focused on estab-
lished frameworks, individual pillars, or pre-selected farming systems, demonstrating the 
required compromise between maximising broad applicability and framework comparabil-
ity. Here, a combination of refinement parameters has been selected to provide an insight into 
the sustainability indicators used in European arable agricultural research. These parameters 
were selected to allow a controlled amount of variation relating to climate, socio-economic 
conditions and farming systems. The review reported here presents a current systematic 
search of studies simultaneously utilising indicators across social, economic, and environ-
mental pillars of sustainability to assess the farm-level performance within Europe and aims 
to answer four research questions:

	● Is there a particular focus on the production system and location of arable farming as-
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sessed within Europe?
	● What are the similarities between the assessment structures and frameworks?
	● Which are the most prevalent indicators across European arable agricultural sustain-
ability assessments?

	● How does the prevalence of indicators differ across the three pillars of sustainability, 
and how are they characterised?

This review identifies research gaps, contributes to the summarisation of conflicting meth-
odologies, and provides scientific reference and guidance for future sustainability evalua-
tion developments in European agricultural systems.

2  Methodology

The systematic literature review builds on recent reviews in the field (Nadaraja et al., 2021; 
Chopin et al., 2017; Desiderio et al., 2022) using previous and overarching terms to inves-
tigate assessment frameworks developed and used across European arable agriculture. To 
ensure a level of consistency and comparability and to help bound the systematic review, 
research papers considered were primarily based on arable production, however the exact 
farming system (e.g., community-based, commercially intensive, mixed, or urban) was not 
defined. This review thus included research studies that were not associated with a pre-
established or defined framework to aid in the assessment of previously explored arguments 
around scientific relevance, feasibility, applicability, and structural variation regarding indi-
cator selection. The Preferred Reporting Items for Systematic Reviews and Meta-analysis 
(PRISMA) flowchart was used to identify articles (See Liberati et al. (2009). Firstly, all 
combinations of the common search terms were selected: sustainab*, agricultur*, farm*, 
indicator*, assess* and monitor* (Table 1). These were used in combination with the over-
arching terms: economic, environmental, and social joined with the AND operator to ensure 
the combined presence of all three sustainability pillars. In order to ensure a focus on arable 

Search Terms C1: Sustainability (sustainab*) OR Resilience
C2: Agriculture (agricultur*) OR Farming (farm*)
C3: Economic AND Environmental AND Social
C4: indicator (*)
C5: Monitoring (monitor*) OR Assessment 
(assess*)
C6a: Livestock OR Dairy OR Aquaculture OR 
Animal (*) OR Breed (*)
C6b: Fish OR Breeding OR Animal OR Dairy
C7: Developing Country (developing countr*)

Combinations, 
Refinements and 
Fields

CAB Abstracts: ALL ((C1 and C2 and C3 and C4 
and C5) not (C6a or C7) and LA= English)

Web of Science: ALL ((C1 and C2 and C3 and C4 
and C5) not (C6a or C7) and LA= English
Scopus: TITLE-ABS-KEY (( C1 and C2 and C3 
and C4 and C5) not (C6a or C7) and LA= English
Google Scholar: TITLE ((C2 and C4) not C6b) 
[citations not included]

Table 1  Search terms, combina-
tions, refinements and fields
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systems, strictly animal-based farming practices were excluded by rejecting responses with 
search terms including dairy, aquaculture, livestock, and breed*. Since identifying a single 
region (e.g., Europe) in the search terms risks excluding European studies for a variety of 
reasons, it was deemed necessary to remove articles using the term developing countr* 
instead and manually extract European studies from those that passed through. As the com-
plete methodology was constructed to align with the PRISMA criteria the following phases 
were established: literature collection and eligibility, data extraction, thematic characterisa-
tion, and data analysis.

2.1  Literature collection and eligibility

This section outlines the selection of peer-reviewed articles. Given their wide range of 
subject fields, the databases Scopus, Web of Science and CAB Abstracts were selected to 
ensure a comprehensive literature representation. All literature searches were conducted on 
10 January 2023 with query strings comprising the key words discussed above either within 
all fields or within the title, abstract and keywords of materials in each database, connected 
via the Operators AND, OR, and NOT (Table 1). Additionally, a complementary title search, 
with a more refined search string (Table 1), was applied to the Google Scholar database to 
assure a thorough approach. No parameters were defined regarding publication year.

The initial search identified 954 publications across all four databases, to which a series 
of further inclusion and exclusion criteria were applied, and duplicates (n = 248) removed 
(Fig. 1). First, all non-European studies were removed (n = 303), this criterion was con-
sidered appropriate due to the influence the agricultural product, climate, economy, and 
socio-political structure is known to have on defining “sustainable” practices (Ikerd, 1993; 
Siebrecht, 2020). Transcontinental European countries, such as Turkey, Russia, and Cyprus, 
were not excluded due to their geographical location at this stage. Similarly, studies includ-

Fig. 1  Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flow diagram 
(Liberati et al., 2009) showing literature sources and inclusion/exclusion process

 

1 3



I. Hockenhull et al.

ing both European and non-European case studies were not excluded due to their geographi-
cal location; however, all subsequent analysis such as case study demographics (Sect. 3.1) 
and data extraction (Sect. 2.2) focused exclusively on the indicators applied to European 
case studies. Review articles, meta-analyses, other secondary-data articles, and studies 
which described the methodology of a framework without a case study of actual applica-
tion were removed on the basis that they either had not selected, or were not employing, the 
measures to assess sustainability themselves (n = 186); this was also the case for exclusively 
simulation-based studies (n = 7). Additionally, for the paper to be included the case study 
application needed to be at farm level (Chopin et al., 2017; Fresco & Westphal, 1988), larger 
comparisons were allowed provided the assessment took place on an individual farming unit 
prior to regional comparisons, however all assessments taking place on a larger scale were 
removed (n = 33).

Papers that used either no defined indicators, or indicators spanning only one or two of 
the sustainability pillars were removed for not fulfilling the combined-assessment require-
ments of this review (n = 67). The studies included were all written in the English language 
and required case systems that contained at least some level of crop production, any lit-
erature which did not meet this criterion was removed (n = 66). Finally, in some instances 
studies were removed to prevent a bias from prolific authors using the same framework 
across multiple case studies and publications (n = 8, See Sect. 2.3). Overall, this identified 
36 papers for inclusion in this analysis.

2.2  Data extraction and thematic characterisation

Bibliographic information including author, title, year of publication, publication journal, 
geographical location of study, and type of farm case study was extracted. Following this, 
information on the indicators and any associated frameworks in the publications were col-
lated, including the number of indicators used in each study (TI) and in each sustainability 
pillar. This review considered any aggregation of individual indicators as themes, catego-
ries, or subcategories. Given the many ways that an indicator could be defined, new Themes, 
Categories and Sub-categories were assigned to each indicator by the primary author. To 
maintain a level of consistency and proportionality, subcategories aggregated indicators 
with similar names, wording, phrasing, units of measurement or ratios. Further aggregations 
into categories and themes, though inspired by previous publications, are acknowledged to 
be subjective and contextual decisions that are variable dependent on researcher’s opinion 
and thus could reasonably be grouped in several different configurations. For this reason, 
analysis is predominately concentrated on the sub-categorical data collected. Information on 
the selected indicator groupings can be found in the supplementary codebook ​(​​​h​t​t​p​s​:​/​/​d​o​i​.​o​
r​g​/​1​0​.​1​7​8​6​4​/​1​9​4​7​.​0​0​1​4​9​1​​​​​)​.​​

2.2.1  Cross pillar similarities

It has been argued that the impact any one variable or measure has will likely span multiple 
sustainability pillars (Schader et al., 2016 ), thus, it was theorised that similar indicators 
would be found across pillars and a further, broader comparison to identify the extent to 
which this was true was conducted by the primary author. Following characterisation, a key-
word was assigned to each subcategory and all corresponding indicators, in this way, each 

1 3

https://doi.org/10.17864/1947.001491
https://doi.org/10.17864/1947.001491


Evaluating sustainability indicators employed across European arable…

indicator was counted only once. This process was systematically applied to all subcatego-
ries and pillars. Unlike the initial thematic groupings, keywords were designed to transcend 
individual pillars. All keyword allocations are provided in the supplementary codebook.

2.3  Data analysis and minimising bias

All data were initially collated within Excel and analysed in RStudio using the packages: 
tidyverse (Wickham et al., 2019) for data handling, subset creation, one-way analysis of 
variance (ANOVA) and data presentation as well as RColorBrewer (Neuwirth, 2022), 
ggh4x (van den Brand, 2024), gghalves (Tiedemann, 2022), gridExtra (Auguie, 2017) for 
data presentation and ggplot manipulation. With the intention of minimising bias, the fol-
lowing rules were used:

(i)	 Only unique indicators were extracted from each paper such that indicators which were 
repeated within the same paper under multiple subheadings were counted only once.

(ii)	 Multiple articles in the final list with duplicate first authors were assessed to verify their 
uniqueness, if they were considered too similar the most recent article with explicit 
indicators was selected and the rest excluded. If authors had multiple articles that were 
considered varied enough (i.e., several different indicators or frameworks), then both 
were included.

(iii)	Indicators that were classified into more than the three sustainability dimensions, such 
as a governance dimension, were collectively split into the most appropriate of the three 
pillars once all indicators were extracted and themes produced. This included allocating 
measures of financial stability to the economic pillar, bio-physical measures into the 
environmental pillar and measures of urban development or influence measures into the 
social pillar.

(iv)	This review considered an indicator as each simple measure contributing to an aggre-
gated final score. Any larger composite groupings were broken down into their constitu-
ent measures for analysis and coding.

The presentation of indicator information in the article by (Schader et al., 2016 ) was not 
cohesive with the data collection strategy used within this review due to their complex 
overlapping of indicators across multiple themes and categories. Thus, while bibliographic 
data was extracted and incorporated (n = 36), it was removed in all subsequent analyses, 
including distribution across pillars and the thematic characterisation process (Sect. 3.2.3 
onward, n = 35).

3  Results and discussion

Based on selected criteria, 36 publications simultaneously employing economic, environ-
mental, and social indicators of sustainability in the context of predominately arable Euro-
pean agriculture were identified (Table 2). Throughout these documents, a combined total of 
1138 indicators were extracted, 22 different frameworks used, and multiple unique indicator 
combinations selected. The publication date of the articles ranged from 2001 to 2022, with 
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UIN Au-
thor (s)

European 
case study 
location

Farming system Associated 
framework(s)

Total 
indicators

Economic 
indicators

Environ-
mental 
indicators

Social 
indi-
cators

1 Yildirim 
et al. 2022

Turkey Conventional  CH/TFSI 37 13 5 19

2 Corvo et 
al. 2021

France, 
Hungary, 
Switzerland, 
Netherlands, 
Serbia, Ger-
many, Spain, 
Greece, Italy

Conventional, 
Organic

SIAT 64 20 13 31

3 
Hloušková 
et al. 2020

Czech 
Republic

Conventional MultiE 34 16 7 11

4 Stylianou 
et al. 2020

Cyprus Conventional - 41 15 9 17

5 Tapia et 
al. 2021

Denmark Urban - 24 6 9 17

6 Troiano 
et al. 2019

Italy Controlled 
Environment

MAVT 29 12 8 9

7 Herrera 
et al. 2019

Germany, 
Greece, 
Spain, Fin-
land, France, 
Hungary, 
Ireland, 
Netherlands, 
Poland 

Conventional  FLINT 18 8 5 5

8 Altobelli 
et al. 2018

Italy Conventional - 3 1 1 1

9 Boggia et 
al. 2022

Italy Conventional MRP-WSCI 9 3 3 3

10 Lech-
enet et al. 
2014

France Conven-
tional, Organic, 
Integrated

- 9 5 3 1

11 Luca et 
al. 2018

Italy Conventional - 9 3 3 3

12 Vitun-
skiene and 
Dabkiene, 
2016

Lithuania Conventional FRSI 23 8 8 7

13 Antunes 
et al. 2017

Romania, 
Turkey, 
Italy, Spain

Conventional, 
Subsistence

SIRIUS 68 21 24 23

14 
Galdeano-
Gómez et 
al. 2017

Spain Conventional SAFE 14 3 5 6

15 Bachev 
et al. 2019

Bulgaria Conventional - 46 13 17 16

16 Asselt et 
al. 2014

The 
Netherlands

Peri-Urban - 8 3 3 2

Table 2  Characteristics of sustainability assessments identified through the systematic literature review. The 
summary attaches a Unique Identifier Number (UIN) to each study and describes corresponding case study 
locations, production system classifications, sustainability assessment framework(s) used, the total number 
of indicators, and their distribution across economic, environmental, and social pillars
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UIN Au-
thor (s)

European 
case study 
location

Farming system Associated 
framework(s)

Total 
indicators

Economic 
indicators

Environ-
mental 
indicators

Social 
indi-
cators

17 Peano et 
al. 2015

Italy Conventional SAEMETH 52 10 20 22

18 Zanzi et 
al. 2021

Italy Urban SAFA 69 19 27 23

19 Reig-
Martínez et 
al. 2011

Spain Conventional DEA 12 3 5 4

20 Gavi-
glio et al. 
2017

Italy Conventional, 
Organic

4agro 42 9 18 15

21 Ozden 
and Acar, 
2022

Turkey Commu-
nity Supported 
Agriculture

- 45 8 20 17

22 Al 
Shamsi et 
al. 2019

Turkey Organic SAFA 116 28 52 36

23 Ceyhan 
2010

Turkey Conventional Samsun 40 10 20 10

24 Gómez-
Limón and 
Riesgo, 
2009

Spain Conventional - 12 4 6 2

25 Alletto 
et al. 2022

France Conventional MASC 2.0, 
SYSTERRE

15 4 8 3

26 Iocola 
et al. 2021

Italy Organic BioDurum_
MCA

30 8 20 2

27 Fele-
dyn-Sze-
wczyk and 
Kopiński, 
2015

Poland Conventional, 
Organic

 RISE 12 3 7 2

28 
Sulewski et 
al. 2018

Poland Conventional - 51 9 31 11

29 Iocola 
et al. 2020

France, 
Germany, 
Italy

Conventional, 
Organic

DiverIM-
PACTS, SAFA

64 16 35 13

30 Colomb 
et al. 2013

France Organic MASC-OF 29 4 20 5

31 Leiva 
and Morris, 
2001

United 
Kingdom

Conventional - 21 2 15 4

32 Rodrí-
guez Sousa 
et al. 2020

Spain Conventional, 
Organic

AHP 14 1 10 3

33 Roesch 
et al. 2021

Switzerland Conventional SALCAsustain 28 6 20 2

34 Thiollet-
Scholtus et 
al. 2021

France Conventional - 25 2 19 4

Table 2  (continued) 

1 3



I. Hockenhull et al.

75% published between 2016 and 2022. Each research question in Sect. 1 was addressed 
by analysing the sustainability assessment structures and their focus in the selected papers.

3.1  Case study production systems and locations

The present study isolated assessment frameworks developed and applied across Europe, 
allowing indicators to be examined within a consistent regional context. This approach allows 
the review to serve as a foundational resource for further indicator selection processes as 
relevant context-specific characteristics such as national standards, regional challenges and 
social norms are reflected (Gasso et al., 2015; De Olde et al., 2016). The sample literature 
covered a total of 21 European countries, with Italian farming systems providing a clear sus-
tainability framework focus (13 articles). Following this, France and Spain were observed in 
seven publications, Germany, and Turkey in four, the Netherlands, Poland, and Switzerland 
in three, Greece and Hungary in two and the remaining countries in one. International farm-
ing comparisons were a common occurrence. In most cases comparisons were made across 
Europe, comprising between three to nine European countries (Table 2), typically with the 
goal of comparing case study performance. In three articles, additional case studies were 
present outside of Europe. For example, Al Shamsi et al. (2019) observed the sustainability 
of multiple organic enterprises from Sicily (Italy) and the United Arab Emirates, which they 
reported had common environmental and socio-economic struggles. Similarly, Schader et 
al., (2016) observed additional case study locations outside Europe including Kenya, Brazil, 
and India, with the aim of assessing the applicability of the SMART FARM Tool in a differ-
ent socio-political and environmental conditions. Ultimately, they both reflected that robust 
comparisons and clear goal setting such as benchmarking, or farm-advice require consistent 
frameworks, even though their application must remain flexible.

Some of the multi-purpose frameworks such as SAFA, PG, IDEA, and RISE have been 
designed for use on a range of farm types. However, of the 36 studies identified, the majority 
(27 articles) concentrated on conventional farming systems either exclusively (19 articles) 
or in comparison to an alternative, typically organic, food production system (8 articles). 
The exact classification of these systems can be found in Table 2.

In all cases, these all-purpose tools have been designed with flexibility in mind, rec-
ognising that agricultural systems vary in scale, aims, financial security and management 
structure. Despite this, their application within the selected literature is limited. Variations 
in project scale, funding, objectives, and timelines often drive researchers to select bespoke 
variables and indicators tailored to their specific research needs. As a result, although a 
variety of multi-purpose tools are available, their practical adoption is low. For example, 

UIN Au-
thor (s)

European 
case study 
location

Farming system Associated 
framework(s)

Total 
indicators

Economic 
indicators

Environ-
mental 
indicators

Social 
indi-
cators

35 Miglio-
rini et al. 
2018

Italy Organic - 25 1 23 1

36 
*Schader et 
al. 2016

Germany, 
Switzerland 
and Austria

Conventional, 
Organic

SMART-Farm 
Tool, SAFA

327 - - -

Table 2  (continued) 
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Zanzi et al. (2021) reported that their study was the first of its kind to apply the SAFA tool 
to (peri-)urban farming systems despite the framework being accessible for almost 10 years. 
Though overall positive, the study highlighted subjectivity, potential for misjudgement, and 
lack of homogeneity between assessments and grading across systems. These observations 
underscore the ongoing challenge in developing widely accepted and comparable assess-
ment frameworks and highlight the potential value of identifying a core set of indicators in 
collaboration with the intended end-users to address the lack of consensus and standardisa-
tion observed across assessments.

This challenge is particularly evident in alternative farming systems. Exclusive consid-
eration of such systems was observed in nine of the selected articles, consisting of organic 
agriculture (4), urban (and peri-urban) agriculture (UA, 3), community supported agricul-
ture (CSA, 1) and controlled environment systems (CE, 1). In many of these case studies, 
authors used bespoke indicators or developed entirely new assessment frameworks which 
reflect the physical, social and motivational differences inherent to these systems. It seems 
debatable whether the current multi-purpose frameworks can be suitably adapted to capture 
this alternative ethos, particularly their social capital principles, or whether a bottom-up, co-
design approach as discussed above is required. However, the prolific creation of bespoke 
frameworks further complicates the comparability, transparency and interpretation of data, 
especially when actors define and evaluate sustainability on their own terms, potentially 
emphasising their strengths at the expense of other, less favourable dimensions.

3.2  Sustainability assessment framework characteristics

To investigate any existing trends in assessment frameworks, the following section details 
key technical components found in the literature, namely the combined total of indicators, 
the individual pillar proportions, and any associated frameworks named.

3.2.1  Associated frameworks

Across the 36 articles, 23 used at least one named assessment framework or tool, with 
several articles choosing to pull methodological aspects from multiple pre-established 
frameworks. Few frameworks were used by multiple articles, however four articles used 
indicators within the SAFA framework (Al Shamsi et al. 2019; Iocola et al., 2020; Zanzi et 
al. 2021; Schader et al.,2016), two articles used the MASC framework (Alletto et al., 2022; 
Colomb et al., 2013) and the remainder of frameworks were used by a single study each 
(Table 2). Many of the frameworks used across this review (SAFA, RISE, MASC, SMART) 
have already been the feature of systematic reviews, typically in relation to comparing their 
application, user interface and feasibility (Alaoui et al., 2022). Overall, whilst these reviews 
highlighted many universal characteristics, they also identified major differences associ-
ated with data collection, the expertise of the data collector and the intended use for end-
users (Alaoui et al., 2022). Amongst those who selected a pre-established framework, only 
half provided justified reasoning behind doing so. Of those that did, the stated reasoning 
related to various combinations of geographic scale, target audience, indicator relevance, 
framework availability, methodological robustness, and proof of effectiveness (Colomb et 
al. 2013; Zanzi et al. 2021; Feledyn-Szewczyk and Kopiński, 2015 ; Al Shamsi et al. 2019).
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Though these pre-established frameworks were used in multiple studies, authors also 
created and presented several other named frameworks occasionally following their own 
tailored review (Antunes et al., 2017; Boggia et al., 2022). Some studies operated with no 
presented framework at all, opting for free form indicator selection based on the case study 
of interest (Leiva & Morris, 2001; Altobelli et al., 2018; Antunes et al., 2017; Troiano et 
al., 2019). For example, (Leiva & Morris, 2001) assessed the impact that mechanisation 
has on the sustainability of a farming system using 21 indicators across two British farming 
systems. Similarly, (Altobelli et al., 2018) used three indicators, one for each dimension, 
relating to the blue water footprint (WFb) to provide sustainability information on irrigated 
farming systems. Whilst these indicator selections can improve case study relevancy, they 
can hinder broader comparisons outside the study in question.

Since the January 2023 search date, an additional eight relevant research papers can be 
identified under the same search string (Bockstaller et al., 2024; Falasco et al., 2025; Fer-
retti et al., 2025; Gharaei et al., 2025; Guglielmo et al., 2025; John & Artmann, 2024; Pries 
et al., 2026; Soulé et al., 2023, 26th January 2026). Briefly, these studies adopt a range of 
assessment techniques including the above-mentioned MASC 2.0 framework (Bockstaller 
et al., 2024; Soulé et al., 2023), bespoke or unique frameworks such as the Foodmeter 2.0 
(Falasco et al., 2025) or AESIS (Ferretti et al., 2025), and using individually selected indi-
cators (Gharaei et al., 2025), consistent with the findings listed above. Case study systems 
similarly vary, including conventional systems (Falasco et al., 2025), the comparison of 
conventional and organic systems (Bockstaller et al., 2024) and the consideration of alter-
native agriculture such as urban agriculture and vertical farming (John & Artmann, 2024). 
Despite this growing body of work, a relevant systematic synthesis of the literature as pre-
sented here has not been identified, underscoring the need for the present study. Overall, the 
farming systems and their applied indicators overlap strongly with the existing scope of this 
review therefore all following analysis is conducted on the original literature set.

3.2.2  Total number of indicators

The review suggested that factors including the time frame of data collection, user-friend-
liness and scientific merit affected the total number of indicators (TI) included within an 
assessment framework. A framework with few indicators will typically be time-efficient 
and enticing to end-users who are time limited, but it may present a less complete picture 
in terms of sustainability and impact. Conversely, whilst an indicator-heavy framework can 
provide a comprehensive assessment, it risks being time inefficient and can confuse the real 
effects that farming practices have (Gasparatos & Scolobig, 2012; Marchand et al., 2014). 
In this research the total number of indicators within the papers reviewed ranged from 3 to 
327, with 42% of the articles having between 10 and 29. The largest total number of indica-
tors of 327 (Schader et al., 2016) and 116 (Al Shamsi et al., 2019) were outliers, with the 
next largest grouping having 61–70. Interestingly, while both Schader et al. and Al Shamsi 
et al. reported using the SAFA framework, it has also been adapted into a condensed list 
of 69 (Zanzi et al., 2021) and 30 indicators (Iocola et al. 2020). An advantage of the SAFA 
framework is the wide applicability gained from selecting indicators from a pre-established 
list. However, this diversity can also lead to a lack of cohesion and incompatibility between 
SAFA assessments. It can be argued that perhaps a fundamental core indicator set should be 
present in all applications of a framework before customisation. This would have the advan-
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tage of providing a base level of comparability between farming systems, allowing a more 
intuitive understanding of the ratings recorded and their relative success in comparison to 
similar systems rather than an isolated set of results.

One limitation in some articles was that the total number of indicators reported did not 
match the number explicitly named. Additionally, there was variation in the definition of 
an indicator. This review considered any aggregation of individual indicators as themes, 
categories, or subcategories. In some instances, however, base level indicators themselves 
were the aggregation of several different measures into one. Both issues made the determi-
nation of the total number of indicators challenging, and to aid transparency are identified in 
the supplementary codebook when encountered.

3.2.3  Proportions allocated to sustainability pillars

Although other papers have often focused on environmental assessments of agricultural 
sustainability, this review only selected frameworks that considered all three pillars. The 
range of the proportion of total indicators associated with environmental, social, and eco-
nomic pillars were 13.5–92.0%, 4.0–51.4.0.4%, and 4.0–55.6.0.6% respectively (Fig. 2). 
The mean proportion of the total indicators associated with the environmental pillar was 

Fig. 2  (a) Visualisation of linked pillar proportion distribution across selected articles; allocation of the 
Unique Identifier Numbers (UIN) is consistent across all other data within this article i.e., Table 2. (b) 
Scatter graph of unlinked sustainability pillar proportions with violin plot, mean +- se and significance 
markers
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greater (p < 0.001) than the economic and social pillars, which were similar to each other 
(p > 0.05). ​Whilst this study exclusively identified assessments that look at the wider picture, 
there is still an environmental focus within these methodologies.

As noted by (Janker & Mann, 2020), the social dimension is often underrepresented due 
to its predominately qualitative nature thereby making scalable indicators more challeng-
ing. Few social indicators provide explicitly objective, quantitative data and often result in 
various combinations of labour, workload and contamination indicators in frameworks that 
aspire to these attributes (Desiderio et al., 2022; Janker & Mann, 2020). Further, despite the 
economic dimension’s suitability for quantitative measures and variety of indicators sug-
gested across the literature, there is a distinct lack of discussion around its proportionally 
lower contribution to the identified frameworks.

Thematically, economic viability and sustainability is largely cohesive. Instead, its inter-
nal variation is a result of the variety of ratios and relational measures such as per unit of 
currency or labour. Comparatively, there is a larger amount of discourse concerning envi-
ronmental sustainability, particularly when considering target species, best practices and 
end-goals. This relatively high focus on environmental themes results in a higher number 
of environmental variables and thus decreases the relative proportion of both social and 
economic indicators.

3.3  Characterisation of indicators by sustainability pillar

A process of thematic characterisation was undertaken to understand the breadth of focus of 
each publication given the multitude of ways any given indicator can be described, named, 
and categorised. Broadly summarised, similar indicators were collated in subcategories 
(e.g., workload or risk exposure), further grouped into larger categories (e.g., working con-
ditions) and finally into broad themes (e.g., labour). Table 3 summarises the key themes 
found across the economic, environmental, and social dimensions and the following sec-
tions explore these themes within each dimension, as well as the similarities observed across 
them.

Pillar Theme Total indicators
Environmental Farmland Environment 132
Environmental Water, Energy and Emissions 130
Environmental Agrochemical Applications 95
Environmental Soil Quality 80
Environmental Farm Management 59
Economic Business Security 86
Economic Profitability 66
Economic Management and Impact 58
Economic Production 44
Economic Operations 43
Social Labour 144
Social Community 84
Social Management 65
Social Farm Operations 52

Table 3  Thematic distribution 
of sustainability indicators. The 
table presents the total number 
of indicators extracted for each 
theme within the environmental, 
economic, and social pillars of 
sustainability
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3.3.1  Environmental sustainability

In the environmental pillar, 496 indicators were categorised into the following five themes: 
Farmland Environment (132 indicators, 27% of this pillar); Water, Energy and Emissions 
(130 indicators, 26%); Agrochemical Applications (95 indicators, 19%); Soil Quality (80 
indicators, 16%); and Farm Management (59 indicators, 12%). Within these themes, 21 
categories and 96 subsequent subcategories were collated (Fig. 3). Overall whilst a variety 
of subcategories were identified, large areas of consensus were observed including crop 
diversity within Farmland Environment (14 articles); soil erosion within Soil Quality (13 
articles); greenhouse gas (GHG) emissions, energy consumption, and irrigated quantity 
each identified by 11 articles and collated within Water, Energy and Emissions.

Crop diversity, i.e., the number of different crop species in a given time period or area, 
was largely measured for the benefits that agrobiodiversity has on the local environment 
as opposed to the security that product diversification would offer. It related larger counts 
of crop species to positive scoring either directly or through use of a Simpson’s index for-
mula (Simpson 1949; Ceyhan, 2010; Iocola et al. 2021; Vitunskiene and Dabkiene 2016). 
In addition to absolute species counts, indicators also focused on cropping practices includ-
ing intercropping, cover crops and rotational cropping (9 articles) and specific counts of 
legumes (5 articles). Understanding the role that crop diversity plays in local ecosystem.

functioning has been a focus of agricultural sustainability research (Hajjar et al., 2008; 
Smith et al., 2008; Gaudin et al., 2015; Hendrickson & Colazo, 2019; Stefan et al., 2021; 
Matsushita et al., 2016).

For example, increased cereal yields were associated with an increased number of crop 
species in annual rotations and with cover crops compared to monocropping systems with 

Fig. 3  Unique article counts of environmental sustainability themes, categories and subcategories (n = 35). 
Data is presented as a tiered systems across 5 sub-sections (a-e) that separate each environmental theme 
characterised and their subsequent (sub-)categories: Farmland Environment (a), Soil quality (b); Agro-
chemical Applications (c); Water, Energy and Emissions (d) and Farm Management (e)
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chemical inputs (Smith et al., 2008). Positive changes in soil microbial composition were 
also reported in some locations (Stefan et al., 2021). McDaniel et al. (2014) and Zampieri 
et al. (2020) proposed that rotations or intercropping leads to more consistent, resilient, and 
less nutrient input-demanding yields due to its positive soil microbial impact. Many soil 
health and quality indicators were identified including soil erosion (with high values related 
to low soil health). Soil erosion indicators frequently used an annual average of bare soil (%) 
across the utilised agricultural area (UAA) as a measure of soil erosion risk. Such a measure 
is attractive due to its methodological simplicity and affordability, allowing a diverse range 
of assessors and providing data interpretable by a variety of end users. At a similar level 
of interest, GHG emission indicators are more methodologically intensive and complex. 
The description of the method for calculating GHG emissions was often limited, but it is 
assumed that it would commonly be determined using a commercial GHG calculator.

The consumption of energy and its source was included in many assessments. In this 
review indicators were divided into those that specifically identified renewable- and non-
renewable energy use (7 and 4 articles, respectively) as well as overall energy consumption 
(11 articles) with no named source preference. Despite this focus, a lack of methodological 
cohesion was observed. For example, Corvo et al. (2021) presented the amount of non-
renewable energy as a proportion of the total energy usage, such that the rating of the indica-
tor presumably decreased with an increasing percentage. Gaviglio et al. (2017) opted for a 
categorical Yes/No measure of renewable energy sources and did not assess the proportion 
of total energy from different sources. Measures of overall energy consumption generally 
presented energy use per hectare or per crop. Of those that selected an energy related indica-
tor, almost half used multiple indicators. For example, Al Shamsi et al. (2019); Iocola et al. 
(2021) and Leiva and Morris (2001) selected four indicators spanning areas of energy use. 
It is possible that these indicators would be better modified or condensed into a composite 
indicator for a more streamlined data collection and presentation process especially in cases 
where the total number of indicators is small to prevent one area from having a dispropor-
tionate impact on overall ratings (Talukder et al., 2017; Magrini, 2022; Gómez-Limón & 
Sanchez-Fernandez, 2010), however composite indicators can also reduce the transparency 
of the method.

Overall, the indicators identified within the environmental pillar demonstrated large areas 
of consensus, using many well tested performance-based measures. Performance-based 
indicators provide the user with immediate situational awareness of the farming (De Olde et 
al., 2017; Moller & MacLeod, 2013). This deviates from the application of practice-based 
indicators that measure the level of planned-intervention or mitigation strategies which the-
oretically maintain the sustainability and resilience of a system by ensuring planned actions 
in cases of urgency or emergency. There has been discussion on whether to prioritise one 
over another (De Olde et al., 2017; Moller & MacLeod, 2013), however a combination often 
demonstrates an ability to provide long-term sustainability and resilience.

3.3.2  Economic sustainability

In the economic pillar, 297 indicators were categorised into the following five themes: Busi-
ness Security (86 indicators, 29% of this pillar); Profitability (66 indicators, 22%); Manage-
ment and Impact (58 indicators, 20%); Production (44 indicators, 15%), and Operations (43 
indicators, 14%). Within these, 21 categories and 94 subsequent subcategories were collated 
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(Fig. 4). In total, the 297 indicators within the economic pillar are 200 and 50 less than those 
reported for the environmental and social pillars respectively. Despite this, 94 subcategories 
of economic indicator were identified suggesting substantial variation between frameworks. 
Areas of consensus were observed as gross margin ratios (8 articles) and economic effi-
ciency (8 articles) within Profitability; agricultural multifunctionality (7 articles) and subsi-
dies (7 articles) within Business Security.

Gross margin indicators were subdivided into absolute measures calculating financial 
output minus variable costs (3 articles); and ratios relating gross margin per hectare or 
per product (8 articles). Functionally, standardised ratio-based indicators allow compari-
sons either between other systems or geographically averaged “standards” (Firth, 2002). 
By relating to a standardised unit such as area, product or currency, a degree of scalability 
is enabled. Ultimately, gross margin measures are limited by their exclusion of fixed costs, 
such that only short-term conclusions relating to sustainability can be articulated and the 
information they gather must be considered in context (Gómez-Limón & Riesgo, 2009; 
Nadaraja et al., 2021). Gross margin comparisons may be misleading across farms with dif-
ferent fixed cost structures, especially in cases where variable costs have been substituted 
for fixed costs. This is the case in some organic systems whereby the variable costs of pesti-
cides are substituted by increased assignable fixed costs in terms of mechanical weeding and 
increased labour costs (Firth, 2002). Further, a focus on profit aligns with national targets 
such as economic growth and development (Welford, 2013; Barkemeyer et al., 2014).

In most cases, profitability indicators were rated positively, Huttmanová et al., 2019 
argue with increasing profit with no reference toward a maximum score value. However, 
theoretically at a certain point the impact that growing profit has on business security pla-
teaus and begins instead to inform growth and development (Huttmanová et al., 2019). 
Across the various studies, a variety of economic productivity ratios were presented relating 

Fig. 4  Unique article counts of economic sustainability themes, categories and subcategories (n = 35). 
Data is presented as a tiered systems across 5 sub-sections (a-e) that separate each environmental theme 
characterised and their subsequent (sub-)categories: Profitability (a), Production (b); Management and 
Impact (c); Business Security (d) Operations (e)
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gross income or gross product to land, labour, farm capital and costs. Of these, economic 
efficiency indicators were the most frequent (8 articles) examining the ratio of gross product 
or gross income to operating costs. Such measures allow a system to evaluate cost-effective-
ness and technical efficiency (Alletto et al., 2022).

Multifunctionality indicators were divided into measures of agricultural multifunctional-
ity (AM, 7 articles) relating to diversification at the production level (e.g., farm product vari-
ety and on-farm processing); and non-agricultural multifunctionality (non-AM, 5 articles) 
identifying other gainful activities such as education or recreational services. In either case, 
indicator ratings typically performed better with increasing multifunctionality as a diversi-
fied income stream can provide security and economic resilience due to the portfolio effect 
(Tadesse & Blank, 2003; Ogundari, 2013; Abson et al., 2013). Whilst product diversifica-
tion offers a level of stability greater than monoculture to factors such as nutrient deficit and 
disease, farmers can incur additional opportunity costs, more complex management systems 
and efficiency reductions for sowing multiple, less profitable crops. Hence there is typically 
a balance between diversification and cost management (Navarrete et al., 2015; Villa et al., 
2019).

The reliance of external sources of income such as loans (debt, 6 articles), grants and 
investments (external input dependency, 6 articles) and government subsidies (subsidies, 7 
articles) were collated into the category Financial Self-sufficiency. Indicators within these 
subcategories measured the proportion of each income source to the farm’s total revenue, 
and as such their reliance. Increasing reliance on these streams negatively affected indicator 
ratings, with the assumption that large levels of reliance provide an unstable foundation and 
in the case of fund withdrawal would have major impacts on operation and stability. Though 
several assessments incorporated multiple indicators to inform each source (Gaviglio et al. 
2017; Hlouskova et al. 2020; Stylianou et al., 2020; Sulewski et al., 2018 ; Bachev et al., 
2019), no single indicator was presented to assess multiple streams and their interaction. 
Like multifunctionality, it can be argued that a variety of different external income streams 
would provide more stability than the sole reliance on one, and this benefit may not be cap-
tured by simple proportion-based measures.

3.3.3  Social sustainability

In the social pillar, 345 indicators were categorised into the following four themes: Labour 
(144 indicators, 42% of this pillar); Community (84 indicators, 24%); Management (65 
indicators, 19%); Farm Operations (52 indicators, 15%). Within these, 14 categories and 
63 subsequent subcategories were collated (Fig. 5). Overall, social sustainability indicators 
demonstrated the greatest uniformity, aggregating into 30 less subcategories than either of 
the other pillars despite having 50 more indicators than the economic pillar. Over 40% of 
social indicators measured personal or professional traits within the workforce and con-
stituted the largest theme (Labour) across any pillar in both absolute and relative terms. 
Further, the five most common indicator subcategories fell within Labour, including work-
load (12 articles); training and expertise (TE); job opportunities; income; and education (9 
articles each) all referring to both the farmer and their employees.

Illustrating the reflections of previous reviews (Desiderio et al., 2022; Chopin et al., 
2021; Janker & Mann, 2018), these common subcategories can be classified as quantitative 
objective performance-based indicators. Workload, income and TE measure the different 
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aspects of working conditions, ensuring pay, working hours and safety training fall within 
legal limits; job opportunities reflect the systems contribution to local employment and edu-
cation categorically recording the highest academic level of qualification obtained by mem-
bers of a farming system. The sensitivity of these measures differs broadly. As workload and 
income contain many comparative indicators that reflect not only the systems operation but 
its performance in relation to legal, regional or national statistics, the values depend on the 
period of measurement. By contrast, education measures that provide a count of academic 
achievement could be relative stable across years without a large employee turnover and 
would be more suited to comparisons between systems rather than the same system through 
time.

Subjective indicators were far broader and had little methodological cohesion such as 
measures of public perception (3 articles) and consumer trust (2 articles). The values for 
these measures were typically derived by asking relevant individuals to rate the system 
based on their sense of community and community relations. This method of assessment 
relies heavily on the interpretability of the question and the participants ability to internally 
reflect. As discussed by AlWaer et al. (2008), subjective measures remove a degree of preci-
sion by relying on external personal factors. However, for research assessing the impact on 
local communities, personal reflection measures enable a more comprehensive scoping than 
a reliance on just implied and extrapolated effects (Veenhoven, 2002). Many of the selected 
assessments used indicators which required the assessment of board agendas, contracts, 

Fig. 5  Unique article counts of social sustainability themes, categories and subcategories (n = 35). Data is 
presented as a tiered systems across 5 sub-sections (a-e) that separate each environmental theme charac-
terised and their subsequent (sub-)categories: Labour (a), Farm Operations (b); Community (c); Manage-
ment (d)
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minutes and interviews to evaluate indicators related to decision-making, culture, fairness 
and equal opportunities. This is both time-consuming and subjective. This methodology 
involves not only the subjective answers of interviewees but the subjective interpretation of 
the assessor themselves. Ensuring robust, standardised protocols and rigorous sense check-
ing is an important factor in the use of such measures (Jones & Tanner, 2017).

Stakeholder involvement (7 articles) i.e., the identification and engagement of stake-
holder groups in decision making processes and providing equal opportunities was a mea-
sure in which the methodology greatly varied both in form and clarity. (Peano et al., 2015 
) reported using a questionnaire format to quantitatively measure three indicators relating 
to decision-making, producer involvement and knowledge sharing with the aim of monitor-
ing the strength of internal relationships. Tapia et al. (2021) reported using a categorical 
question to assess the types of stakeholders driving the initiative in which several weighted 
responses could be chosen according to their status as public or private. (Corvo et al., 2021) 
reported using seven separate measures including but not limited to: customer, distribu-
tor, supplier involvement in decision making processes; relationship with local actors not 
directly involved, and services created in collaboration with farmers. The supposed ‘ideal’ 
level of stakeholder engagement in decision-making is altered by the goals of the enterprise. 
Farming systems routed in community development and involvement would benefit from 
high and diverse stakeholder engagement levels, as opposed to conventional intensive or 
independent systems that usually need to account for a small number of key stakeholders 
such as employees, investors and customers. Given this, during framework application a 
process of indicator adaptation would be a useful tool of reflection, a stage that could theo-
retically be extrapolated across the whole framework’s development.

3.3.4  Cross-pillar similarities

Understanding the impact and relevance each indicator has across the three pillars of sus-
tainability can help create a thorough picture of the sustainability of agricultural systems. 
There are some indicators that have obvious effects across pillars. For instance, crop diver-
sity can help maintain soil quality and biodiversity and improve business security by reduc-
ing catastrophic risk from the failure of a single crop. Thus, this review sought to identify 
areas of wider relevance and similarity through a stage of broader thematic analysis. Areas 
of sustainability found to fall under the jurisdiction of all three pillars included Production, 
Distribution and Supply Chain, Inputs, Product Quality, Livestock and Ecosystem Quality. 
Even so, most of these areas were primarily related to a specific pillar. For example, indica-
tors relating to Ecosystem Quality and Inputs predominantly fell under the environmental 
pillar (91%) with the remaining encompassing the social (3%) and economic (6%) pillars. 
Similarly, whilst Business Security was the only area exclusive to economic sustainability, 
Income and Profitability was 90% composed of economic indicators with the remaining 
10% covered by social indicators.

Interestingly, the social pillar did not have “sole rights” on any one area of sustainability, 
instead it was found to operate with one or both other dimensions, covering the majority 
of the Inclusive Labour, Ethical Governance and Population Demographic indicators. To 
the author’s knowledge, there is no existing boundary for determining what is considered 
an “overlap”, however, areas in which all three pillars occupied a minimum of 15% of 
indicators included Farmland Characteristics covering topics concerning land class, costs, 
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usage change, infrastructure; and Product Quality indicators addressing nutrition, product 
safety and energy yields. Although this study focused on arable and not livestock systems, 
the maintenance of healthy and productive livestock was relevant to all three pillars of 
sustainability through areas including productivity, animal welfare rights, biodiversity, and 
environmental care (Rivera-Huerta et al., 2019; Cerrato et al., 2023; Tsakiridis et al., 2020).

Overall, the review demonstrates a high level of narrative overlap and interaction across 
the different measures of sustainability. This knowledge is helpful in framework develop-
ment and application as it can allow the development of a more transparent and informed 
approach to the assessment of the sustainability of agricultural systems. Equally, if this 
overlap is not recognised and accounted for, negative implications resulting from duplicated 
measures may skew the broader, overall evaluations.

4  Conclusions

Overall, the analysis demonstrates that many of the existing frameworks used in research 
to assess the sustainability of European arable systems have a similar approach, but there 
are large differences in the total number of indicators used. Although this diversity is due 
to differing priorities regarding time frame of data collection, user-friendliness, and proven 
capability, it can make it difficult to compare the resulting assessments. Thus, we recom-
mend that across similar systems, a fundamental core indicator set could be present in all 
applications of a framework before the customisation process. This would have the advan-
tage of providing a base level of comparability between farming systems, allowing a more 
intuitive understanding of the ratings recorded and their relative success in comparison to 
similar systems rather than an isolated set of results. Common indicators across the eco-
nomic, environmental, and social pillars included the treatment and accessibility of labour, 
the efficiency of- and the environmental care taken during- production and impacts on soil 
quality. This commonality suggests that improvement of these indicators is likely to have 
positive impacts to most aspects of sustainability. The type of farming systems assessed 
were predominately conventional systems either exclusively or in comparison to an alterna-
tive, typically organic, system. Five case studies could be classified exclusively as ‘alter-
native’, including (peri-)urban, community or controlled environment systems and their 
analysis employed a non-overlapping range of assessment frameworks and indicator sets. 
Across the studies reviewed, sustainability assessment frameworks show that a balance is 
needed between broader applicability and site-specific detail. One approach is to ensure that 
a minimum set of common indicators is used across assessments prior to additional modi-
fications and adaptation. However, defining which systems this set would be appropriate 
for presents its own challenges. Alternative farming systems would also require additional 
community and socially driven indicators unidentified in the present work. Consequently, a 
further point of reflection on whether the current frameworks are adaptable enough to reflect 
this alternative ethos is warranted.
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