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Abstract

This dissertation explores the economic assessment of the agricultural sector
within the broader context of sustainability, with a particular focus on the Baltic
States. As agriculture continues to play a central role in rural economies and food
security, integratig sustainability principles into economic evaluation has be-
come increasingly important. Despite numerous studies on sustainable agricul-
ture, there remains a lack of comprehensive frameworks that combine multidi-
mensional indicators withegionspecific data and stakeholder inpdthis
research develops an integrated methodology foffitliayg to identify, evaluag,

and prioritee sustainabilityindicators, ando develop the indicatoracrossthe
economic, environmental, and social donsain

The work comprises four interconnecigéces ofresearch. First, a system-
atic review of the literature conducted under the SALSA (Search, Appraisal, Syn-
thesis, and Analysis) and PRISMA (Preferred Reporting Items for Systematic Re-
views and MetaAnalyses) protocols identified 101 indicators, which wskrve
asabass for the subsequent analyses. Second, a focused re¥idn conjunc-
tion of renewable energy and agriculture identified 84 indicaos demon-
strated the importance of energy efficiency and resource circularity for sustainable
farming practices. Third, this research applied the TOPSIS (Technique for Order
of Preference by Similarity to the Ideal Solution) metfadhe first time taank
sustainability indicators in the Baltic Stategegratingexpert opinions with Eu-
rostat statistical data. The assessment examined the environmental priorities of
soil health, water and fertitr management, and the social and economic dimen-
sions. Fimlly, eleven economic indicators identified through the Delphithad
Besi Worst Method (BWM) were selected and ranked, and investment intensity,
income diversification, labour productivity, and market access were found to be
the most important economiadicators of agricultural sustainability.

The studies allovior drawing up evidencébased policy formulation and stra-
tegic planning. The dissertation presents a new model for evaluating sustainable
agriculture. It provides a practical, regionally speciied empirically precise un-
derstanding of the sustainabiliproblem The framework helps policy makers,
researchers, and practitioners, particularly in{@stsition economies, identify
areas that require intervention and investment, such as Lithuaivég, and Es-
tonia. The adaptability of this work to other parts of the wéatihg the same
problem is a means of assisting countries in achieving sustainable agricultural de-
velopment through economic evaluation
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Notations

Symbols
31 Consistency ratio (BWMfliet. Nuoseklumo santykis (BWM)

Abbreviations
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CAPT Common Agricultural Policyliet. b endr oj i gemids T kio politika
C O Carbon Dioxidgliet. anglies dioksidas
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EUT European Uniofliet. Eur opos); SNj unga

EUROSTATI Statistical Office of the European Unidiet. Eu r o p o s s@itiétikas tagybg
FAOT_Food andAgriculture Organization of the United Natioieet. Jun gt i n maBtoifaut O
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LPi Linear Programmingliet. tiesinis programavimas
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Introduction

Problem Formulation

Agriculture faces intensifying biophysical and economic pressingading cli-

mate instability, environmental degradation, and volatititinput markes, that
threaten its longerm viability. In the meantimehe economic dimension of sus-
tainability remains conceptually diffuse and empirically underdeveloped, as ex-
isting indicator systems are predominantly environmentally oriented, lack priori-
tisation, and rarely incorporate expeelidated weighting or robustness analysis;
consequently, policymakers lack a coherent and measurable framework capturing
key economic dvers such as productivity, capital formation, energy integration,
and competitiveness. This limitation is particularly pronounced in the Baltic
States especially Lithuaniawhere structural constraints, including fragmented
farm structures, dependence nported energy, undercapitiion, and rural
out-migration, persist, and where the absence of a transparent, reproducible, and
policy-relevant system for selecting, weighting, and benchmarking economic sus-
tainability indicators across countries anatiotime constitutes a critical gap re-
quiring a rigorous, contesdpecific, and empirically grounded assessment ap-
proach.



2 INTRODUCTION

Relevance of the Dissertation

Sustaining agricultural systems is a key policy coneenid climate variability,
resource depletion,ednographic decline, and fluctuations in input and energy
markets, all of which undermintbe agricultural sectdy siability. The economic
dimension has not been adequatglgrationalied creatinga gap between policy
objectives and measurable indicaj@speciallygiven the vital roles ofompeti-
tiveness, capital formation, productivity, and energy in sustaining agricultural sys-
tems, as observed in the Baltic States, where agriculture plays a vitabsoeio
nomic role Yet agricultural structures are fragmented, and energy and
demographic factors undermine agricultural developntegting studies are en-
vironmentally biased arfdil to account forritical economic factord his disser-
tation addresses this gap by developing a transpamepertinformed, and em-
pirically grounded framework that advances economic sustainability, adapts
indicator systems to small open agricultural economies, and provides-paiéey
vant evidence aligned with the European Green Deal and the Common Agricul-
tural Policy.

Object of the Research

This research examines the economic sustainability of the agricultural, siector
fined as its ability to maintain loagrm competitiveness, financial viability, and
structural resilience under environmental, social, rmadket constraints through

a system of measurable economic indicators, focusing on Lithuania with compar-
ative insights from Latvia and Estonia within the European Union policy context.

Aim of the Dissertation

This dissertatioraims to develop and validat@ transparent, datdriven, and
stakeholdeinformed experweighted indicator system and medtiteria com-
parative benchmarking model for assessing the economic sustainability of the ag-
ricultural sector in Lithuania and the Baltic States, ensuringaat®/to region
specific structural conditions and alignment witie European Uniod policy
priorities.
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Tasks of the Dissertation

The following three interrelated tasks are formuldtedeachthed i sser t at i
aim:
1. Development of a theoretically substantiated and cosgac¢ific system
of economic sustainability indicators of the agricultural selohsed on
the analysis of the existing literature and EU policy frameworks
2. Development and validation of a transparemilti-criteria assessment
methodology with the use of the Delphi method, theiB&sirst Method
(BWM), and TOPSIS for the derivation of expert weights
3. Empirical analysis and comparison of the economic sustainability of the
agricultural sector in Lithuanjd.atvia, and Estonia, and the formulation
of evidencebased policy recommendations in line with the European
Green Deal and theommon Agricultural Policy.

Research Methodology

This dissertation employs a structured approaatotobinedtheoretical and em-
pirical methods to evaluate the economic sustainability of the agricultural sector.
The theoretical part draws on the synthesis of academic literature, EU policy
frameworks, and sustainability models to define the concepts and establish a co-
herent indicatobased approacklthoughthes e c¢ tsostaifability is multidi-
mensional, the analysfecuseson the economic dimensipwith environmental

and social factorreatedas constraints. In the empirical part of the analysis, ex-
pert judgments and statistical data are integrated into a single approach. The Del-
phi method is applied to validate the indicators, and the analysis is further supple-
mented by Eurostat and natios#dtistics. To evaluate the indicators and arrive at

a multicriteria decisiormaking (MCDM) approach, the Bé&sVorst Method
(BWM) and TOPSIS methods are appli&liability is ensuredhroughrobust
sensitivity analysistransparencyand replicability with the entirecomputation
procesexplicitly discloedusingpublicly available statistics and expert weights

Scientific Novelty of the Dissertation

The scientific originality of this dissertation is basedmatinga regionspecific,
expertweightedindicator system within a muitiriteria benchmarking model for
evaluating agricultural economic sustainability in the Baltic States. Unlike exist-
ing approaches, it creates a theoreticgtiyundedand regiorspecific system of
economic and renewable eggiindicators based on literature reviews, EU policy
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analysis, and expert consultatievhile accounting foregional specifics, energy
dependence, and pesansition characteristics. From a methodologizial-
point, this dissertation integrates the Delphi method, iB¥stst Methodology
(BWM), and TOPSIS within a single framework, providing validated indicators,
consistehweighing, and comparative benchmarking for Lithuania, Latvia, and
Estonia. In terms of qgginality, this approach can be extended beyond its regional
focus to other small, open, or pasinsition economies in terms of agricultural
economies, contributing to overall methodological progress in sustainability as-
sessment

Practical Value of the Research Findings

The practical application of this dissertation is to create an expert weighting sys-
tem for an indicator system, part of a nualtiteria benchmarking model for eval-
uating agricultural economic sustainability. It is a tool for decisiakers to help
apply the concept of sustainability to quantifiable outcomes. The practical appli-
cation for the EU would be to heimplementthe European Green Deal atine
Common Agricultural Policy, including evaluating productivity, investment, in-
come divesification, market integration, and renewable energy. The practical ap-
plicationatthe national level would be to help Baltic countdiestitutions iden-

tify areas of weakness and opportunities for investment, thus epgrand
aiding in compliance wit regulations. The practical applicatiatthe farm level
would be tousethe MCDM method for benchmarkinglentifying bottlenecks,
anddevelojng strateges, therebybeing adaptable to different needs. The practi-
cal applicationat the international level would be to apply this system to other
economies for crossomparisons and harmairig sustainability evaluations. It is

a tool for decisiormakersto adopta holistic approach to a quantified system

Defended Statements

The following statements, based on the findings of th&sertation can be pro-
posed as official hypotheses to be argued

I A set of economic sustainability indicators, developed specifically for
this context through literature analysis and expert consultation, allows fo
transparent, standasdd, and reproducible assessment, unlike generic
approaches

1 The application of expetiased weighting procedures according to the
Besi Worst Method allows for more precise, consistent, and understand-
able sustainability evaluations
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A multi-criteria benchmarking approach based on stansitdindica-

tors, publicly available data, and scientific procedures for weighing indi-
cators allows for an objective and comparable assessment for Lithuania,
Latvia, and Estonia

I Using robustness arsénsitivity analysis allows for more reliable results,
considering stability under different assumptions

I A databased approach can offer insights for enhanced productivity, cap-
ital formation, renewable energy integration, and competitiveness in
alignmentwith the European Green Deal and CAP objectives

Approval of the Research Findings

The findings of this dissertation have been disseminated through four scientific
articles published in pegeviewed journals indexed in Web of Science (WoS)
and ScopusAlso, presentationsvere givenat three international scientific con-
ferencesandthese publications collectively met the requirements for doctoral re-
search and contribed to the development, validation, and empirical application
of the proposed economic sustainability assessment frameWuwekauthor has
presented parts of the research at three international scientific conferences:

1 36th RSEP International Conference on lmuics, Financeand Busi-
ness, 2025 September 2024, Madrid, Spain.

International Society for Economics and Social Sciences of Animal
Health (ISESSAH), 1315 June 2023, Helsinki, Finland.

1 5th Global Conference on Entrepreneurship and Economy in an Era of
Uncertainty, 2426 September 2025, Seoul, South Korea.

Structure of the Dissertation

The dissertation contains an introductiam analytical literature reviewa re-

search methodology, results and discussion, general conclusions, references, ap-
pendicexontainingthe scientific articles, and a summary in Lithuanian. The dis-
sertation consists df77pages, 10 equations, 1 figure, and 11 taldlés.literary
sources were used in writing tbessertation
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Analytical Literature Review on
Sustainable Agriculture Indicators

This chapter lays the theoretical groundwork for the dissertdtionsingon the
economic sustainability of the agriculturatB® as the primary analytical prism

for the research. It offers a critical and systematic examination of the theoretical,
conceptual, and empirical literature on agricultural sustainability, with particular
emphasis on the economic dimension as the pyieterminanof theagricul-

tural sectod giability, competitiveness, and sustainability. It draws on global and
regional literature, highlights the shortcomings of existing indicator systems, and
establishes the conceptual groundwimtkan appropriate@proach for the Baltic
StatesThrough this analysis, the chapter clarifies the knowledge gaps that moti-
vate the methodological and empirical components of the disserfBtigrchap-

ter is based on and synthees findings from two publishgla per s: A A Sy s
Review of Agricultural BaStutsaeii n&biGltirte
2023b)and A Renewabl e Energy and Sustaina
toB&t haeii k& e®@tar,ei2M2 3 a)
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1.1. Defining Sustainable Agriculture: Dimensions
and Challenges

Sustainable agriculture has evolved into a central concept linking food security,
environmental protection, and so@oonomic developmentAbdelilah etal.,
2023)Root ed in the Brundtland Commi ssi or
ment (1987), itemphases meeting present needs without compromising the
needs of future generations. In practice, sustainable agriculture refers to produc-
tion systems that maintain lostgrm resource productivity while remaining eco-
nomically viable and socially equitable for famgicommunitiegHarirametal.,

2023)

The literature generally considers sustainabilityerms ofthe interdepend-
ent dimensions of economic, environmental, and social sustaingbitisSantos
etal., 2023) Economic sustainabilitiefersto thesectod ability to sustain itself
amid market volatility, changing policy environments, and environmental chal-
lenges. Environmental sustainabiligfersto the protection of natural resousce
including soil, water, biodiversity, and energy, while managing pollution and cli-
mate change challenges. Social sustainability relates to the availability of, labo
rural cohesion, human capital, and the distribution of ber{éfitdaietal., 2024)

However, while the conceptual understanding of sustainability is clear, the
practical application of sustainability principles has been challenging, particularly
in the development of asssment tools and indicator systems by international
agenciessuch as the FAO, OECD, and the EU, which are aligned to the policy
interests of these agenci@rooks, 2023) The FAOemphassesfood security,
the OECDemphasiesefficiency, while the EU combines the economic, environ-
ment al |, and soci al di mensi onsAgu-Brder t
vironmental Indicators framework. The indicator systems are generally incoher-
ent, reflecting prevailing disagreementgenthe appropriate way® measue
sustainability, which are generally uneven, environreenitreqd and incapable of
capturing tle economic realities in the regiof&alvanetal., 2022)

A more fundamental problem flse underdevelopment eEonomic sustain-
ability measures compared to those for the environment, which are often better
standardied (e.g., greenhouse gas emissions, soil erosiodyater use)Hari-
rametal., 2023) The analysis of economic factpssich as profitability, capital
formation, investment capacity, and productivisyoftenconducted usingradi-
tional economic methods rather than those that are more relevant to sustainability.
This problemis particulaty acutefor the Baltic States, which are smaller post
transition economies still struggling with structural changes that affect agricul-
tural performanceand for which regiosspecific economic data are often inade-
guate(Nwalaetal., 2025)
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Measuing sustainability alsanvolveschallengeselated tatime, scale, and
technology. Sustainability is a dynamic concept andherefore constantly
changing. It is important to note that measurement indicators that may have
worked a decade or two ago may no longer be relevant to modern agricultural
performancgHariram etal., 2023) Emergingtechnologies, such as renewable
energysources, precision farmingné circular economy approaches, introduce
new dimensions that may not have been considered previously. The need to up-
date these measurement indicators is therefore important, and this is often a chal-
lenge (Miller & Torres-Delgado, 2023)The issue is also compounded by the
scale, as faraevel measurement may not always reflect segtite or national
level measurement, and policy cycles may be shorter than the time required for
sustainability outcomes to become evid@turbatetal., 2025)

Another challenge is finding an ajpriate scale for carrying out sustaina-
bility assessments. Agricultuspansdifferent levels, from individual farms to
national and EU policy levelsachwith different information needs. What might
be suitable for an individual farmer might not bealii for the sector as a whole.

In addition, it can takeeveralyears for the effects of sustainability policies to be
realised yet policy and funding cycles are sht®tm. These issueaustbe ad-
dressed to develop assessments that make senaecaseful.

For instance, in the Baltic States, global challenges interact with regional
characteristicfurtherenhaning the importance of developing indicators for sus-
tainability. These regional characteristics include structural factors like small farm
sizes, low investment potential, dependence on imported machinery and energy,
demographic changes, and -ooigration of people from rural areas. In addition,
external factorssuch agjlobalisation, tradeliberalisation and geopolitical ten-
sions affectinput coss, labair availability, and competitiveness of expprod-
ucts These global and regional challenges underscore the importance of develop-
ing indicators of sustainability thatare theoretically justified, empirically
measuable and practically applicable.

All these challengemdicatethe importance of developing methodological
approacheso integrating multidimensional, dynamic, and regipecific infor-
mation for effective evaluations. In this respect, the next section of this disserta-
tion examineghe evolution of sustainability indicators and various approaches
such asmulti-criteria decsion-making for developingsustainabilityindicators
applicable to the Baltic Statesd agr.i

Though sustainability in agriculture is often discussed in terms of its dimen-
sions like economic, environmental, and social, this dissertgiamiicularly fo-
cuses on the economic sustainability of the agricultural setids. sectionin-
cludesthe environmental and social dimensions of sustainabibtyprovide a
conceptual background and demonsthaiw they affect economic performance.
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However, insubsequent sectionsrocedures for selecting, weighing, and evalu-
ating indicators for sustainabiliprebased on economic sustainability.

1.2. Indicators of Sustainable Agriculture: Evolution
and Limitations

The measurement of agricultural sustainapilitvolvestranslatingcomplex of-

ten abstract concepts into quantifiable indicators that capture economic, environ-
mental, and social performance. Thi$ort is requiredoecause indicators serve

as alternative measures or proxies for complex principles of sustainability, ena-
bling policymakers to monitor trends, compare systeamsl evaluate progress
(Pandeyetal., 2025) Over the last three decasl these indicators have evolved
alongside changing paradigms in environmental economics, agricultural policy
and systems thinking. While frameworks continue to be refined, no accepted sys-
tem can coherently align all sustainability dimensions irdinge decisionmak-

ing model(Villa-Encisoetal., 2023)

Early sustainability assessments concentrated primarily on environmental
conditions such as soil quality, water status, biodiversity, and pollution control,
drawingon Agenda 21 and global discussions initiated by the 1992 United Na-
tions Conérence on Environment and Developm@Baste & Watson, 2022)
Subsequent efforts by the OECD, FAO and the European Union broadened indi-
cator frameworks to incorporate so@oonomic dimensions, most notably
t hr ough t h-EnviEmnerias Indisajorsi(AEIs). Yet, these systems re-
mainedheavily skewed towasdenvironmental attributes and often overlooked
economic and institutional factors critical for viable agricultural development
(Barra & Falcone, 2024)

Progress in economic sustainability measurement has been comparatively
limited. Conceptssuch as resilience, profitability, competitiveness, investment
flows, income diversification, and market access are highly codepéndent
and therefore difficult to standardie across regionéBrooks, 2023)In smalt
farm structures typical of the Baltic States, additional contextual challenges arise:
fragmented landholdings, limited capital accumulation, deperydem imported
energy and machinery, and demographicroigration all shape the economic
realities of agriculturé Ma k u t etal.i2@2n) Empirical studies from Lithua-
nia, Lavia, and Estonia show that economic indicators can behave differently in
posttransition economies than in Western Europe, particularlferms of
productivity dynamics, capital intensity, and market integration. Thus, applying
universal indicator systesrwithout adjustment risks overlookinggionspecific
structural constraints
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To improve coherence across studies, researchers have grouped sustainabil-
ity indicators into thematic (e.g., productivity, resilience), functional (e.g., the
DPSIR model), or l@rarchical (farmregional national) categoriedVhile these
approaches facilitate comparison and create more logical structures for assess-
ment, they do not fully resolve persistent challengesh as selecting indicators
for each dimension, priorgting them, or mandgg data inconsistencies across
varied sources. These issues are especially relevant for the Baltic States, where
indicator availability and comparability vary by country and ye& - mieizm- n
etal., 2024)

Another limitation, which cannot be overstatedncernghe static nature of
some frameworks. For instance, some earlier frameworks, suehtiiser use
per hectare or crop yield, cannot be relied upon in measuring newer sustainability
indicators, sule as those associated witlyitalisation, use of renewable energy,
and circular economy, which have been influenced by recent advancements in
sustainable developmef#li etal., 2025) Asdigitalisationbecomes more prom-
inent in agriculture, there will be a greater need to ensure that newer indicators,
which can be adjusted teflectchanging technological and environmental fac-
tors, ®me into play, such as those associated with energy, waste, and climate
resilience(Setyadietal., 2025)

Another limitation, which has beaacognsed concerngssues of transpar-
ency, particularlyregardinghow some earlier studies selected their indicators. It
hasbeen noted that some earlier studies, particularly those that relied on expert
opinion, may have been prone to bias, thus making comparisons between global
and regional studigsitherchallenging. These issues have been noted in empirical
studiesconductedn the Baltic region, where some national institutionkithu-
ania, Estonia, and Latviarioritise economic factors such as cost, productivity,
and expow, respectively.

Finally, there remains a prevailing gap between academic frameworks and
policy implementation, with many evaluations remaining descriptive and failing
to deliver relevant insights to support investment planning and evaluation. This
gap is particularly pertinentwithegar d t o the European (
shift toward performanceébased governance, in which relialdealised eco-
nomic indicators play a vital role in allocating resources, measuring progress, and
identifying strategic areas for developméglahel & Lambin, 2025 or the Baltic
States, developing such indicetaemains vital in overcoming structural prob-
lems such as farm size, energy dependency, and investment, and ensuring long
term sectoral competitiveness.

In conclusion, although much progress has been made in developing and
structuring sustainability indators, current frameworks remain deficient in terms
of flexibility, economic representation, and regional specificity. Overcoming such
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limitations requires a complete, dynamic, and eviddrased approach to devel-
oping indicators, drawing on global besagtices andecognsing the uniqueness

of Baltic agriculture and its development. The next section discusses one critical
aspect of innovation, namely, the development and use of renewable energy indi-
cators in sustainability, linking environmental respbitisy with economic per-
formance.

In accordance with the object and aim of this dissertation, particular reference
has been made to economic sustainability indicators, while environmental and so-
cial indicators are considered from a contextual and conistygirerspective, in-
fluencing economic performance and development. This approach underpins the
conceptual framework for developing the expeeighted indicator system and
benchmarking model, as presented in subsequent chapters.

1.3 Systematic Review of Agricultural Sustainability
Indicators

Agricultureremainsa cornerstone of global and regional economies, influencing
food security, rural livelihoodsndlong-term stewardship of resources. But the
quest for greater gain has often produced environmedetdtfuction, economic
inequality, and social instability. In this environment, these tensions have driven
theneedfor coherentevidencebased approachésevaluae agricultural sustain-
ability in direct and comparable ways.

Sustainable agriculture is often viewed as having economic, environmental
and social elements. However, the relative importance of these dimensions varies
widely across studiesand indicator selgion remains inconsistent and frag-
mented.

To orient readers to the theoretical framework within which economic sus-
tainability is explicitly identified as the analytical lens used in this dissertation,
environmental and social dimensions are also revigwedntextualse those as-
pects of sustainability theory relevant for identifying potentially important eco-
nomic drivers.

For this purpose, the studpnducteda systematic literature review (SLR)
usingthe SALSA framework and PRISMA guidelines. The reviéyeused on
peerreviewed articles indexed in Web of Science that defineperationate
sustainability indicators for agricultural systems. This plan guaranteed transpar-
ency, reproducibilityand methodological rigw regarding the identification of
indicators most commonly used in sustainability assessment.

The review was implemented through four sequential steps:

1. Searchi identification of relevant publications using predefined agricul-
ture-sustainability keyword combinations;
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2.

3.
4.

Appraisal i screening of teidies based on methodological quality and
thematic relevance;
Synthesisi extraction of sustainability indicators from selected studies;
AnalysisT classification of indicators according ttee sustainability di-
mension and frequency of use.

This process poduced a consolidated inventory of sustainability indicators
spanning economic, environmental, and social dimensions. Importantly, this in-

ventory does not represent the final indicator system used in the empirical

analysisbut rather serves as a theoretical knowledge base from which economic
sustainability indicators are subsequently screened, refined, and validated through

expertbased procedures describedhia SecondChapter.
Tablel.1 presentacomprehensive set of stainability indicators identified
in the literature and grouped by dimension.

Table 1.1. Indicators for sustainable agriculture

Dimen- Indicators References
sion
Social Acceptable agricultural (Ngoetal., 2021)

practices

Compatibility

(Ingrametal., 2015)

Contribution to employment

(Ngoetal., 2021)

Demographic structure

(Teyetal., 2012)

Ecosystem services

(Huangetal., 2015)

Education (Melchior & Newig, 2021)
Employment (Melchior & Newig, 2021)
Equality (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal.,, 2021)

Farmerso6 rig|

(Zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal., 2021)

Far mer-Bedg we l

(Zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal., 2021)

Food

(Teyetal., 2012)

Food safety

(Garciaetal., 2020)
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Continued Table 1.1

Dimen- | Indicators Refaences
sion
Health and nutrition (Zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal., 2021)
Health andsafety (Teyetal., 2012)
Isolation (Lebaq etal., 2013)
Knowledge (Teyetal., 2012)
Life quality consumers (Teyetal., 2012)
Life quality workers (Teyetal, 2012)
Multifunctionality (Lebacgetal., 2013)
Quality of life (Lebacgetal., 2013)
Quality of product (Lebacgetal., 2013)
Quality of rual areas (Lebacgetal., 2013)
Quality of process (Aithal & Aithal, 2018)
Relative wages (Fullard, 2021)
Resilience (Zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal., 2021)
Share of the family laho (Colnago & Dogliotti, 2020)
force
Social implication (Lebacgetal., 2013)
Technology (Teyetal., 2012)
Women empowerment (Mulemaetal., 2019)
Working condition (Lebacgetal., 2013)
Eco- Accessibility (Rondhietal., 2018; Teyetal., 2012)
nomic Agricultural activities (Lebacgetal., 2013)
Agricultural labour produc- | (Zhang, Yao, Vishwakarma, Dalin, Ko-
tivity marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal., 2021)
Agricultural support (Zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal., 2021)
Animal feeding (Lebacgetal., 2013)
Capital productivity (Kheyfets & Chernova, 2019)
Cost (Teyetal, 2012)
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Continued Table 1.1

Dimen- Indicators References
sion
Credit availability (Zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal., 2021)
Diversificaion of activities | (Biczkowskietal., 2021)
Diversification of income (Bojnec & Knific, 2021)
Efficiency (Zulfigar etal., 2019)
External financing (Lebacgetal., 2013)
External income (Lebacgetal., 2013)
External inputs (Lebacgetal., 2013)
F a r profigbility (Lebacgetal., 2013)
Far mer 6s r i s| (zZhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal, 2021)
Food loss (Zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal.,, 2021)
Income (Lebacgetal., 2013)
Investment intensity (Jayneetal., 2019)
Labor productivity (Kheyfets & Chernova, 2019)
Land productivity (Coomesetal., 2019)
Liquidity (Zeweldetal., 2017)
Market access (zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davjsfeifer, Zhao, Zou,
etal.,, 2021)
Marketability (Lebacgetal., 2013)
Mineral fertilisers (Lebacgetal., 2013)
Nonragriculture activities | (Lebacgetal., 2013)
Price ( Me | etal.j2D20)
Production (Lebacgetal., 2013)
Profitability (Jatetal., 2020)
Subsidies (Scownetal., 2020)
Working capital level
Environ- | Agriculture practices (Lebacgetal., 2013)
ment Biodiversity (Yadavetal., 2017)
Biological soil quality (Lebacgetal., 2013)
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Continued Table 1.1

Dimen-
sion

Indicators

References

Chemical soil quality

(Lebacgetal., 2013)

Climate change

(Zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal., 2021)

Compaction measurements

(Edrrisetal., 2020)

Complex model

(Lebacgetal., 2013)

Crop protection intensity

(Volkov etal., 2022)

Crop rotation

( S ¢ h etni., 2092)

Culture reside manageent

(Lebacgetal., 2013)

Domestic biodiversity

(Lebacgetal., 2013)

Ecosystem

Emission of acidifying gase

(Lebacgetal., 2013)

Emission of greenhouse
gases

(Lebacgetal., 2013)

Energy intensity

(Wu & Ding, 2021)

Environment measure

(Lebacgetal., 2013)

Farm structure

(Lebacgetal., 2013)

Fertiliser use intensity

(Raliyaetal., 2017)

Greenhouse gas emission i
tensity

(Skinneretal., 2019)

Importance of grasslands

Land use and loss of biodi-
versity

(Zhang, Yao, Vishwakarma, Dalin, Ko-
marek Kanter, Davis, Pfeifer, Zhao, &
Zou, 2021)

Livestock density

(Van Grinsveretal., 2015)

Machine use

(Lebacgetal., 2013)

Nitrogen farmgate balance

(Lebacgetal., 2013)

Non-renewable

(Teyetal., 2012)

Operational model

(Lebacgetal., 2013)

Organic carbon indicator

(Lebacqgetal., 2013)

Organic fertilsation

(Lebacgetal., 2013)

Permanent grasslands

(Schilsetal., 2022)

Physical soil quality

(Lebacgetal., 2013)
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End of Table 1.1

Dimen- Indicators Refeences
sion
Pollution (Zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal., 2021)
Renewable resources
Resources (Lebacgetal., 2013)
Soil analysis (Lebacgetal., 2013)
Soil cover (Lebacgetal., 2013)
Soil health (Zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kanter, Davis, Pfeifer, Zhao, Zo
etal., 2021)
Soil type (Lebacgetal., 2013)
Soil fertility (Rondhietal., 2018)
Specific positive (Lebacgetal., 2013)
Water availability (Zhang, Yao, Vishwakarma, Dalin, Ko-
marek, Kantg Davis, Pfeifer, Zhao, Zou
etal.,, 2021)

From this comprehensive inventory, only indicators relevant to the economic
sustainability of agriculture are retained for further expert vidideand multi
criteria analysis in subsequent methodological stages.

1.4. Renewable Energy in Agriculture and
Sustainable Development

Increasingly, renewable energy has been squarely at the heart of sustainable
agricultural developmentecognisinghe dual role of the sector as a signifi-
cantenergyconsumerwith implications for theplanet, and as an enormous
source of clean energy potential. With agriculture increasingly challenged by
volatile fossil fuel markets, carbon pricingndclimaterelated commitments
renewable energyffers strategic leverage where economic viability con-
verges with environmental responsibilityijayakumaretal., 2023) Moving

away from fossil fuels to renewable energy sources (e.g., biomass, biogas, so-
lar, and wind) minimises exposure to externanergyshocks Also, it helps

drive the transiobn towards a lowcarbon agricultural econom@Wei etal.,

2025)
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Renewable energy plays a multidimensional role in ensuring agricultural
sustainability. From an economic standpoint, replacing fossil fuels with
cleaner alternatives not only reduces greenhouse gas emissions but also helps
reducepollution andalignsthe fctor with international climate objectives
(Kamyabetal., 2024) Renewable energy provides economic benefits through
increased energy independence and reduced exposure to volatile pricing, pro-
moting longrun cost stability which is key for farms. Socially, it enhances
rural development through local employment opportunities, cooperative initi-
atives and innovation around the community. As a result, renewable energy
not only functiors as an environmental assatdeconomic resourcbut also
asanacceleratoof social wél -being.

Relatedly, there has been a paradfébrt in the literature to develop sustain-
ability indicatorsspecificto renewablenergy These performance indicators have
evolvedfrom purely quantitative metricsuch as total energy consumptiorite
share of renewablenerg, to more sophisticated measuthat deliverinsights
into efficiency, selfsufficiency, lifecycle impactsand netenergy balance. Re-
search has increasingtategorsedrenewable energy dicators into three general
categories:

1. Inpuf output indicators, renewable energy used per heetadgheshare
of renewables ithetotal energy consumption

2. Technology and efficiency metrics (e.g., biogas conversion efficiency
andsolar capacitytilisation), and

3. Environmental and resilience indicators (e.g., emissions reduatidn

progressn reducing energy vulnerability).

This evolution illustrates a move away from static, resebesed evalua-
tions and towards cohesive metrhat link energy consumption to sustainability
outcomes and farfevel resilience.

Despite these advances, however, major limitations remain. Existing sus-
tainability frameworks rarely include renewable energy indicators as a guiding
principle and often tra this resourcasexternal to agricultural performance.
Furthermore, universal indicator sets often do atount forregional heter-
ogeneity of energy systems, technology accasd structural condition&m-
pirical studiedocusdirectly on this gapn Baltic Stateévariation depending
on farm size, capital availabilifyand energy dependencys well as climatic
conditions which greatly impactthe feasibility of renewable energy imple-
mentation in Lithuania, Latviand Estonid L e k a etall 2024)sRegional
indicators are needed to assess these contextual dynamics; in their absence,
assessments touting notional security goals risk unabashedly mistaking the
medium for results.
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Developing renewable energy is particularly important in the Baltic cgntext
given thehigh dependence on imported fuels dmeleagerness for greater politi-
cal stability. To achieve this, nationally available resoyrsgsh as crop residue
and biogas fro agricultureanddecentrabedsolarsourcesare attractive domes-
tic pathways to enhance energy security in conjunction with improved sustaina-
bility outcomes. For example, Lithuania is increasingly populapfaritisng
bioenergythe establishment ofmallscale solar plantandthe development of
biogas into national strategies for climaeutral growth(Pandeyetal., 2022)

Yet empirical research demonstrates that adoption is heterogeneous across farms,
and barriergo uptake include limited access to financing, technical constraints,
and fragmentation between agricultural and energy policies.

These challenges highlight the need for analytical frameworks that view
renewable energy as a structural aspect of agri@llsustainability, rather
than only an added component. Existing indicators tend to be still too broad,
poorly adaptable or less appropriate for piansition agricultural systems
where institutional conditions and economic as well as enexigyed re-
strictions diverge from Western European settings. Further work in this area
is needed to develop contespecific renewable energy indicators that can in-
clude aspects such as economic feasibility, resource efficiency and the contri-
bution to longterm resilence.

In conclusion, renewable energy transforms sustainablefcagtisystems
economically, environmentallyand socially. However, in the case of the Baltic
States, and Lithuania in particular, renewable energy integration into sustainabil-
ity assessmeritames is crucial to achieve climate targets, foster competitiveness
and promote rural development within a wider framewortheEuropean Green
Deal. Nonetheless, a system of renewable energy indicators that is coherent and
suitable for the region an@w then be embedded into wider sustainability assess-
ment tools is missing frorthe literature. The following section describes how
these indicators can be integrated into a broader framework for evaluating agri-
cultural sustainability in the Baltic region.

1.5. Renewable Energy and Sustainable Agriculture:
Review of Indicators

Energy systems and agriculture are inherently interconnected, with each sector
strongly influencing the sustainability and performance of the other. Agriculture
depends heavily on erggr inputs for production, processing, and transportation,
while simultaneously serving as an important supplier of renewable energy re-
sources, particularly through biomass and bioenergy pathiwésisetal., 2025)
However, conventional reliance on fossil fuels in agriculture has contributed to
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environmental degradation, rising production costs, and incr@asade volatil-

ity. As a result, the integration of renewable energy into farming systems has be-
come not merely a policy option but a strategic requirement for enhancing long
term sustainability.

From an economic perspective, renewable energy plays aotmauagive role
in strengthening agricultural sustainability. Cost reductions from lower energy ex-
penditures, reduced exposure to fossil fuel price volatility, and the creation of ad-
ditional revenue streams (e.g., bioenergy productioffaon solar generain)
directly improve farm profitability and financial resilien@&'ei etal., 2025) Re-
newable energy adtipn also enhances energy independence, supports techno-
logical innovation, and stimulates economic activity in rural arisasors that
collectively contribute to the economic robustness and competitiveness of agri-
cultural systems. Furthermore, decreasinlperability to energy price shocks is
increasingly important fostabilisng farm incomes and safeguarding food secu-
rity (Marti etal., 2025)

Within the Eupbpean Union, renewable energy integration is a central pillar
of the European Green Deal and the reformed Common Agricultural Policy
(CAP), both of which aim to promote a climateutral and resoureefficient
economy. For the Baltic States, where agrimaltremains economically signifi-
cant and energy dependence is relatively high, renewable energy deployment sup-
ports not only environmental objectives but aésmnomic sustainability and
rural development.

To identify andsystemaseindicators at the irsection of renewable energy
and agricultural sustainability, a systematic literature review was conducted. A
total of 420 peereviewed articles published between 2010 and 2023 were re-
trieved from the Scopus database andlysed following the SALSA (Seahi
Appraisal SynthesisAnalysis) model and PRISMA guidelines. The extracted in-
dicators were classified into economic, environmental, social, institutional, and
technical categories to capture the multiple channels through which renewable
energy affects agcultural systems.

Importantly, while the review adopts a broad sustainability perspective, this
dissertationutili sesthe identified indicatorselatedto renewablenergy primarily
to inform the assessment of economic sustainability. Indicators nefexist ef-
ficiency, energy productivity, investment in renewable technologies, and income
diversification are of particular relevance for subsequent empirical analysis. Thus,
the resultingsetof indicatoss serves as a theoretical reference base andteadly
benchmark for selecting economidicators relatedo renewablesnergyin the
methodological stag&.able 1.2 shows thimdicatorsfor renewable energgnd
sustainable agriculture.
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Table 1.2. Indicators for renewable energpnd sustainable agriculture

Dimension | Indicators References
Economical | Capital investment (Bagherietal., 2019)
(USD/kWh)
Economical | Productive energy uses | (Kaygusuz, 2011)
Economical | Employment generation| (White, 2012)
Economical | Investment cost (Ho etal., 2014)
Economical | Maintenance cost (Ho etal., 2014)
Economical | Approximate lifetime (Elkadeemetal., 2019)
Economical | Average personal incom| (Kaygusuz, 2011)
Economical | Unemployment rate (Khanetal., 2018)
Economical | Average daily per capit{ (Lages Barbosatal., 2015)
water use (lite) (exclud-
ing industrial use)
Economical | Electricity consumption (Owusu & AsumadtSarkodie, 2016)
per person
Economical | Total gross electricity (Owusu & AsumadtSarkodie, 2016)
generation
Economical | Primary production of rej (Lim etal., 2012)
newable energy
Economical | Greenhouse gas emissio (Panwaretal., 2011)
from theenegy sector
Economical | Electrical capacity Com| (Jahangir & Cheraghi, 2020)
bustible fuels
Economical | Electrical capacity Hy{ (Chel & Kaushik, 2011)
dro, Wind, Solar
Economcal | Inflation rate (TaghizadekHesaryetal., 2019)
Economical | Economc growth rate (Owusu & AsumadiBarkodie, 2016)

Environment

Emission of CQper kWh
of electricity in kg/kWh

(Jebli & Youssé 2017)

Environment

Fuels displaced

(Korbergetal., 2020)

Environment

Contamination factor

(Owusu & AsumadiBarkodie, 2016

Twidell, 2021)

Environment

Amount of pollutant vol-
ume

(Abdeshahiaretal., 2016)

Environment

The proportion of lang
use

Environment

Effectiveness inincreas-
ing employment

(Owusu & AsumadtSarkodie, 2016)

Environment

Safety of using the energ

(Owusu & Asumdu-Sarkodie, 2016)
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Continued Table 1.2

Dimension

Indicators

References

Environment

Help in social improve
ment

(Owusu & AsumadiBarkodie, 2016)

Environment

Green esource index

(Twidell, 2021)

Environment

Permeable rate in urba
lands

(Hoffackeretal., 2017)

Environment

Per capita CO2 emissior|

(Jebli & Youssef, 2017)

Environment

Proportion of slightly
polluted rivers

(Twidell, 2021)

Environment

Reservoir water quality

(Misaghietal., 2017)

Environment

Tap water quality

(Misaghietal., 2017)

Environment

Daily wasteproduction

(Kalyani & Pandey, 2014)

Environment

Recycling ratio for solid
waste

(Zamrietal., 2021)

Environment

Solid wastecomposted

(Kalyani & Pandey, 2014)

Environment

Utili sationrate for renew-
able resources (bottor
ashes)

(Kalyani & Pandey, 2014)

Environment

Stringency of environ:
mental regulation

(Tyagi & Lo, 2013)

Environment

Enforcement of environ
mentalregulation

(Khanetal., 2019)

Environment

Quality of the natural en
vironment

(Panwaretal., 2011)

Environment

Renewable energy cor
sumption

(Panwaretal., 2011)

Environment

Share of renewaldeen-
ergy in gross final energ
consumption

(Ben Jebli & Ben Youssef, 2017)

Environment

Share of renewable i
power production

(Khanetal., 2018)

Institutional | Management capability (Khanetal., 2018)
required
Institutional | Operation &maintenance (Oudaetal., 2016)
skill required
Institutional | Consistency with the in| (Van Vuurenetal., 2017)
ternational policies
Institutional | Assistance in complet| (Naceretal., 2016)
selfsufficiency
Institutional | Degree of dependence ¢ ( San Cri st - bal, 240

energy imports
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Continued Table 1.2

Dimension | Indicators References
Institutional | Enforcement of local en| (Heetal., 2012; Ran2017)
vironmental plans
Institutional | Citizen participation in (Walkeretal., 2014)
major planning and deci
sion-making
Institutional | Joint international coop (Ullah etal., 2021)
eration regarding sustair
able development (SD)
Institutional | Environmental and ecq (Burkhard etal., 2012; Ceschiaetal.,
logical budget ratio to to| 2010)
tal budget
Institutional | Social welfare expendi (Astariz & lglesias, 2015; Kanadeatil
tureratio to total expendi{ etal., 2010; Mohammadi & Omid, 2@}
ture
Institutional | Government expenditur| (Nanda & Berruti, 2021; Tyagi & Lo
on pollution preventior] 2013; Wainainatal., 2020)
and resource recycling
Institutional | Ratio of completed as (Acar & Dincer, 2014; Esen & Yukse
sessments to initiated a| 2013)
sessments
Institutional | Appellate statistics 0| (Asmelash, 2015; Cosbey & Mauvroidi
court cases related to e| 2014)
vironmental pollution
Institutional | Transparency of goverrf ( Ghi mi re & Ki m,etal
ment policymaking 2018; Stokes, 2013)
Institutional | Government effective- | (Liu etal, 2017; Peidongetal., 2018;
ness Twidell, 2021)
Institutional | Regulatoryquality (Bevranietal.,, 2010; Castillo & Gayme|
2014; Hernandeetal., 2014)
Institutional | GDP per capita (Ben Jebli & Ben Youssef, 2017; Jebli
Youssef, 2017)
Social Availability of subsidyin | (Elkadeemetal., 2019; Mohammeeétal.,
% considering lifetimeg 2014; Pirasteletal., 2014)
energy cost
Social Access to credit (Abdmoulehetal., 2015; Kaygusuz, 2011
Owusu & AsumadiBarkodie, 2016)
Social Urban population density (De Bonetal., 2010; Kammen & Sunte
2016; Spechetal., 2014)
Social Number of household| (Chen etal., 2010; Diao etal., 2010;
below the poverty line | Kaygusuz, 2011)
Social Wealth gap (Goldembergetal., 2018; Saez & Zuc

man, 2016)
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End of Table 1.2

Dimension | Indicators References
Social Crime rate (Goldemberg etal., 2018; Khan etal.,
2019; Walters, 2017)
Social Annual casualties fron| (Hussainetal. 2020; Shahsavari & Ak
public disasters bari, 2018)
Social Annual number of trans ( G a rOtivarasetal., 2018; Lior, 2010)
portation accidents
Social Public facility area ratig (Hernandeztal.,, 2015; Mondal & Den-
to urban landareas ich, 2010)
Social Per capitgark and green (Gasparatogtal., 2017; Sen & Ganguly|
areas 2017; Subhadra & Edwards, 2010)
Social Riversidepark and green (Pasqualetti, 2011)
area per person
Social Sewerage and waste r| (Kacprzaketal.,, 2017; Qambrangetal.,
moval efficiency 2017)
Social Rate of sanitary sewerag (Shenetal., 2015; Wahaaktal., 2020)
to total sewerage systen|
Social Per capita pedestrig (Rahmaretal., 2017; Stometal., 2013)
walkway index
Social Availability of latest| (Lim etal., 2012; Panwaetal., 2011)
technologies
Social Affordability of financial | (Amer & Daim, 2011; Sen & Ganguly
services 2017; Timilsinaetal., 2012)
Social Capacity for innovation | (Chen & Yada, 2011; lkraratal., 2020)
Social Company spending o| (Baloch etal., 2019; Ben Jebli & Ber
R&D Youssef, 2017; Liwtal., 2017)
Social University-industry col-| (Phongthiyaetal., 2022)
laboration in R&D
Technical Energy availability (Lim etal,, 2012; Panwaetal., 2011)
Technical Overallefficiency (Mekhilefetal., 2011; Panwagtal., 2011;
Twidell, 2021)
Technical Technicalstandards (Peidongetal., 2018)
Technical Daily availability d ser-| (Owusu & AsumadiSarkodie, 2016)
vices
Technical Ease of access to the n (Ghaffour etal., 2015; Surendraetal.,
quired technology 2014)
Technical Help in meeting energy (Ellabban etal, 2014; Owusu &
needs AsumaduSarkodie, 2016; Panwagtal.,
2011)
Technical Construction time (Mekhilef etal., 2011)
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From this comprehensive inventory, only indicators relevant to the economic
sustainability of agriculture are retained for further expert vatidasind multi
criteria analysis in subsequent methodological stages.

1.6. Research Gap and Conceptual Framework for the
Current Study

The existing literature benefits from considerable progress in framing agricultural
sustainability as a multidimensional ngiruction, but there are obvious voids
when it comes to designing its economic dimension. While many international
bodies and scholars have suggested sustainability paradigms, typieatignod-
elsarehighly fragmenedor conceptudy integraed Consequentlythey do not

offer solid foundations for making sure the findings are regionally relevant nor
provide a clear (or comparative) pathway for policymakers to assess such eco-
nomic performance in the context of wider sustainability transitions.

The first major gap is the perennial underrepresentation of economic indica-
tors in sustainability assessments. Although environmental and social aspects are
relatively well defined, economic variables such as productivity dynamics, capital
formation with irvestment capacity, income diversificatji@nd market integra-
tion have commonly been considered as secondary factors. In this omission, the
ability to comprehend how economic conditions empower or curtail environmen-
tal and social goals is limited. Thispsonounced in small, open and pasinsi-
tion agricultural systems like the Baltic Statebere economic viability tightens
the linkage between structural resilience and {mnm sustainability.

The second gap stems from the low regional relevance stirexindicator
systems. Many global and EU measuentframeworks depend ostandardied
metrics that do not consider the particular structural and -@tinomic chal-
lenges facinghe Baltic agriculture (including fragmented farm structures, de-
pendence o energy imports, demographic decline and limited access to capital).
The introduction of generic indicators in such contexts is at risk of producing mis-
leading conclusions and undermining policy interventions. This indicates a clear
demand for indicatorystems that maintain alignment with EU sustainability
goals but also consider specific regional characteristics and limits.

A third gap concerns the conceptual clarity prdritisationof the indicators
of sustainability frameworkdvany pieces ofiterature present some unweighted
or implicitly weighted indicator liswithout specification of which factors drive
agricultural sustainability to a great extenhis lack of structure decreases com-
parability between studies and diminishes the practicatlitalof assessments.
The trick is not just deciding on the indicators that makiet to articulate some
conceptual hierarchy differentiating between core economic drivers and ancillary,
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or contextually important variables. It is imperative to addressghp through
frameworks integrating both theoretical justification and empirical relevance.

Lastly, contemporary sustainability literature can lack practical relevance to
policy. Most of these academic modelmphasse theoretical discussions or de-
scriptive analyses and thus offer little guidance for decigiaking under chang-
ing policy framewoks, like the European Green Deal or reformed Common Ag-
ricultural Policy. Given the ongoing shift in EU governance and the increasing
move towards performandmsed assessments, the lack of such indicators hinders
communication between academics on groupadyics within the bureaucracy
and national administrations or sectoral stakeholders. This gap highlights the im-
portance of an integrated conceptual framework linking sustainability theory to
measurable, regionally grounded indicators of economic perfoemanc

These gaps, in conjunction, delineate the theoretical underpinnings of this
study, which aims at constructing an integrated aodtextsuited framework for
evaluating economic sustainability withime agricultural sector acrosise Baltic
States that is theoretically justified, empirically robasd responsive to evolving
policy changes.

Following the theoretical discussion and systematic reviews provided in this
chapter on sustainability and renewabhergy indicators, this section generates
the current study sonceptual framework.

With the acknowledgement that differenistainabilitydimensions interact,
but that there is still aimbalancein how these dimensions apperationaked
across empidal research, the conceptual framework for this dissertation is built
on grounded knowledge of sustainable agricultlifee existing literature con-
vincingly establishes that economic indicators are still underdeveloped, poorly
defined and badly adapted ttoe regional structures of agriculture. This brings
into focus the gap between current practice and future vision in terms of poten-
tial(s) and stresses the need for externally set targets (such as sustainability), even
though these will have to be achievedder conditions shaped by small farm
structures, energy dependency, limited capital formation and demographic chal-
lenges typical of podransition economies (exemplified by Lithuania, Lapaa
Estonia).

The economic dimension is acknowledged in thislyg as the primary ana-
lytical lens because it has a significant impact on environmental and social conse-
guences. So, the core economic domains of agricultural viability are tracked
which reflect productivity dynamics, investmeand capital formationncome
diversification, market competitivenesd energy integration itne Baltic re-
gion of study presented laconceptual model. These domains are influenced by
the structural and policy contexts in conjunction with environmental constraints
and sociatevelopments. This framework provides a consistent basis for finding
indicatorsthat aretheoretically sound, regionally appropriza@drelevantto the
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EU sustainability policypy placingeconomic indicators within this larger multi-
dimensional system.

This conceptual framing connects three critical threads: (i) relevant lessons
from the literature on sustainability indicators and their shortcomings; (ii) key
structural and economic characteristicghaf Baltic agriculture, and (iii) the ne-
cessity to estblish a transparent neeagpropriate system of economic indicators.
These components, combined with the @wticator®data, set the basis for an
assessed approach that could deliver insightful potgvant assessments of ag-
ricultural economic sustaability in the Baltic States.

Overall the literature validates a need to tailor regional information along
with theoreticatoherenewhen deciding on howo down-scak agricultural eco-
nomics sustainability assessment in the Baltic states. The conceptual framework
developed in this chapt@rovides the basis for identifying and structuring the
indicators needed to conduct such an assessment. The next chapter extends this
overview by demonstrating the methodological design through which these indi-
cators are translated into practice within the empirical analysis

1.7. Conclusions of the First Chapter and
Formulation of the Dissertation Tasks

1. Besides, the literature suggestat agricultural sustainability is multidi-
mensional; however, its economic component has not beeropesth-
tionalisedand lacks coherent integration in reviewed frameworks.

2. Current sustainability indicator systems are mainly environmigraeit
ented, wiereas significant economic variahlés example productivity
movements, capital structure, income concentration, market integration
and energy dependen@re underrepresented.

3. Most current systems depend on common indicators that do not reflect
the irfrastructural traits of small, open, and puorsinsition agriculture
sectors like those in the Baltic States.

4. By not being able tprioritise or establish a hierarchical concept, sustain-
ability assessments lose comparability and thus practical appligabilit

5. Furthermore, the transfer between academic models and policy imple-
mentationremainsblurred especially inthe context ofthe measurable
indicators as required under the European Green Dedha@bmmon
Agricultural Policy.

6. The evidence reviewed in this paper indicademand for a regieape-
cific, theoretically underpinnednd empirically validated structure to de-
velop economic pointers within an open and replicable phenomenon.
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7. This chapter responds to the first taskhef tlissertation, to start a theo-
retically grounded and contegensitive system of economic sustainabil-
ity indicators based on these findings.

8. The remaining tasks of the dissertation are:

1 Design and validate a multriteria assessment methodology includ-
ing Delphi method, BesWorst Method (BWM)and TOPSIS.

I Empirical evaluation and comparison of the agricultural economic
sustainability level in Lithuania, Latvia, and Estonia with the policy
recommendations to implement according to EU frameworks.



Research Methodology: Systematic
Review and MCDM-Based
Assessment Framework

This chapter presents the methodological design of the dissertaéirplains the
procedures adopted to develop and apply an exmgghted indicator system and

a multi-criteria compartive benchmarking model for assessing the economic sus-
tainability of the agricultural sector. It describes the structured integration of the-
oretical and empirical methods, including systematic literature review protocols
(SALSA and PRISMA), expert elicitan (Delphi method), and multiriteria de-
cisionrmaking (MCDM) techniques, particularly the Bidatorst Method (BWM)

and TOPSIS, ensuring transparent and reproducible indicator selection, valida-
tion, weighting, and benchmarking. All methodological stageseaplicitly ori-

ented toward assessinghe economic sustainability of the agricultural sector,
while environmental and social dimensions are treated as contextual and con-
straining factorghat influenceeconomic performance. The systematic review
componehis based on the first and second papggrd, Sy st emati ¢ Re\
ricultural Sust@@Batbatit g GhdandiicRiek s 0
newabl e Energy and Sustainab(@BahadAgr i cu
Gtrei mi ki,eheréd SALSZAGRdPRIBFMA protocols were applied, while

the MCDM-based assessment framework is developed based on the third and
fourth papersfi Sust ai nabil ity Assesoidagngthe of t

29
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BesiWor st Met hod: Ca s e (Sreimildsetal.pZ024)Bradl t i C

AfAssessing Sustainable Agricul t-Qire i n
teria Decision Making (MCDM) and EUR
Vi e (Bathaei& Streimikiene, 202} published in journalsndexed in the Cla-

rivate Web of Science Core Collectidn.this dissertationGrammarly was used

for editing of syntax and grammar.

2.1. Introduction and Research Philosophy

Using the proof of merit in practical research as a starting point, this dissertation
embraces a multnethod triangular research design built upon a pragmatic re-
search philosophy that encourages methodological agility and identifies ap-
proaches that aligwith its objectiveby solving acomplexrealworld problem.
Pragmatism is especially relevant for sustainability assessment, where economic,
environmental and social dimensions interact in ways that cannot be encompassed
by any one methodological traditioim the Baltic States with their pesansition
agricultural structures, data asymmetreesd regiorspecific sustainability chal-
lengesa practical approactnableghe inclusion ofvariousevidence formgrom
various data sourcedoutthe contexsersitive evaluation of regulations.

The pragmatic paradigm directly correspstuwithe research gaps identified
in the FirstChapter. Current sustainability frameworks are wésdk consistent
economic indicatorshave limited regional applicabilinand povide little influ-
ence on practical poliegnaking. Bridging these gaps is possible due to a prag-
matic methodological orientation that combines systematic conceptual analysis
and empirical evaluation. The choice of mixed methodhé&efore not simply
amethodological but also an epistemological matter: it connects thedding,
expert judgementand quantitative assessment in a coherent analytical frame-
work.

Thus, this study uses qualitative and quantitative methods. SALSA and
PRISMA systematic litetare review methods serve astleoreticallybased
framework for collecting, identifyingand structuring sustainability indicators. In-
dicators are, on the other hand, obtained through ekpedd procedures, includ-
ing, in particular, the Delphi method regularly used both for identification of po-
tential indicators and their evaluation amongkeholdersensuring that these
reflect reality specific to agriculture of the Baltic Sea region. Quantitative-multi
criteria decisionmaking (MCDM), namely BWM and TOPSIShentranslates
expert knowledge/insights and empirical data jtioritisation'comparative as-
sessment. This triangulation addsand improveshe analytic validity, strength-
ensthe robustnes®f findings, and closes the gap between conceptual develop-
ment and actual policy application.
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Taken together, these methodological choicesamiee that the dissertation
stays conceptually rigorous while remaining empirically grounded and responsive
to the decisioamaking needs of agricultural stakeholders and policymakers in the
Baltic region.

2.2. Research Design and Framework

The methodologi design of this dissertation rests on an integrated and sequen-
tial research framework thatearly connects the research aim and tasks to the
applied methods, data sources, and empirical outputs. This design explicitly tar-
gets the methodological and ceptual gaps made evident in the literature (most
notably, limited operationakation of indicators of economic sustainability, weak
regional specificity, and poor comparability among existing assessments).

The framework thus guarantees that the assessht® economic sustain-
ability of theagricultural sector imhe Baltic States igroundedheoreticallyand
factually, and policyrelevant througtheinterweavingof aqualitativebased con-
tact with a quantitativeoriented approach within a common logic. At the same
time, environmental and social dimensions are embedded as contextual and con-
straining factors upon economic performance rather than objects of assessment in
their own right. The steps of ghiesearch process are sequential with logical links
from indicator identification, focus and filtering to tpeioritisation by experts
across and finallyguantitative performance testing basecharmonged statisti-
cal data. Figure 2.1 shathe overallresearch logic and interdependencies be-
tween stage Acomplete analytical framework tfedissertatioris presented

The sequential logic of the research design is depicted in Figure 2.1, which
also illustrates how each methodological element infohrasetaluation of eco-
nomic sustainability for agricultural systems. The research process consists of
four interdependent and sequentially ordered phasgadingthe conceptual de-
velopment and indicator identification, followed by exgessedrioritisation be-
fore benchmarking empirically. Figure 2.1 gives a visual representation of the
methodological flow and shows how SALSA/PRISMA #i identification of
indicators, the Delphi method assists expert validation, BWM helpsedadi+
cator weightsand TOPSIS allows comparative economic sustainability bench-
marking.

SALSA and PRISMA procedures are applied in Stage 1 to systematically
identify potential economic sustainability indicators frtteacademic literature,
European Union policy documentnd stéstical frameworks. This stage pro-
vides conceptual validation and internatiost@aindardiation Thereviewfocuses
onenvironmental and social indicators as they relate to the context, with the main
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output being a provisional set indicatos thatfocus on issues of economic sus-
tainability in agriculture.

Stage 2 involves using the Delphi method to confirm the relevance, clarity
and regional applicability of this initial list of economic indicators. A-4wand
consultation process is undertaken with experts from Lithuania, Latvia, and Esto-
nia with backgronds rangingrom agricultural economics to sustainability and
rural development. This stage also meets the neaedaynally-specific orcon-
textually-accurate indicators, sindeased on the experiences with global indicator
networks posttransition cotexts require different indicatofsom generic ones
due tolimited validity

( Research Aim )
Development and validation of an expeveighted indicator
system and mulicriteria comparative benchmarking modegl
for assessing the economic sustainability of the agricultyral

sector in Lithuania and the Baltic States

N
1: Identification of Economic Sustainability
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Stage 2: Expert Validation of Economic Indicators
(Delphi Method)
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Stage 3: Weighting of Economic Sustainability Indicato
(BesgWorst Methodg BWM)
w 9 Eihfisnel weights

\ J
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Stage 4: Comparative Economic Sustainability Assessnjent
(TOPSIS)

- J

Fig. 2.1. Research process and methodological framework for assessing the economic
sustainability of the agricultural sector
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In Stage 3, the validateztonomic indicator set is weighted using the Best
Worst Method (BWM). Experts identify the most and least important indicators
and conduct pairwise comparisons. BWM is selected due to its reduced cognitive
burden, high internal consistency, and suitabildy small expert panels. The
main output of this stage is a transparent and replicable set of-aXpemed
indicator weights.

In Stage 4, the Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS) integrates the BWHdlerived weights wit standardied empirical data
from EUROSTAT and national statistical offices to evaluate and compare the eco-
nomic sustainability performance of the agricultural sector in Lithuania, Latvia,
and Estonia. This stage produces comparative rankings and guanfitfor-
mance scores that support evidehesed interpretation and policy analysis.

These stages, taken together, comprise an integrated methodological frame-
work that bridges conceptual foundations and expert judgement with empirical
analysis. A stagestructure provides for cohesion throughout the research process
and an effective decisiesupport tool that allowkr assessgthe economic sus-
tainability of the agricultural sector in the Baltic region.

2.3. Data Sources and Research Context

This study employs three main categories of data corresponding to different stages
of the research process: (i) bibliographic and documedtta, (i) expert survey
data, and (iii) secondary quantitative statistical data.

Bibliographic and documentary data are used in Stage 1 (Indicator Identifi-
cation and Screening) to supparsystematic literature review and extraction of
economic sustanbility indicators. Scientific publications were retrieved from the
Web of Science Core Collection and Scopus databases. European Union policy
and strategic documents were obtained from the-EE)Rdatabase, the European
Commission Directorat&eneral forAgriculture and Rural Development (DG
AGRYI) repository, and official communications related to the European Green
Deal and the Common Agricultural Policy. These sources inform the identifica-
tion of indicators of economic performance, investment, energiegnation,
productivity, and marketelevant to agricultural sustainability.

Expert survey data are employed in Stages 2 and 3 (Expert Validation and
Indicator Weighting). Primary data were collected through structured question-
naires administered to experfrom Lithuania, Latvia, and Estonia with profes-
sional backgrounds in agricultural economics, rural development, renewable en-
ergy, and sustainability assessment. Data obtained through the Delphi method are
used to validate indicator relevance and claritigile data collected for the Bést
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Worst Method (BWM) provide pairwise comparisons for deriving expert
formed indicator weights.

Secondary quantitative statistical data are used in Stage 4 (Comparative Eco-
nomic Sustainability Assessment). The princigalrce is EUROSTAT, particu-
larly datasets from the Agricultural Economic Accounts (EAA), Farm Structure
Survey (FSS), statistics on labour productivity in agriculture, investment in fixed
assets, farm income, energy consumption in agriculture, and reeeceradigy
production. Where necessary, complementary data were obtained from the official
statistical offices of Lithuania, Latvia, and Estonia. These datasets supply quanti-
tative information on economic performance, energy use, investment intensity,
and maket conditions required for applying TOPSIS and generating comparative
rankings. The integration dfarmonsed secondary data with regiespecific ex-
pert knowledge ensures that the proposed assessment system is transparent, repro-
ducible, and sensitive tbe structural and institutional realities of the Baltic agri-
cultural sector.

2.4. Indicator Identification and Screening

Choosing indicators ia crucial step in developing a cohererntextsensitive
system for the economic sustainability assessmetiteoBaltic Statesagricul-

tural sector. In light of the extreme diversity and variability in sustainability indi-
cators among institutions and empirical studies, a systematic and transparent iden-
tification procedure was needed that ensures strong contgpiuading, cross
country comparability, and regional relevance. Thus, the indicator selection pro-
cess incorporated a structured tplmase screening logic consistent with estab-
lished systematic review methodology.

In the first phase, a wide range of pdighindicators was identified frora
literature review of peereviewed academic publications, European Union policy
frameworks, and established monitoring systamduding the FAOSTAT data-
base (FAQO), the OECD Agricultural and Environmental Indicatatalthse and
EUROSTAT datasets such as Agricultural Economic Accounts (EAA), Farm
Structure Survey (FSS) and Energy Statistics. SALSA and PRISMA procedures
allowedfor a transparent, replicabjgocessfor identifying determinarg, con-
sistentwith internationallyrecognsed standards. This approachinimised the
risk of selective inclusion and addressed the methodological issues ntihed in
FirstChapter, particularly the lack of cohergmipritisedindicators for economic
sustainability.

In the second phase, this initial indicator set was further refined according to
three main selection criteria tptimise analytical robustness and contextual ap-
plicability.
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Relevance is defined as the degree to which an indicator reflects the generally
prevalent economic relations and structural characteristics of Baltic agriculture,
i.e,, fragmented farm structures, energy dependencyytalmmstraintsor limited
capitalformation

Second, availablearmonsedand comparable data across Lithuania, Latvia
and Estoni@nsuesits suitability for qualitative evaluation using BWM and quan-
titative evaluation using TOPSIS in subsequent calculations (measurability).

Third, nonredundancy means that there mushbeonceptually similar or
highly correlated inaiators when calculating an index, to avoid dotdaanting
and reduce distortion when determining weight.

In the event an indicator did not meet these standards (due to lack of available
data, conceptual overlap, or weak contextual relevaihees exclaed from fur-
ther consideration. The result is a robust, theoretically sound set of economic sus-
tainability indicators that serve as the foundation for expert validation (Delphi
method), weighting (BWM) and comparative benchmarking (TOPSIS).

Through this suctured identification and screening process, the study im-
proves methodological transparency and ensures that the generated assessment
system is driven by analytical rigq regionally appropriate and clearly set out in
terms of delivering insights on tleconomic sustainability of agriculture for the
countries studied (the Baltic States).

2.4.1. SALSA method

The SALSA framework is a structuradidely used approado systematic liter-

ature review in management, economics, and sustainability research. The ap-
proach involves four sequential stages. In the Search phase, relevant literature is
selected using wellefined search keywords and inclusierclusion criteria.
Thesecond phase is the Appraisal, which highlights the scrutiny and quality eval-
uation of studies. In the Synthesis stage, findings of selected studiegamsed,
comparedand integrated so that researchersreangnse recurring themes and
gaps. Finalf, the Analysis stage allows forterpretingthe synthesied evidence
againstthe research goals, resulting in actionable insights and research implica-
tions. SALSA works welin systematic revieg as itminimisesresearcher bias

and offers an auditail from data to final interpretation

2.4.2. PRISMA Method

In addition, the PRISMA paradigprovidesa toolthatsummarsesthe minimum
information required to describe the systematic review process. PRISMA pro-
motes methodological transparency by mandating that researchers record each
stage of study selectiomhich isfrequently depicted in a flow diagrasihowing
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the number of stlies identified, screened, excludahd included for analysis.
This ensuregeplicability and allows future scholars to assess or duplicate your
review process. The value thie PRISMA protocol is particularly high in sustain-
ability research because iteces the danger of selective reporting and increases
confidence in evidence synthesis.

The integration of SALSAG6s systemat
transparency and rigorous reporting ensures nottbalpbustness of the derived
analysis but alsahe quality, reliability, and repeatability othe presentation,
which are criticafor advancing scholarly conversations in agricultural sustaina-
bility. Section 2.5 describes the theoretical foundatiorthemulti-criteria deci-
sionrmaking methods used in subsequent stages (Delphi method \Best
Method and TOPSIS).

2.5. Multi-Criteria Decision-Making Approaches for
Economic Sustainability Assessment

However, evaluating agricultural sustainability requires consideration of multiple,
overlapping economic, environmental and social issiu@sare not amenable to
singlevariable or puely statistical techniques. When indicators can greatly differ
in scale, relevan¢geand measurability, such complex systems need a structured
multi-criteriadecisionmaking (MCDM) approach to evaluate the effectiveness of
interventions. MCDM provides a consistent approachpfasritising economic
sustainability indicators and assessing ciammmtry performangen line with
theoretical requirements and polimyakingneedof this research.

From a theoreticaliewpoint, MCDM is based on mukattribute utility the-
ory and decision science, whitleatcomplex decision problems as functions of
multiple criteria that may confliavith onearother.In sustainability asses®nt,
this theoretical basis underlines tdality to breaksustainability down into meas-
urable dimensions, rank indicatdrgimportanceandaggregat them toyield an
overall measure of performance. Thus, the chosen MCDM techracgtbgoret-
ically justified for mapping multidimensional sustainabilitpnceptsnto practi-
cal, comparable performance measures.

MCDM is adopted in this study to overcome the identified methodological
limitations intheliterature. A prevalent approath sustainability assessments is
theuse ofunweighted or implicitly weighted indicators, which mask the relative
importance of majoeconomic driverssuch asnvestment intensity, income di-
versification, labar productivity, and market access. MCDM addresses this lim-
itation by providing a structured approablt incorporatesxpert judgement into
the weighting process to ensure patbrs strike a proper balance between theor
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and regionatelevane. This is particularly relevant in the Baltic States: strec-
turesand policies of these countries differ and need to be evaluated according to
context, as compared to those of Westarroge.

The MCDM alsoaddresseslataheterogeneity. The rudimentary statistical
comparisons are cumbersome for direct comparison of Baltic agricultural systems
with varying energy dependencies, productiviteesl markets. By leveraging nat-
ural languaggawvoiding the pitfalls of parametric assumptions, and combining ex-
pert input with empirical data, MCDM generates analytically sound rankimdjs
performance scores that are interpretable for policymakers. Thus, this dual struc-
ture enables the assimilationadnceptual information alongside qualitative and
guantitative datgdn line with the pragmatic epistemologjyatunderpirs the dis-
sertation.

This study proposea methodological frameworgombiningthree comple-
mentary MCDM methods. The tests for indicator relevance use the Delphi
method,which facilitatesexpert consensus amshsuesthat the resulting set of
economic sustainability indicators captures both the structural and institutional
realitiesof Baltic agriculture. The BW methogrovidesa procedure with high
transparency and mathematical consistency to determine indicator weigtts,
mising subjective bias and increasing reliability. The final step involves the TOP-
SIS methodology, which presses the weights of each indicator and derives com-
parative performanceankings forLithuania, Latvia, and Estonias well as
evidencebased benchmarkirtg definepriority actiondomains.

A sequential and complementary procedure integrates both dgsed and
guantitative information. Indicator weights will be produced based on expert judg-
mentsusingthe BestWorst Method, while indicator relevance and regional con-
text will be evaluated through elaborating expi@rtgut gatheredsingthe Delphi
methal. These weights are then aggregated sta@indardied quantitative indica-
tor values based on EUROSTAT and national statistical squstesh are then
entered into the TOPSIS model. this way, specialist knowledge leads to
weighted measures of importafor the indicators themselves, while quantitative
figures drive performance levedgrosscounties ensuring a clearing-fenced
division between meaningful roles and a consistent integration of qualitative and
guantitative evidence.

Overall, the comlnied effort of these multipleriteria decisioamaking
(MCDM) approaches supportsperationaling constructs related to economic
sustainability whilst alsaddressingome challenggsosedby existing indicator
systems to produce interpretabsults that could inform decisions at national
and EU leve. This integration guarantees that #enomic sustainability eval-
uationof theBaltic agricultural sector is systematic, transparent, repeataide
rooted in expert knowledge and empiricalada
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2.6. Expert Panel Selection and Characteristics

For the empirical parts of this dissertatitre Delphi assessment, the B&gbrst
Method (BWM) weighting, and the TOPSHased comparative analysis insights
from subjectmatter experts with firdhandexperience in agricultural sustainabil-

ity in the Baltic area were crucial. The experts constituted an authoritative panel
representing sufficient disciplinary breadth and regional familiarity to assess the
relevance angbrioritisation of sustainability inccators using a purposive sam-
pling strategy.

Experts were chosen according to the following:

1. A minimum of ten years of professional experienci agricultural eco-
nomics, sustainability assessment, rural development, energy manage-
ment, or related fields.

2. Demonstrated engagement with Baltic agricultural systemseither
through academic research, policy implementation, advisory activities, or
institutional roles in Lithuania, Latvia, or Estonia.

3. Familiarity with EU policy frameworks , including the Common Agri-
cultural Policy (CAP), agrenvironmental indicators, renewaldaergy
integration, and EU sustainability reporting requirements.

4. Willingness to participate in multiple evaluation rounds including
Delphi consensubuilding and pairwise comparisons for BWM.
These criteria ensured that the panel would provide substantive domain
knowledge and practical insight into regional agricultural realities.
The last panel was a mix of experts from all three Baltic States, academic
bodies(like UNICEF), government institions and applied researabrgansa-
tions Their varied professional backgrounds added to a balanced perspective on
agricultural performance, sustainability constraints and policy priorities in the re-
gion.
T Lithuania: agricultural economists, sustainalyiliimeasurement re-
searchers, and national policy advisors.

I Latvia: rural development specialists, agricultural policy analysts, and
university faculty.

I Estonia: experts in agricultural systems, environmental economics, and

CAP policy implementation.

A total of 20 experts were involved in the Delphi validation and BWM
weighting stages, forming part of the judgments for indicator selection and weight
derivation. Net, the topological ranking method (TOPSIS) was used to compare
them using 25 expert validated indicators and stamdardsed statistical data.
These sample sizes are in line with established methodological guidelinesfor
sensusoriented and mukcriteria decisiormaking studies.
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At three critical points in the methodology, we consulted with experts:

i Delphi Method: validating the relevance, clarity, and contextual suita-
bility of the preliminary indicator set.

BWM Weighting: identifying the most and least important indicators
and providing pairwise comparisons to derive weights.

I Interpretation of TOPSIS Outputs: while not directly involved in com-
putation, expertlerived weights informed the empirical ranking of Lith-
uania, Latvia, and Estonia.

Their insights ensured that the final set of indicators was both theoretically
grounded and reflective of practical realitiasHaltic agriculture, such as small
farm structures, dependence on energy sources, capital constraints, and differ-
ences in institutional contexts across countries.

They were voluntary, and all expert responses @romymsedto limit bias
and allow for fee expression of opinion. Experts were briefed on the study objec-
tives, process and protocols for confidentiality. The research process was sup-
ported by ethical approval from the Lithuanian Centre for Social Sciences, fol-
lowing institutional procedurefegionstailored SDGavere developethrough
expert elicitationlndicatorsivere dentifiedand scoedfor anin-depthassessment
of the sustainability statuef the ecosystem servic&xpertlevel focus on stake-
holder engagememtas apart of practical experimentation. The involvement of a
formalisedexpert panel enhances the methodology of the study and is in keeping
with recent approaches to sustainability assessiemhich weighings are often
informed by experts when data may be limitedontextspecific settings.

2.6.1. Delphi Method

The Delphi Method is aorgansed, iterative forecasting and decisiomaking
processin whicha group of specialists anonymously prowtieeir thoughts and
understandingf a given problem. Usually, there are several rounds of surveys or
guestionnairesin each round, a facilitat@ummarsesthe answers anghares
themwith the experts.Expert anonymity promotea candid and objective dia-
logueaimedat reacling consensus and convergence of viewpoints on the subject
at hand. This approach is frequently used to gather data to predict future trends or
resultsacross variou§elds, including business, healthcare, agskarch.

Usually, the Delphi Method entails the following crucial steps:

The process of selecting experts involves identifyindividuals with
knowledge and experiencelevantto the problem or topic under discussion.
These specialists may be academjmsictitioners, or professionals with real
world expertise, and they may hadiferentbackgrounds.
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Developing the Questionnaire: The facilitator creates a series ofevea
guestiononthe topic. The specialists are supposed to respond to these questions
with consideration and knowledge.

Expert Responses: The experts answer the questiommgiviglually, offer-
ing their ideas and insights. Anonymous responsesadiectedto promote opn
and objective feedback.

Comments are Collected: The facilitator gathers aamshymsesthe expert
comments before sending out the condensed feedback to each participant.

Iterative Process: experts evaluategtmups replies from Round 1 and have
the dance to modify their assessments or opinions in light of peer feedback. This
processcontinuesfor multiple iterations until a convergence or consensus is
achieved

The role of the facilitator is to oversee the entire procassuringthat all
communicabn is anonymoussummarsing responses in between rounds, and
providingparticipantswith feedback. The facilitator may also assist in identifying
areas of disagreement and steer the experts tewandensus.

Consensus or Conclusion: The Delphi Methodsemhen sufficient agree-
ment among the experis reachedr when itbecomeslear thatfurther rounds
would notyield a substantial change in viewpoints. The final findings are fre-
guentlypresented in aondensedeport or a list of suggestions.

2.6.2. Besti Worst Method

The process is referred to as tBesi Worst Method whereby options are
weighed in terms of their nsb favourable value vs their least favourable value
with a view toward settling on the option that will yield the greatest overall good.
Doing so requires a careful evaluation of many factors, such as cost, benefits,
risks and longterm outcomes. Thabest wors approach attempts to balance
many different competing priorities and aims, and its process is one of picking the
action thatseems to provida maximumall-round value or return on investment.
This approach is ofteemployed to ensure that decisions align witiansational
goals and yield maximum value across complex decision contexts, such as project
selection, procurement, or resource allocati@ezaei, 2015)The steps of the
original BWM can be described briefly as follows:

Step 1: Establish a set of decisioraking criteria (the decision maker does
this): (c1,c2,...,cnjRezaei, 2015)

Step 2: Ranking theriteria by importance, choose the best (B) and the worst
(W).

Step 3: Use a number between 1 and 9 to indicate how much the best criterion
is preferred to the other criteria. The besbthers (BO) vector is then shown as
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AB = (as1, &2, &3,..., &n), Where @, represents the preference of criterigroler
criterion Cn.

Step 4: Using a number between 1 and 9, calculateceitetionts preference
to the worst criterion. The othets-worst (OW) vector is then shown as AW =
(aaw 2w ,a8w ,...,aw)", Where @ denotes criterion & preference over criterion
cw (Rezaei, 2015)

Step 5: The objective of this step is to determine the weights of criteria by

minimising the maximum absolute differences- & and — & for all
j - To solve this problem, a nimax Model (1) is forme@Rezaei, 2015)
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ation(Rezaei, 2015)
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The value of the ideal weight is discovered by solving Model (2) for each
criterion. The criteria would bprioritised based on the weights that were ob-
tained. Priority would be given to the criterion with the highest weight. The con-
sistency ratio in thimethod ranges from 0 to 1, as determined by Z8). Higher
consistency is indicated by a value nearer (Béraei, 2015)

Consistency Ratio =— (2.3)
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where Tabl&.1is used to calculate the consistency index in relation to the number
of criteria. Given the benefits, the BWM has receivedarard more attention in
recent years.

Table 2.1 Consistency index (CI) table

The maximal pref- | 1 2 3 4 5 6 7 8 9
erence degree of
the best over the
worst

Consistency Index | 0.00 | 0.44 | 1.00 | 1.63 | 2.30 | 3.00 | 3.73 | 4.47 | 5.23

The objectivity of the proposed muttriteria benchmarking model is ensured
through the use aftandardiedand measurable indicators, publicly available sta-
tistical data, and mathematically defined weighting and aggregation procedures.
Indicator weightsare derived using the Bé&®Vorst Method, whichminimises
subjective bias through structured pairwise comparisons and consistency ratio
checks. Consequently, expert judgments are transformed into quantitative weights
using amoptimisationmodel rather thaanarbitrary assignment.

2.6.3. TOPSIS Ranking

A questionnaire survey was conductgth 25 senior researchers who work in the
fields of sustainable agriculture, environmental science, and policies, mainly from
Lithuania. Researchers were requested tothigémportance of 21 potential sus-
tainability indicatorsconsisting of six categoriesn a scale where each item was
compared with all the other itemgloreover, in the course of the present study,
the TOPSIS technique was used to rank alternativesveeta the ideal and neg-
ative-ideal solutions based on weighted sustainability indicatdteough TOP-

SIS is conventionally applied to alternatives (e.g., countries or projects), it is also
used in ranking criteria when expert scoring is apglitajiaghaeiKeshtelietal.,

2023)

TOPSISis based on expert evaluations of indicators used with the Euclidean
distance of each indicator from the ideal solution techegativeideal solution.
Thereby, the indicators were ordered in terms of their closeness to the ideal solu-
tion to establish an ingstant criterion hierarchy.

Step 1: Construct the Decision Matrix

The first step is to construct the decision matrixy , where each element

@ represents the performance of alternativender criteriord .
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2 9 8 @
8 @ . & &8é& &, (2.4)
@ 9 8 @

wherei =1,2,...,m (representing the number of alternatijjes),2,...,n (represent-
ing the number of criteria)

Step 2:Normalisethe Decision Matrix

Normalise the decision matrix using the following formu(&lajiaghaei
Keshtelietal., 2023)

i 07 B o, (2.5)

wherei is thenormalsedvalue for alternativéunder criterion j.

Step 3: Construct the WeightedNormalised Decision Matrix
Multiply each element of theormalsed decision matrix by the correspond-
ing criteria weigh{HajiaghaeiKeshtelietal., 2023)

0 ®zi N'Q pkfB AOQ pkf wh (2.6)
U represents the weightedrmalsedvalue for alternative iinder criterion j.

w is the weight assigned to criterion j, derived from expert evaluations and ag-
gregated using the geometric mean method.
i represents theormalseddecision value for alternative iii under criterion j.
Wherev is the weightednormalsedvalue for alternativé® under criteriord .

Step 4: Determine the Positive Ideal and Negative Ideal Solutions

The positive ideal solutiod and the negative ideal solution are defined
as(HajiaghaeiKeshtelietal., 2023)

3
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where J benefit is the set of benefit criteria and J cost is the set of cost criteria.
Step 5: Calculate the Separabn Measures
Calculate the separation of each alternative from the positive ideal solution
"Y and the negative ideal solutio¥i using the Euclidean distan@dajiaghaei
Keshtelietal., 2023)
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Y B 0 0 (2.9)

Y B 0 0 . (2.10)

Step 6: Calculate the Relative Closeness to the Ideal Solution
Calculate the relative closeness of each alternative to the ideal solution
(HajiaghaeiKeshtelietal., 2023)

&4

(0} Z

whered’is the relative closeness of alternativeo the ideal solution.

Step 7: Rank the Alternatives

Finally, rank the alternatives based on tl@éivalues. The higher th#’, the
closer the alternative is to the ideal solution, and thus the better the alternative.

The transparency of the TOPS&sed evaluation in this study is ensured
through theexplicit reporting of each computational step, including construction
of the decision matrixjormalsation application of expertlerived weights, iden-
tification of positive and negative ideal solutions, calculation of separation
measures, and derivatiofrelative closeness coefficiendhe full formulas, var-
iable definitions, and parameters are detailed to allow independent reproduction
at every step of the analysis. Moreover, since the model is deterministic and based
on public statistical data in otbination with fixed expertierived weights, it al-
lows identical inputs to always produce identical outpwtich warrants repro-
ducible sustainability assessments.

More specifically, the methodological framework combines systematic liter-
ature review, expéevalidation, structured weighting and quantitative benchmark-
ing into a holistic assessment system @ehtn farm sector economic sustaina-
bility. Through the sequential combination of SALBRISMA-based indicator
identification, Delphi validation, Best#Vorst weighting and TOPSIBased com-
parative evaluation, the study provides methodological transparency while ensur-
ing adherence to regiespecific synergies and diynergies alongside analytical
rigour. This integrated approach both supports the stateofieaesearch aim and
provides a solid foundation for the empirical analysis undertakeheirrhird
Chapter.

2.7. Conclusions of the Second Chapter

1. The dissertatioh snethodological framework is positioned as an inte-
grated approach based on systematic literature review protocols (SALSA
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and PRISMA) for knowledge generatidhe aim ofexpert elicitation to
define the context for research questions (Delphi method), atideri-
teriadecisionmaking (MCDM) techniques to guarantee theoretical rig-
our coupled with a pragmatic advantage.

2. Using SALSA and PRISMAprovidesa transparenteproducible basis
for recognsing, re-evaluatirg, andgrougng sustainability indicatorse-
lated tothe agribusiness sector.

3. The Delphi method allowfor theverification and improvement of indi-
cators through expert consengihereby enhancintheir relevance to the
contextof Baltic agricultural systems.

4. BWM wasappliedto ensure the derived indicator weights are consistent
and reliabletherebyenhaning the objectivity and interpretability ahe
assessment framework.

5. Using the TOPSIS methodountriescan be comparesghd rankdunam-
biguousy based ortheir economic sustaability performancemeasured
by distance to the ideal solution.

6. The experbased judgments are combined wstandardsed statistical
data (from EUROSTAT and national sources) to ensure both empirical
robustness and policy relevance of assessment results

7. This methodological framework provides a transparent and reproducible
assessment as all analytic steps, from the selection of indicators to their
normalgation, weighting, and ranking procedurese explicitly defined.

8. The developed approach providesanerent and operational basis for
assessing the economic sustainability of the agricultural sector, which is
applied in the next chapter to tbaseof theBaltic States.






Economic Sustainability Assessment
Results of the Agricultural Sector

This chapter presents empirieesessmemesultsonthe economic sustainability

of the agricultural sector. Although environmental and social indicators are re-
ported and discussed, they are interpreted as contextual and constraining factors
influencing €onomic performance rather than as independent objects of assess-
ment. This chapter is based on and further develops the results presented in the
following publicationsfi Sust ai nabi l ity Assessment
ing the BestWorst Method: Cas€t udy of Edreimikisetal.2202d)t e s 0
andi Assessing Sustainable Agricul ture |
Criteria Decision Making (MCDM) and E
Vi e,(Bathaei & Streimikiene, 2025ublished in journals indexed in the Cla-

rivate AnalyticsWeb of Science Core Collection.

47
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3.1. Economic Sustainability Assessment of the
Agricultural Sector Using the Besti Worst Method:
Case Study of the Baltic States

3.1.1. Economic Indicator Prioritisation Results

The economic sustainability of the agricultural sector constitutes a central pillar
of overall sustainability, as it directly influences food sgstability, rural em-
ployment, and national competitivenéBandeyetal., 2025) Persistent structural
economigroblemssuch as market volatility, heterogeneous farm structures, lim-
ited investment capacityandrising production factoprices continue toburden
agricultural systems in the European Union (EU), especially in its eastern member
states. This pressure is largely noticeable in the Baltic Stdatesania, Latvia,

and Estoniaandmay constitutea barrier to fulfilling goals set in the European
Green Deal anthe Common Agricultural Policy (CAP(Salvanetal., 2022)

Economically, agricultural sustainability cannot be measswoélyby short
term profitability. It includes resouragse efficiency, income stability, adaptive
capacity and preparedness for extestencks. Despite this importance, the eco-
nomic dimension has been less thoroughly exploredttieenvironmental and,
to a lesser extenthe social dimensions. Several earlier studies rely on limited
indicator sets or basic descriptive statistics tolarpthe complex interactions
between economic driver€onsequently, there is a methodological gap in iden-
tifying, structuring, and prioritising the key economic indicators that determine
agricultural sustainability ahe regional level. Table 3.summaises the initial
pool of economic indicators compiled from the literature.

To address this gap, the present study applies thd \Besit Method
(BWM), an advanced muttiriteria decisiormaking (MCDM) technique, to iden-
tify and rank the most important eanic indicators of agricultural sustainability
in the Baltic States. BWM was selected because it improves on traditional pair-
wise comparison methodsuch as the Analytic Hierarchy Process (AHR)re-
ducing cognitive load for experts, enhancing interoalsistency, and generating
more robust weight estimates.

The empirical design consists of two main phases. In the first phase, a Delphi
survey was conducted with 20 expegpresenting academia, public institutions,
and the agricultural sectof Lithuania, Latvia, and Estonia. Using a tnaund
Delphi procedu, the experts evaluated an initial set of 31 economic indicators
derived from the literature and policy documeihtslicators were ratefbr their
relevance to the economic sustainability of the agricultural seatarfive-point
Likert scale. Followingzach round, mean relevance scores and levels of agree-
ment were calculated. Indicators were retained only if they achieved a mean score
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of at least 4.0 and agreemenitat leastZ0%amongthe participating experttls-
ing this predefined consensus rule and iterative feedback, the initial list was re-
fined to nine indicatotsall considered theoretically sound and regionally relevant.

In the second phase, the validated indicators were weighted using BWM. Ex-
perts identifiedt e Abest d (most i mportant) and
tors and provided pairwise preference scores. These preferences were then trans-
formed into an optimisation model to derive a set of weights with maximum
consistency.

Thus, he combined DelphBWM approach produces a structured, empiri-
cally grounded decisieaupport framework. It links the conceptual understanding
of economic sustainability with the specific structural characteristics of Baltic ag-
riculture providinga rigorous basis for subseauiecrosscountry comparisa

and policy analysis.

Table 3.1. Sustainability assessment of the agriculture indicators

Indicators Definition References
Accessibility | The simplicity with which farmerg (Rondhietal., 2018; Teyetal,,
can access vital tools, markets, | 2012)
and services for theirggicultural
endeavours
Agricultural All of the activities and proce- (Lebacgetal., 2013)
activities dures involved in farming, such 3
the planting, growing, and har-
vesting of crops, as wedls the
control of livestock.
Agricultural The ratio of agricultural output to| (Zhangetal., 2022; Zhang,
labour labourinput, which reflects the ef| Yao, Vishwakarma, Dalin, Ko
productivity fectiveness of th&abourforce. marek, Kanter, Davis, Pfeifer,
Zhao, Zouetal., 2021)
Agricultural Policies, subsidies, and pro- (zhang, Yao, Vishwakarma,
support granmes of the governmenin- Dalin, Komarek, Kanter, Da-
tended to help farmers by offerin| vis, Pfeifer, Zhao, Zowetal.,
financial incentives, technical 2021)
support, or market support.
Animal The effective and sustainable (Chadwtk etal., 2015; Lebacq
feeding methods for feeding and caring | etal., 2013)
for livestock to maxinse output.
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Continued Table 3.1

Indicators Definition References

Capital The effectiveness with whichag{ ( Czy Uews ki &

productivity ricultural operations can generat( 2016; DosSantos & Diz,
returns from capital investments| 2019; Kheyfets & hernova,
such asnachinery and equipmen| 2019)

Cost The total cost of producing agri- | (Raliyaetal., 2017; Teyetal.,
cultural goods, includinéabour, 2012)
overhead, and inputs.

Credit The availability of loans and othg (Zhang, Yao, Vishwakarma,

availability forms of funding to farmers for | Dalin, Komarek, Kanter, Da-

the purchase of agricultural input
and activities.

vis, Pfeifer, Zhao, Zoetal.,
2021)

Diversification
of activities

Utilising a range of agricultural
methods and techniques to lowe
risk and improve economic stabi

ity.

(Biczkowskietal., 2021; Yo-
shidaetal., 2019)

Diversification

Generating income from a variet

(Bojnec & Knific, 2021;

of income of sources, including neagricul- | Kassie, 2018)
tural pursuits, to lessen income
volatility and improvethe stand-
ard of living.
Efficiency The efficient use of resources, | (Lebacgetal., 2013; Raliya
such as capitalabour, and land, | etal.,, 2017; Zulfiqaretal.,
to increase output while reducing 2019)
input use.
External The accessibility of financial re- | (Lebacgetal., 2013)
financing sources and investments from ol
side the farm, including grants,
loans, and equity investments.
External in- Income derived from neagricul- | (Lebacgetal., 2013; Wale &
come tural pursuits like employment | Chipfupa, 2021)
away from the farm or neagri-
cultural businesendeavours
External Resources used in farming operg (Altieri etal., 2017; Lebacq
inputs tions, such as seeds, pesticides,| etal., 2013; Singletal., 2019;
and fertilisers. Tello etal., 2016)
Farnts The farnds financial viability is (Lebacgetal., 2013; Piedra
profitability determined by the financial re- | Mu { etal, 2016)

turns from agricultural produc-
tion, taking both revenues and

costs into account.




3. ECONOMIC SUSTAINABILITY ASSESSMENT RESULTS OF THE...

51

Continued Table 3.1

Indicators

Definition

References

Farmefs risks

The degree of risk and uncertain
that farmers must deal with, in-
cluding price volatility, market
risk, and climate risk.

(Zhang, Yao, Vishwakarma,
Dalin, Komarek, Kanter, Da-
vis, Pfeifer, Zhao, & Zou,
2021; Zhang, Yao, Vish-
wakarma, DalinKomarek,
Kanter, Davis, Pfeifer, Zhao,
Zouetal., 2021)

Food loss The volume of agricultural prod- | (Manikasetal., 2022; Shafiee
ucts that are mishandleahjs- Jood & Cai, 2016; Wunderlich
sorted or spoiled after harvest. | & Martinez, 2018; Zhang,

Yao, Vishwakarma, Dalin, Ko
marek, Kanter, Davis, Pfeifer,
Zhao, Zouetal., 2021)

Income The money made from agricul- | (Lebacgetal., 2013; Teyetal.,
tural and noregricultural activi- | 2012)
ties, suppoihg farmer$overall
way of life.

Investment The portion of income or re- (Jayneetal., 2019; NinPratt,

intensity sources invested in agricultural | 2021)
technologies and improvements.

Labour The output produced per unit of | (Constantiretal., 2021; Dor-

productivity labourin agriculture used to de- | ward, 2013; Kheyfets & Cher-
termine the efficiency dibour nova, 2019)
input.

Land The output produced per unit of | (Coomesetal., 2019; Trukha-

productivity land areaused to gauge how ef- | chevetal., 2014)
fectively land is used in agricul-
ture.

Liquidity The ability of agricultural opera- | (Zeweldetal., 2017; Zorn

tions to meet shotterm financial
obligations with cash on hand or
easily convertible assets.

etal., 2018)

Market access

The capacity of farmers to a&ss
and engage with markets for the
sale of their agricultural goods.

(Kopper & Jayne, 2019;
Opolotetal., 2018; Zhang,
Yao, Vishwakarma, Dalin, Ko
marek, Kanter, Davis, Pfeifer,
Zhao, Zouetal., 2021)
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End of Table 3.1

Indicators

Definition

References

Marketability

How simple it is to sell agricul-

(Lebacgetal., 2013; Teyetal.,

ture activities

but are not farmingsuch asusi-
nesses or jobs that are not relate
to agriculture.

tural goods in national, interna- | 2012)

tional, or local markets.
Mineral Agriculture uses synthetic fersli | (Lebacgetal, 2013 -
fertilisers ers to improve soil fertility and | Al ¢ § rttala20%6)

crop yields.
Non-agricul- | Activities that generate imene (Lebacgetal., 2013)

Price

The price at which agricultural
goods are bought and sold on th
market affectinghow much
money farmers make from their
harvest.

(MateosRonco & Server

|l zqui er do,

20

etal., 2020; Teyetal,, 2012)

Production

The volume of agricultural outpu
produced by farming activities,
such as crop yields or livestock
products.

(Lebacgetal., 2013)

Profitability

The financial gains from agricul-
tural activities after deducting
costs and revenues.

(Jatetal., 2020)

Subsidies

Governments or orgasdtions
may offer farmers financial incen
tives or assistance to promote pg
ticular agricultural practices or
goods.

(Lebacgetal., 2013; Scown
etal., 2020; Veisietal., 2016)

Working
capital level

The availability of shorterm re-
sources and liquid assets to pay
for agricultural operations.

(Lebacgetal., 2013)

3.1.2. Key Finding of Economic Indicators

The Delphi BWM analysis yields a cleamternally consistent priorgation of

nine economic indicators representing the eaain sustainability of the agricul-
tural sector in the Baltic Statess show in Table 32. The resulting weights in-
dicate a pronounced concentration of importance in four core indicators: invest-
ment intensity, income diversification, agricultural labouoductivity, and
market access
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The result indicates that Investment intensity is assigned the largest weight
of 0.29656 when examined as a single variable, implying that experts view cor-
porate capital formation as the foremost contribut@ustainable economiels
is believed that ongoing investments in machinery, infrastructure, and technolog-
ical innovation are indispensable to increasing productivity, lowering costs and
ensuring longerm competitiveness. Simultaneously, experts highdiglsignifi-
cant differences in investment capacity across and within countries in the Baltic
region, especially for small and meditgized farms with limited credit access
and support schemes.

Income diversification ishe second weight (0.124555). Expestid diver-
sifying how farmers make money by seekingfaffim work, doing valueadded
processing, running agritourism businesses or producing renewable energy can
help diffuse vulnerability to price fluctuations, climatic shocks and changes in
policy. For his reason, in the Baltic context, where farms are exposed to external
markets and climatic variability, diversified income stredrase been regarded
as a mechanism crucial for the stabil

Income diversification comes first, followed lagricultural labar produc-
tivity (0.099644) and efficiency (0.083037). These indicators reflect the capacity
of farms to produce output with limited lalvanput, which is particularly relevant
for the BalticState§context of demographic decay and ruralogration. An-
alysts stressed that training, digigation and mechasation are fundamental for
raising labarr productivity and sustaining competitiveness in an environment of
scarcity of manpower.

Market access is equally important (0.099644) as a driver of productivity
changes, suggesting the role of embedding producers into national and interna-
tional value chains. The expectation is that better logistics, lower transaction costs,
and strengthening tradinkages are the necessary conditions for achieving econ-
omies of scale and raising incomesrafarm level. Weak market access, in turn,
reinforces structural disadvantagparticularly for small farms and remote rural
areas.

Income, profitability andvorking capital level (each 0.083037) and subsidies
(0.04745) rank slightly lower but are still indispensable pieces of the economic
sustainability profile. These indicators are factors in their own right, or siadpili
conditions depending on the mofandamental drivers abov/orking capitals
requiredto finance inputs and investments, while profitability and income levels
are manifestations of the cumulative results of investment, productivity, and mar-
ket integration. While importansubsidiesshauld be enablingThus, it is im-
portant toremove distortive subsidies and support innovation and adaptation in-
stead of creating structural inefficiencies

While the BWM weights are generic for the Baltic region, the qualitative
reflections of experts higigiht country profiles. Lithuania is mostly rated average
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in investment intensity, productivity and profitabilignd isregarded as more de-
velopedin terms ofmoderngation and institutional support. Estonia is among the
best in terms of access and dibitaaturity. Its largescale impacts are hampered
by land area. Latvia has relatively weak performance in higher weight indjcators
including investment intensity and efficiency, indicating that targeted support for
farm moderngation and access to finanecgybe warranted.

Overall, the results state thheeconomic sustainability of Baltic agriculture
is not dependent oa single factoy but rathera composite of indicators which
mutually support ohindereach other. The key set of levers to enhance resilience
and competitiveness under the European Green Deahar@AP provided by
investment conditions, income diversification, productivity and market integra-
tion.

Methodologically, the study showcasesoanbination of Delphi and BWM
as a contextually valuable and portable analytic tool for structuring expert
knowledge, particularly in datsparseor structurally specific contexts. It offers
transparent, reproducible weights ready to be included in wideisability as-
sessment frameworks, such asT@PSISbased comparative analysis carried out
in this dissertation.

In conclusion, this research operatiosadi the economic dimension of agri-
cultural sustainability in the Baltic States by transforming eptital knowledge
into a hierarcted indicator systenin some regional settingbese findings pro-
vide clear guidance for policymakers that strategies to facilitate timely invest-
ments, income diversification, productivignhancing technologiesnd bettr
access to markets yield the biggest benefits with regard to imprthérigng-
term economic viability of agriculture and resilience of the sector.

Table 3.2. Final weights and ranking of indicators

Rank | Indicators Weights

1 Investment intensity 0.296%

2 Diversification of income 0.124555
3 Agricultural labour productivity 0.099644
4 Market access 0.099644
5 Efficiency 0.083037
6 Income 0.083037
7 Profitability 0.083037
8 Working capital level 0.083037
9 Subsidies 0.04745
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Results of the BesWorst Method showed how thaevelopedconceptual
indicator framework was translated intgoadoritised structure based on expert
judgment representingpe relative importance of economic sustainability drivers
in theBaltic agricultural context. Thigrioritisationis an essential methodological
move, since it reflects qualitative relevance into quantitative weights. These
weights are then used in the congiae analysis provided in the next subsection,
where empirical data and expelerived priorities are integrated to evaluate sus-
tainability performance countiyise.

3.2. Comparative Economic Sustainability
Assessment of the Baltic States (TOPSIS Results)

3.2.1. Comparative Sustainability Assessment Results

This studyutilisesa complete and traceable application of TORBi&ducing the
intermediate and final results, sucmasmalseddecision matrices, weightewbr-
malisedmatrices, distances to pos#iand negative ideal solutions, relative close-
ness coefficient for each countstc. These writeups follow a pattern of reporting
in table form, allowing for the verification of each step in the computation. The
rankings are directly comparable and repimble, as the same dataset and BWM
derived indicator weights are used to
Postimagesustainableagriculture is at the core of the Européarionés so-
cio-economic and environmental policy agenda, notably under the banner of the
European Green Deal arble reformed Common Agricultural PolicgAddai
etal.,, 2024) However, determiningustainability at a regional level is difficult as
there are many existing assessments that consider either economic, environmen-
tal, or social metrics in isolation rather than examining the interdependencies be-
tween them. Such differences are particuleglgvant in the context adlfie Baltic
States Estonia, Latviaand Lithuaniawhere agricultural structures retained as-
pects of postransition features, subsisteragented farm structure, higher het-
erogeneity on capital investments and environmentedsuresSalvanetal.,
2022) To tackle these challengegs,MCDM techniquenvasapplied based on the
optimality principle of selecting alternatives whose positdeal solution (the
best in all aspects) and negatideal solution are nearest. The assessment inte-
grates JROSTAT quantitative indicators with weights based on expert opinion,
which balances methodological robustness and contextual relevance. An initial
sustainability indicator sewas selectedIt was structured along the economic,
environmentaland social anensions of sustainabilitgrawn from international
frameworks and validated by regional experts.
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Sustainable agriculture plays a piyv
economic and environmental agenda with respect to both of these policies, espe-
cially when considering the mainstreaming of sustainability principles under the
European Green Deal and the reformed QA#daietal., 2024) But evaluating
sustainability at a regionakale is difficult because most available assessments
focus on independent environmental, econgmicsocial indicators rather than
their interdependence. A particularly relevant variant is in the Baltic SExts
nia, Latvig and Lithuaniawhere agrialture is defined by podtansitional con-
ditions of fragmented farm size, uneven investment capaaity entrenched en-
vironmental pressurgalvanetal., 2022)

This study fills these gaps by developing an integrated sustainability assess-
ment using a MCDM approach basesh TOPSIS. The assessment blends statis-
tical EUROSTAT measures with equally qualitative expert scaling to provide both
methodological robustness and contextual specificity. A methodology was de-
vised to select a set of 21 sustainability indicators addigg$ise environmental,
economic and social dimensions consistent with international framewdrich
were validated by regional experts.

The developed framework is therefore a replicable analytical tool for regions
to use in monitoring progred¢swards some of the strategic objectives and for
assessing policy impacts against EU sustainability targets. Replicability is guar-
anteed by the explicit specification of indicator definitions, data sources, normal-
isation procedures and weighting methodgloas well as aggregation rules that
are described in detail in the study. The full list of indicators used in the assess-
ment is shown in Table 3.3.

Table 33. Sustainabilityindicators for agricultural assessménthe Baltic States

Code | Indicators Subrindicators

Food insecurity experience scale (FIES)

Al Food security . X
Average caloric intake per capita

Net farm income

A2 Profitability - - -
Profit margin per crop/livestock type

i Waterefficiency and regional disparities in irriga-
Share ofirrigable and | {jg

irrigated areas

A3

Percentage of sustainable irrigation methods use

Farm output value per hectare

A4 Land productivity :
Yield per crop type

Ammoniaemissions . . .
A5 ; Emissions per livestock unit
from agriculture
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Continued Table 3.3

Code | Indicators Subindicators
Emissions from different types of fersdirs
Variation in water availability
A6 Water use —
Water use efficiency per crop
A7 Share oimain land Trends in land use change
types Cropland vgrassland use
o i Use of agrobiodiversity supportive practices
A8 Biodiversity X X )
Percentage of land supporting pollinator species
Wage rate in agriculture
A9 Decent employment -
Percentage of workers with formal contracts
Prevalence of soil degradation
AL0 Soil health (includes | Estimated soil loss by water erosion
soil loss & erosiof | Share of land affected by severe erosion
Soil organic carbon content
Secure tenure rights to land
All | Landtenure Percentage of land under dispute resolution med
nisms
- Risk mitigation mechanisms
Al2 Resilience :
Farm insurance coverage
A q ) Percentage of agricultural land under organic far
A13 rea underrganic ing
farming ) . .
Organic crop yield comparison
. Energy consumption per hectare
Al4 Final energy con- 9y P P - -
sumption S_hare of renewable energy in agricultural opera-
tions
Sales of pesticides
Al5 Pesticide risk Management of pesticides
Pesticide residue levels in crops
alg | Fertiliserpollution Management ofertilisers
risk Fertiliser use efficiency
. _ Animal stocking density per hectare
A17 Livestockdensity in- g P

dex

Environmental impact of stocking density (e.g., n
thane emissionandsoil degradation)
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End of Table 3.3

Code | Indicators Subindicators

Crop yield per unit of energy consumed

Al18 Energyproductivity . :
Renewable energy use in agriculture

Greenhousegas CO; equivalent emissions per hectare
Al9 emissions from agri- . . . .
culture GHG reduction from sustainable farmiptactices

Ammoniaemissions | Share of agriculture in total emissions

A20 |} > — :
% of total emissios | Ammonia emissions by region

A2l Share ofmain live- Distribution and diversity of livestock types
stock types Share of pasture raised vs industligstock

3.2.2. Key Findings (Economic Sustainability Focus)

Although the assessment framework initially incorporates economic, environmen-
tal, and social indicators to preserve the multidimensional structure of sustainabil-
ity, theinterpretation of results in this subsection focuses exclusively on the eco-
nomic sustainability dimension, in line with the object and aim of the dissertation.

Table 3.4 shows the final ranking for the TOPSIS results. Thegelittate
that land produdtity (A4) is the most influential economic indicator shaping the
sustainability of the agricultural sector in the Baltic States. High productivity re-
flects the combined effects of technological adoption, farm management quality,
and access to modern inpuénd directly determines the capacity of farms to gen-
erate value added and remain competitive in domestic and export markets. Coun-
tries with stronger productivity performance are therefore better positioned to ab-
sorb cost shocks and to invest in furthreydernsation

Next on the economic indicators listresiliencgA12), as evidenced by risk
mitigation mechanisms and insurance coverage at farms. This suggests that insti-
tutional and financial instruments play an essential role in enablingéomgfam
viability. In an era of heightened climate variability and market volatility, resili-
encepromoting mechanisms stalsédiincome variability and promote investment
by reducing perceived risk.

Based on the resudinergyproductivity (A18) is asignificant component of eco-
nomically sustainable growthnd theshareof irrigableandirrigatedareagA3) plays
an important role in economic sustainability. High energy productivity decreases the
average cost of producing a unit and increases produmtist efficiency (meaning
that, for every resource expended, you get more produce in return) while proper irri-
gation infrastructure helps ensure stability and reliability. As such, these indicators
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highlight the increasing importance of resotuise effciency and availability of in-
frastructure in determining fadavel economic performance.

Table 3.4. Final ranking of 21 indicators

risk

Indicator/Theme Subindicator Ranking
A10 Soil health Prev_alence of soil degradation, soil loss 1
erosion
A6 Wateruse Water availability, water use efficiency p 5
crop
AL6 Fertiliser pollution Fertiliser use efficiency 3

A8 Biodiversity

Agrobiodiversity practices, pollinator spe|
cies

A13 Area undeprganic

Percentage of agricultural land uneer

X : ; 5
farming ganic farming
,Sb\iisr)]sGreenhousgas EMiS co, equivalent emissions per hectare 6
AS Amm_on|aem|SS|ons Emissions from livestock arfértilisers 7
from agriculture
A4 Land productivity Farm output value per hectare, crop yiel( 8

A12 Resilience

Risk mitigation, farm insurance coverage

Pesticide management, residue levels in

crop/livestock

A15 Pesticide risk 10
crops

A18 Energyproductivity Crop yield per unit of energy, renewable 11
energy use

A9 Decent employment | Wage rate in agriculture, formebntracts | 12

A3 Share oirrigable and Water efficiency, sustainable irrigation | 13

irrigated areas

AT Share omain land Trends in land use change 14

types

A2 Profitability Net farm income, profit margin per 15

All Land tenure

Secure tenure rights to land, organic car
bon content

16

A20 Ammoniaemissions
% of total

Ammonia emissions by region

17

Al4 Finalenergy con-
sumption

Energy consumption per hectare, renew

ble energy

18
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End of Table 3.4

Indicator/Theme Subindicator Ranking
A21 Share ofmain live- Share of pastureaised vs industrial live- 19
stock types stock

Al Food security Food insecurity experience scale, calorig 20

intake

A17 Livestockdensity in- | Animal stocking densitygenvironmental 21
dex impact

Profitability (A2) andfinal energy consumptiofA14) reveal relatively lower
positions regarding economic indicators. This indicates that even with improving
productivity, many operations are unable to translate output gainesiirble and
adequate incomes. High input prices, limited bargaining power iff@gtivalue
chains and restricted access to affordable finance weseemaining major bar-
riers to profitability. Likewise, excessive energy use per ha indicates stituctura
inefficiencies that undermine cost competitiveness.

Food security (Al) ranks lower in economic indicators; consequently, na-
tional food availability in the Baltic States exhibits greater stability while factors
influencing farmlevel economic sustainahijiare more strongly correlated with
productivity, costefficiency and riskmanagement capacity than with aggregate
food supply conditions.

The conduct of multidimensional efficiency under the criteria of productivity
growth, risk management, energy congtion and production infrastructure rep-
resents a major factor influencing economic sustainability in the Baltic agricul-
tural sector. Investing in innovation and financial instruments for resilience with
an eye to the long term, including strengtheningdtasas through targeted in-
vestment support, is thus crucial for boosting competitiveness and building resil-
ience.

Combined, the results show that economic sustainability in the Baltic agri-
culture sector is chiefly ensured when there is growing prodyctwi efficient
management of risks, energy purchasing costs per output unit and production in-
frastructure preparation are sufficient. Supporting targeted investment, innovation
policies and financial instruments in these domains is thus paramount fanmp
ing longterm competitiveness and resilience.
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3.3. Synthesis and Interpretation of Economic
Sustainability Findings

The previous subsections describe stag#iseianalytical process that are tempo-
rally focusedand hierarcital, moving from the identification and deduction of
indicators to theiprioritisationand empirical testing. This part brings together the
findings across these different stagegroducea cohesive synthesis of results,
where individual empirical componesnare interpreted as situated within a single
analytical modeather than aseparate pieces of research. The dissertation brings
together four empirical parts using two systematic literature reviews, a belphi
informed indicator selection process, a BWMighting exerciseanda TOPSIS
based comparative evaluatjiao develop an internally coherent, methodologi-
cally robust and contextlevant framework for assessing agricultural sustaina-
bility in the Baltic States. Combined, these elements build a-haykred analyt-
ical narrative that explores how sustainability indicators are epistensdaiited
within the moderndeascape, with their practical ways pifioritisationand com-
parison. This integrative section discusses symthesses the major findirgs
across these stages of analysigiaing them within the broader scholarly and
policy landscape.

The systematics literature review provided a broad conceptual background
by identifying 101 sustainability indicators, confirming lomgported findings
that sustainability assessments are generally environmentally focusthciting
economic dimensions are less systematically develdpéd! review of 84 ad-
ditional indicators in the renewable energy reinforced this trend tewadising
importance of energy efficiency, circular resource flows, and resilience to volatile
energy markets. This, alongside continuing reliance of internatoganhsations
such as FAO, OECD and the European Commissioroutdated indicators to
guide policy, underlines that sustainability metrics must move with the times to
incorporate the growing structural pressures affecting farming systems (and new
technological developments).

These conceptual insights wesgerationaked through the Delphi nthod,
which enabled experts from each of the three Baltic states to condense a long list
of indicatorgnto a more targeted listlefined as priority indicators. This approach
highlighted considerable regional convergence on the economic dimensions most
importart to Baltic agriculture: investment intensity, lalbgroductivity, income
diversification, market accesandtheintegration of renewables. These priorities
are shaped by t he incudnglowdagtal accumulatianu r a |
and greasusceptibility energy imports, demographic decline, and overdepend-
ence on smallandmediumsized family farmsConsensus through Delphi indi-
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cates thatfrom the Baltic perspectivesustainabilityis not separate from the ag-
ricultural sectod ability to remaincompetitive, withstandexternal shocksand
maintainlong-term earningstability.

Quantitativeprioritisationvia the BWM revealed that experts place consid-
erable importance on indicatorse f | ecting t he sector 6s
improvement and investmemiobilisation It alignswith theoretical debatés the
agricultural economics literaturehich argue that productivity growth and capital
deepening are at the core of susthieaural development, particularly in transi-
tion countries wherenoderngation is ongoing but structural inefficiencies re-
main. The results of the weighting, therefore, provide empirical grounds for a hi-
erarchy that aids the comparative assessment arghs®s interpretability.

By combining expertlerived weights with EUROSTAT data, the TOPSIS
comparative analysis facilitates an objective assessment of sustainability perfor-
mance across Lithuania, Latyiand Estonia. This analysis revealed some sub-
stantid crosscountry variation: Estonia performs well on environmental sustain-
ability due to the successful integration of renewable energy technologies and
prudent resource management; Lithuania demonstrates strengths in economic in-
dicators, a product of invesentdrivenmoderngation; while Latvia, constrained
by its structural fragmentation and limited investment capacity, scores lower
across multiple dimensions. These differences illustrate how sustainability out-
comes in the Baltic region are formed by lgegm structural processes rather
than simply by policy change.

In aggregate, the integrated results highlight the importance of a multidimen-
sional, regionally relevant framewotkat accommodates traetdfs andthe in-
herent complexitiesf Baltic agricultire. They show that while every country has
its share of strengths, no country performs well across all the pillars of sustaina-
bility. The synthesis thus forms the basisthe comprehensive comparative anal-
ysis offered in subsequent sections.

3.4. Comparative Interpretation of Economic
Sustainability Profiles in the Baltic States

This section provides a qualitative analysis and interpretation of the TOPSIS com-
parative results presented in the previous subsections. In cdatiiastprevious
section whichfocused on their quantitative standings and indielzteg| results,

this sectiorsynthessesthe reported findings to draw out relative descriptions of
economic sustainability profiles #te country level as well as structures across
Lithuania, Latvig and Estonia. Unpacking these differences as they affect the rel-
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ative performance of each countpouteconomic sustainability patterns ex-
plained through productivity, resilience, investment capacity and resource effi-
ciency is the primary concern.

A comparative analysis of the trajectorytbéBal t i ¢ St at esd s
shows differentiated (regional) paths formed by structural features, investment
trends, soci@lemographic changeand implementation capabilities. Lithuania,
Latvia, and Estoniare governed by an identical EU policy framework and similar
climate/historic conditions, yehey started developing unique agricultural sys-
tems that shape their sustainability outcomes.

L i t h u agricultad sector is notable for having a relativelyomng eco-
nomic dynamism. The flow of investment undiee CAP to supportnodernga-
tion, equipment improvements, and technology adoption through significant in-
vestment streams has also fanad Lithuania over the last 10 years. This has
manifestedtself as increased labo productivity and better participation in the
market, especially by mediusized farms and producesrgangations The in-
vestment intensity, a manifestation of both public and private investments in the
sector has fortified strutural competitiveness and resilience against market
shocks. Lithuaniads environment al sus
uneven. While some progress has been made in improving manure management
practices andbcalised adoption of renewable enertgchnologies, deeper struc-
tural reform is necessary as the gap towards sustainable agriculture remains large
due to persistent soil degradation, nitrogen surplus, and greenhouse gas emissions.
Lithuaniads soci al slabsutshortages bnd tontinung i s
rural depopulation.

Latviabds overall performance, in co
structural fragmentation are more intense with a higher share of small farms that
do not have enough capital resources to investadernisationor use advanced
technologies. Low investment intensity hinders productivity growth, while limited
market accespartiallyas a result of geography and infrastructure limitataom
| ower competitiveness. L atight thi® mixeke nvi r
landscape: some progress is made on biodiversity protection and riparian systems,
but inefficiencies persist in managifertili ser, emissions and renewable energy
uptake. Persistent rural entigration and agng populations exacerbate fmc
sustainability chal | e-tergnalslitiestoianduate and g t
adapt.

Estonia has a more balanced sustainability profile, supported by strong insti-
tutional capacities and participation in digital agriculture. Renewable energy tech-
nologies have been successfully integrated into agricultural production systems in
Estonia, particularly biogas and solar. Environmental governance is compara-
tively better, leading to more positive outcon®sch as soil conservation, water
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protectionande mi s si ons r e decondnc iodicatorskae that per-a 6 s
forming as high akithuanias yet; they are stable with positive trends in the farm
management efficiency. Wiktor has also identified areas for strategic policy inter-
vention by pinpointing cHeenges of income diversification and vulnerability to
price volatility in the agricultural sector that require responses.

The comparative investigation of the three countries suggests that sustainability
is a multidimensional as well as patépendent pess. Land reform history, de-
mographics and investments made have produced divergence in historical baselines.
The Baltic States face a few structural constrasutsh asabaur shortages, depend-
erceon imported inputs, and uneven access to techndhogyever, the magnitude
and effect of these limitations aceuntryspecific The interpretative insights pre-
sented in this section form the basis for the policy recommendations.

This comparative overview lays the groundwork for a more nuanced dimen-
sion-specific analysis in Section 3.5 that combines expert weighting and empirical
performance scores to produce a holistic sustainability leaderboard.

3.5. Integrated Interpretation of Economic and
Overall Sustainability Performance in the
Baltic States

This section builds on the descriptive presentation of results with respect to BWM
and TOPSIS by offering a dimensianise and integrated interpretation of the
output. Theanalysedresuts allow for a comprehensive reassessment of the sus-
tainability performance of agriculture in Lithuania, Laf\aad Estonia (given by

the TOPSIS approach) arate synthessed with the results ofhe Delphii BWM
evaluationThis way, it clearly differentias between economic sustainability pri-
orities based on BWM indicator weighting, and overall sustainability performance
in terms of TOPSIS benchmarkimgpnsidering environmental and social dimen-
sions as contextual context. Accordingly, comparative tabidsirgerpretative
commentary identify common regional trends but also cotsgegific strengths

and weaknesses, providing an overview of how the Baltic Sta¢sent them-
selves in relation to thexpansion othe EU sustainability agenda.

3.5.1. Comparative Economic Sustainability (the Besti Worst
Method Results)

The results in this subsection reflect the priorities for economic sustainability ac-
cording to BWM weights instead of the country ranks. Economic sustainability
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indicates the extent to wih the agricultural sector can create stable income, in-
vest inmoderngation and market access, as well as sustain-teng competi-
tiveness. The BWM weighting results identify investment intensity, labour
productivity and income diversification as theshonportant indicatorsa result
which is consistent with theoretical expectations and empirical studies from post
transition economies.

Lithuania stands out in the region for the sustainability of its economy: high in-
vestment intensity given CAP allogais and private capital, continuous improve-
ments in farm machinery and technology adoption, as well as increasing engagement
with export markets. These strengths correlate systematically with higher-BWM
wei ghted indicator s, diphtowentimgmatkdi disrus-e ct o
tions and adjust to changing conditions of catalysation in environmental topologies
and policy contexts. Lithuania hasarger average farm size and more consolidated
production systems than Latvia and Estonia, with prodbctimprovements in Lith-
uania outpacing those in its neighbogistates.

Estonia, meanwhile, is in second with a strong but more temperate economic
performance. Although the range of digital agricultural technologies adopted and re-
source efficiency is hightifferences in income diversificatiamegreater in Estonja
which will make it more vulnerable the price volatility of commodities. The rela-
tively large holdings and cooperative structure of Estonian agriculture may help drive
productivity, but relaince on a narrower range of outputs inhibits resilience.

Latvia islaggingasthefragmentation in farms is a structuhéhdrance such
asthe inability to invest andhe lack of engagement in vaksxlded markets.
These limitations show up as lowsgores for key economic indicators, namely
productivity and income diversificati
structural constraints are nephemeral butather built in and influence funda-
mental vectors of its economic sustainability geoflT hese differencesmphasie
that economic sustainability in the Baltic region is highly determined by invest-
ment capability, level of technology uptake and farm structural elements that are
unevenly distributed across countries. A summary of the -casistry compari-
son across countries based on the nine economic indicators obtained through Del-
phi and weighted usintpe Besi Worst Method (BWM) is provided in Table 3.5.

Table 3.5. Economicperformance comparisqBWM indicators LTi LV EE)

Economic Indicator Lithuania (LT) Latvia (LV) Estonia (EE)
Investment intensity High Low Medium
Income diversification Medium’ High Medium Medium
Labour productivity High Medium Mediunmi High
Market access Medium Lowi Medium High
Efficiency Medium Low Mediumi High
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End of Table 3.5

Economic Indicator Lithuania (LT) Latvia (LV) Estonia (EE)
Income High Medium Medium
Profitability High Mediumi Low Medium
Working capital level Mediuni High Low Medium
Subsidies dependence | Medium High Mediunmi Low

Table 35 indicates that Lithuania outperforms Latvia and Estonia across
most core economic sustainability indicators, particularly investment intensity, la-
bour productivity, and income. This p:
pillar and highlighs the importance of capital formation and productivity growth
for economic sustainability in the Baltic agricultural sector.

3.5.2. Comparative Environmental Sustainability

Environmental sustainability captures how efficiently nations are managing saill,
water, biodiversityand energy resources while mingnig pressures on the en-
vironment. As with TOPSIS, Estonia performs the best in all environmental per-
formance measures.

Estoniabs | eadership can be atermmri bu
policy choices, including more stringent enforcement of environmental regula-
tion, higher adoption rates for renewable energy technologies (primarily in agri-
culture), and better integration of environmental concerns within farm manage-
ment systems. Production biogas and use of digital monitoring tools improve
resourceuse efficiency even more, helping to give strong scores on emissions re-
duction and nutrient management.

Lithuania has made substantial progresst continues to face significant
ecological challages. Soil degradation, patchy nutrient management, and a
slowerthanexpected transition to renewable energy technologies limit environ-
mental performance. Although CAgtipported agrenvironmental measur@s
centivisedecological farming and the establisént of buffer zones, their effects
are geographically uneven.

Overall, Latvia has a varied environmental track record. Greenhouse gas
emissions and nutrient efficiency are still lagging ecosystem service indicators,
despite advances in biodiversity consgion and landscape ecology. Compared
to Estonia, Latvia invested less in environmental technologies per unit of output,
constraining its opportunities to steer the development of a more sustainable en-
vironmental trajectory. Comparisons of the environniéghlight that technology
uptake, institutional capacity and policy ambition are decisive factors influencing
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sustainability outcomes. The relative environmental strengths of each country are

summarsedin Table3.6.

Table 3.6. Environmentaperformance comparisdifOPSISindicators LTi LV1 EE)

Environmental Indicator Lithuania (LT) | Latvia (LV) Estonia (EE)
Soil health Medium Low High

Water use efficiency Medium Low High
Fertiliser pollution risk Medium Low Mediumi High
Biodiversity Medium Low High

Area under organic farming | High Medium High

GHG emissions Medium Medium Low (better)
Ammonia emissions Medium Low Mediumi High
Land productivity High Medium Medium
Pesticide risk Medium Mediumi High | Low
Livestock density risk Medium High Lowi Medium

As shown in Table 8, Estonia demonstrates consistently stronger environ-
mental performance than Lithuania and Latvia, especially in soil health;usster
efficiency, and biodiversity protection. Thesee s u |l t s
in agrienvironmental governance and resowgtfeciency practices.

3.5.3. Comparative Social Sustainability

conf i

rm Est

Social sustainability provides insight into demographic vitality, labour availabil-

ity, rural welkbeing and @ucational capacity in the context of agricultural com-

munities. Challenges are most pronounced in this dimension, across all Baltic

States, considering wider demographic changes and labour market pressures.
With the support of agricultural colleges andrtitag progranmes, young

farmers are moderately active in Lithuania. However, {@mm labour availabil-

ity and sectoral renewal continue to be undermined by persistent ruralgrat

tion and aging populations.

Of the group, Latvia offers the lowest sd@astainability statistics. The at-
tractiveness of the agricultural sector is limited for new entrantsocgnditions
such as high rates of rural depopulation, poor access to training systems in agri-
culture and structural fragmentation. These demogcaptassures translate di-
rectly into hits to productivity and investment potential.

At least in the other two countries, Estonia enjoys an advantage due to more
focused support for young farmers, stronger digital education infrastructure and
better rural deelopment programes. Yet even Estonia suffers lalvshortages
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and demographic decline. Broadly speaking, social sustainability continans
undercurrent challenge undermining the effectiveness of both economic and en-
vironmental policies. Lahe condifons, training, demographic patterns, and rural
well-being are social indicatgras shown in Table 3.7

Table 3.7. Socialsustainability comparison

Social Indicator Lithuania (LT) | Latvia (LV) Estonia (EE)
Decent employment Medium Low High
Wagelevels in agriculture Medium Low High

Access to training/skills Mediumi High | Lowi Medium | High

Rural demographic stability Low Low Medium
Participation in decisiomaking | Medium Low Mediumi High
Poverty risk in rural areas Medium High Low

Table 37 reveals that Estonia achieves the strongest social sustainability pro-
file, while Latvia exhibits persistent weaknesses related to rural depopulation, em-
ployment quality, and access to training. Lithuania occupies an intermediate po-
sition, reflecting modete but uneven social conditions in rural areas.

3.5.4. Composite Sustainability Ranking (Integrated Economic,
Environmental, and Social Performance)

The composite sustainability assessment is derived through a sequential integra-
tion of BWM and TOPSIS results. The Bidatorst Method (BWM) is first used

to determine the relative importancesgbnomic sustainability indicatorsbased

on expert judgment. Hse BWMderived weights are then incorporated into the
TOPSIS model together wiitandardied indicator values across economic, en-
vironmental, and social dimensions to calculate cotietrgl performance scores.

This way, BWM specifiesvhich indicators matter most, while TOPSIS deter-
mineshow well each country performswith respect to those indicators, resulting

in a composite sustainability ranking.

In contrast to Section 3.5.1, which reflects economic indicator priorities, this
subsection presentsverall country performance derived from the TOPSIS
based composite evaluation.

Integrating the economic, environmental, and social sustainability assess-
ments provides a consolidated view of the overall performance of the Baltic
States. The composite ranking igded from the weighted TOPSIS evaluation re-
veals a consistent ordering across robustness scenarios:

1. Lithuania
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2. Estonia

3. Latvia

Lithuaniads |l eading position reflec
bined with solid environmental and social results. Higlegtment intensity, ris-
ing |l abour productivity, and i mproved

nomic pillar, while moderate environmental and social scores support a balanced
composite outcome.

Estonia is ranked second overall because of excellemrezironmental per-
formance particularly in integrating renewables, managing nutriemtd protect-
ing soil, combined with relatively stable economic and social indicators.

Latvia is consistently last when it comes to the composite index. These results
arenot due to one or two isolated weaknesses; they are embedded in structural
constraints across all three sustaina
is characteded by smaltscale operations with poor access to finance, limiting
productivity am making it difficult tomodernse. Environmental performance is
moderatéy strong on some measuyesit emission intensity and resounese ef-
ficiency are still challenges. Eroded social sustainability due to demographic de-
cline, poor attractiveness of the agricultural workforce and training/extension ca-
pacities. Therefore, Lisamoreirefléctive df theve r
synergistic effects of deapoted structures than transient policy failures.

However, taken together, the composite ranking indicates that sustainable
agricultural development is dependent on progress across all three pilhdlst. W
economicmodernsation like this can result in more sustainable outcomes, un-
addressed environmental and social constraints mean that these outcomes are not
inevitable. Finally, the crosdimensional ranking using the combined values of
BWM and TOPSISs shown in Table 3.8.

Table 3.8. Compositesustainability anking

Country Eco- Environmental | Social | Overall Score | Overall Rank
nomic

Lithuania 1st 2nd 2nd 0.72 1st

Estonia 2nd 1st 1st 0.70 2nd

Latvia 3rd 3rd 3rd 0.55 3rd

Table 3.10 shows thdtithuania attains the highest overall sustainability
scor e, foll owed by Estonia and Latvi a
economic performance combined with moderate environmental and social results,
Estoniads environmeandtsals tlreuacdteurrsahli pc,o nas
three dimensions.
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3.5.5. Synthesis of Cross-Country Structural Patterns

The above specific analyses indicated that a similar structure shapes sustainability
performance in the Baltic States. Instead of repeating semuthe indicator level,
this subsection identifies deeper systemic drivers for @rosstry differences.

First, sustainability performance is closely tied to investment capacity and
the structuramodernsgationof an economy. The high composite score of Lithua-
nia can be attributed to relatively better economic fundamentals, as well as capital
formation, prodativity and market integration. This economic base ensures that
overall sustainability performance remains stable, despite pressures on the envi-
ronment.

Second, Estoniabés profile helps to
coherence and environmial governance quality. Overall, its high environmental
performance reflects good regulatory implementation and technological absorp-
tion, showing that longun policy continuity may mitigate moderate economic
diversification.

Third, pathdependent structal constraints in Latvia, emerging from the rel-
atively small farm size and lack of access to capital as well as demographic de-
cline, contribute to this countryds
straints are mutually reinforcing, across pillasting to intensify their economic
vulnerability and constrain the ability inodernse.

In summary, the results show that sustainability performantieeiBaltic
region is not determined by isolated policy measures; instead performance reflects
the inteaction between structural characteristics, investment patterns and govern-
ance quality. The comparative assessment of these public health phenomena
hence supports the need for differentiated national strategies as opposed to uni-
form regional policy prescripns.

3.5.6. Policy Implications

The comparative findings identify some important policy implications that could
help promote more balanced and resilient agricultural sustainability pathways in
the Baltic States.

In the case of Lithuania, it must embracwironmental regeneration atiek
efficiency of its resources. Soil restoration prognees that target dryland re-
gions, nutrient management regulations in agriculture and incentives for renewa-
ble energy independence can alleviate ecologiessure. Investment in agricul-
tural education, vocational trainingnd incentives that enhance the attractiveness
of rural employment are critical to address labshortages. It is essential that
environmental degradatiatoesnot add to economic growth

For Latvia, targeted structural reform is necessary. Consolidation incentives,
moderngationgrants and better access to laegnm credit might alleviate chronic

r



3. ECONOMIC SUSTAINABILITY ASSESSMENT RESULTS OF THE... 71

underinvestment and low productivity. Improvements in extension services and
digital training progranmes would help smallholders adopt such new techniques.
To address demographic decline, Latvia needs more effective rural development
policies that include attracting young farmers to the agricultural sector and sup-
porting succession planning.

ForEstonia, the key challenge is to increase the economic pillar without risk-
ing its environmental achievements. Income diversification (i.e., through-value
added processinggro-tourism or new market opportunities) can limit vulnera-
bility to commaodity priceluctuations. Ongoing support for energificient tech-
nologies and digital agriculture will sustain environmental leadership while en-
hancing economic resilience.

The Baltic States would gain from greater regional cooperation on common
challenges such dabaur shortages, energy dependency and climate change ad-
aptation and crodgsorder knowledge transfer. A unified Baltic approach towards
sustainable agricultural practices that take advantage of the respective issues
raised bythe CAP, Green Deal and natial policies could make the process more
efficient while promoting beneficial matching at both sides.

3.5.7. Research Limitations

This dissertation makes its contribution to the understanding of economic sustain-
ability issues in the Baltic agricultural $ecthrough a systematic and empirically
grounded approach, but several limitations should be noted.

First, the empirical analysis relies primarily on secondary data from Eurostat
and national statistical sources. While these databases ensure compauadbility
reliability, they may not fully reflect farrrevel heterogeneity, informal economic
activities, or shorterm fluctuations in income and investment. Future research
could supplement macroeconomic data with microeconomic farm surveys or case
studies tagain a more detailed understanding of the dynamics of economic sus-
tainability.

Second, due to their central position in indicator validation and weighing us-
ing the Delphi technique arite Besi Worst Methodwhich rely on expert judg-
ment These techniqueare weltlgoverned at a high level and implemented via
consistency checkbut even expetbased approaches are inherently subjective.
Robustness could also be further strengthened by increasing the number and di-
versity of experts on panels and using alive weighting methods (AHP or
entropy).

Third, the framework tends emphasse the economic dimension of agricul-
tural sustainabilityand environmental and social dimensions are used mostly as
contextual factors. Future research can build upon theefsamk proposed to
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achieve a fully integrated tdimensional assessmemtherein economic, envi-
ronmental and social indicators are simultaneously weighted and aggregated in a
common model.

Fourth, the empirical application is confinedLithuania, Latviaand Esto-
nia. While the Baltic States constitute a significant cluster offpassitional na-
tion states with agricultural economies, external validity may be limited to other
settings due to heterogeneities in institutional framewastksctural farm config-
urations and policy environments. Future studies may assess the relevance of the
framework also in other regions withiine EU, or in noREU countries with sim-
ilar structural features.

Finally, the analysis uses static comparison thase available timeeries
data. Trends ar@nalysed, but dynamic causal relationships among indicators are
not explicitly modded. Future research could also adopt longitudinal niodel
panel econometric techniques, or systiynamics approaches to testcapture
the evolution of economic sustainability over time.

Considering these limitations, however, the proposed framework represents
a transparent and replicable basis for assessing economic sustainability in the ag-
ricultural sector and contributeswiards additional methodological refinement
and empirical advancement.

3.6. Conclusions of the Third Chapter

1. The empirical analysisuggestghat the economic sustainability tife
agricultural sector ithe Baltic States is determined by productiviy;
vestmenistrengthening ability, income diversification, marlesicess
and energy factors.

2. Results revealed that investment intensity, labour productivity and in-
come diversification were tHgghestranked indicators of economic sus-
tainability according to B/M analysis.

3. A comparisorof results through TOPSIS shedguantitative differences
in theeconomic sustainability performance of Lithuania, Latsiad Es-
tonia that correspond with structural and policy differences betitneen
countries.

4. The scaling of performance tagencydetermined expertbased
weighting in conjunction withstandardied EUROSTAT data offers a
transparent and reproducible framelwéor benchmarking agricultural
sustainability performance.

5. Indeed, while environmental and social indicators are not primary objects
of assessment (as suggested bydtenometrigype modelling), they
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condition economic outcomes and should be interpragedontextual
constraints in sustainability assessments.

6. The findings underscore the need for policies émaphasse capital for-
mation, productivity improvementsarketintegration, andhe transfer
of renewable energy within the agricultural sector.

7. The analytical MCDMbased assessment framework developed was
found to be a meaningful decisisnpport tool for assessment and rank-
ing of economic sustainability, with practical relevance for petiak-
ers and stakeholders across the Baltic States.






General Conclusions

1. From a systematic literature review and European Union policy frameworks anal-
ysis, an integrated contesensitive anergansed system of sustainability indi-
cators for the agricultural sector was elaborated. This system provides theoretical
consistency, captures regispecific features of the Baltic States and overcomes
the limitations of actual indicator sets by including important economic aspects
such aproductivity, investment capacity, income diversification, market integra-
tion and emargy.

2. In this research, aimtegratedapproach mulicriteria assessment methodology
was proposed and validated via integration of the Delphi method with BWM and
TOPSIS techniques. The inclusion of a transparent and systematic methodology
to select the indicators, weight them according to iypegmentsandbench-
mark comparisons of similar entities ensures reproducibility and robustness of
findings whileutili sing high-quality standardieddata.

3. The empirical performance analysis of Lithuania, Lataiad Estonia showed
major differences ithe sustainable development economic performeairmain-
tries that depended on structural aoticy-related diversity. While the findings
underscore the importance of investment intensity, labour productivity, income
diversification and market access &monomic sustainability, they give policy
relevant insights that underpin evidetizsed policymaking in line with the Eu-
ropean Green Deal attie Common Agricultural Policy.
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Abstract: A rapidly expanding field, inable agricul aims to produce food and energy for
i The inability concept is di
indicators are unique in any area and country. Sustainable agriculture contains three main dimensions:

people today and future in every field; thus, the

envir and social.
past twenty-five years and has attracted much attention. Many researchers tried to identify these
dimensions, but there is a lack of new research concerned with grouping all indicators together.
Moreover, the indicators will change every year, so the indicators list needs to be frequently updated.
This study follows the protocol for SALSA (Search, Appraisal, Synthesis, and Analysis) and PRISMA
(Preferred Reporting Items for Sy ic i and Meta-Analyses). Web of Science (WoS) was
used for the literature search. A total of 101 indicators were found from previous studies for the three
dimensions

agriculture has been the focus of researchers for the

social, environment, economic. In order to measure the most important indicators for

sustainable agriculture, the paper proposes an appropriate set of indicators, as well as providing the

previous papers analyzed by year of publication, continent, and topic.

Keywords: sustainable agriculture; PRISMA; SALSA; indicators; Systematic Literature Review

1. Introduction

Agricultural production is essential to human and civilizational survival. Agricultural
income and employment are supported along the entire food supply chain. A growing and
affluent population has led to increased agricultural productivity. However, this has come
at a cost to the environment and social systems worldwide. Agriculture plays a crucial
role in the international economy; 1.3 billion people, or 16% of the global population, are
employed by it, contributing 24% to global output [1]. Agriculture development programs
have focused on increasing agricultural production in many developing countries [2].

In many developing countries, agricultural productivity has been emphasized at the
expense of sustainability. Therefore, essential and natural resources were not preserved
while production increased. Soils are degrading, water is causing erosion, groundwater
is polluted, and natural resources are depleted in large parts of the world. Poor and
developing countries are more likely to suffer from this condition because they rely heavily
on agriculture and natural resources [3].

Agricultural practices contribute to society’s current and long-term food, fiber, and
other needs by conserving resources while maintaining other ecosystem functions and long-
term human development [4]. Technical fixes and expertise are not the keys to agricultural
sustainability. Changes in policy, institutions, and behavior are necessary to integrate
ecological and societal knowledge [5].

The definition of sustainable agriculture varies considerably across countries, and
few quantitative assessments of agricultural sustainability are available. Sustainability is
defined by some scholars and practitioners as a set of management strategies, while others
describe it as an ideology or a group of goals [6]. Nonetheless, sustainable agriculture is
increasingly framed regarding its impact on bility 1, economic, and
social pillars. There are several frameworks and indicators for assessing the sustainability of
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food systems at the national and global levels and for determining sustainable agricultural
intensification at the farm level [7].

There is a strong connection between sustainable agriculture and the multi-functional
role assigned to the primary sector [8]. There are three dimensions to this sustainability
approach: social, environmental, and economical. Agricultural practices are examined
based on local ecosystem services, consumer needs, and the impact on the global environ-
ment [9]. Multifunctionality ensures environmental protection, healthy farming, and rural
community health and can also be considered a ‘moral’ system [10].

Most studies have focused on assessing various environmental, economic, and social
sustainability dimensions at the national level, setting thresholds or targets, and analyzing
synergies and exchanges between them [11]. Sustainable agriculture is now a broader
concept that encompasses both economical and more general social dimensions, having
begun by focusing on ecological factors. Ecological conservation, enhancing and using local
ecosystem resources [12], and reducing adverse environmental and health externalities are
the core concerns of sustainable agriculture [9,13,14]. A growing awareness of ecological
sustainability in agricultural activities has included topography, slopes, and soil quality.
An economic perspective on sustainable agriculture tries to assign value to environmental
parameters, such as the area under cultivation, agricultural productivity, and income
earned. Sustainable agriculture often relates to farmer satisfaction, technical knowledge,
skills, and social capital from a social standpoint [15,16].

Sustainability indicators cover many aspects of sustainability, but not all. There may
be differences between the indicators used in one country and the indicators used in
another country. There is much subjectivity in the indicator systems for different countries,
regions, and development stages. There are many indicators in sustainable agriculture
system that can have an effect on this system. The indicators for sustainable agriculture
are scattered in many articles. It is therefore hard for researchers to group them together.
Moreover, the indicator list needs to be updated because every year the indicators will be
changed. The article tries to gather all the indicators in one article, so systematic review
used to this article.

2. Research Background
2.1. Sustainable Agriculture

Sustainable agriculture has three main dimensions; economics, environment, and
social. Agriculture must achieve sustainability by creating a balance [17]. Sustainable
agriculture focuses on reducing negative externalities on the environment and health,
enhancing and utilizing local ecosystem resources, and preserving biodiversity. Envi-
ronmental sustainability in agricultural activities includes topography, slope, and soil
quality [18]. Agricultural productivity and income are considered economic indicators of
sustainable agriculture, in addition to ecological parameters. As far as sustainability is con-
cerned, farmers’ participation, satisfaction, and technical knowledge are often associated
with sustainable agriculture [19]. There are three dimensions to sustainability agriculture,
as shown in Figure 1.

Economic

Sustainable
agriculture

Social Enviromental

Figure 1. Three dimensions to sustainability agriculture.
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It is important to understand what sustainable agriculture means, or how the salient
attributes of agriculture are interpreted. There are many attributes to consider, ranging
from soil-plant relations at the farm field level to global trading arrangements and distribu-
tion mechanisms for agricultural commodities [20]. Agricultural growth is influenced by
soil fertility, climate, and pests, from a biophysical perspective [21]. Various management
practices and environmental conditions are examined in order to determine how they
affect yield. Biophysical productivity has been the subject of much research on agricultural
sustainability [22]. In economic terms, agriculture is a farm business and a regional or
national economic sector. Despite changing environmental, social, and economic condi-
tions, economic sustainability is measured by the cost of production and the prospects for
continued viability [23].

Agriculture is viewed from a macro perspective as a producer capable of satisfying
food and fiber requirements. Sustainability concerns the potential for meeting national and
global food and fiber needs, as well as the quality and security of food supplies, transferring
technology, and improving the food distribution systems’ efficiency and fairness [24].

There are different perspectives depending on the scale at which one is looking. A
farm’s main concerns are soil conditions, nutrient levels, water availability, and plant
growth [25]. A farm operation refers to the production of crops and livestock, management
practices, and the structure and viability of the operation. A key element of land use
patterns and natural resource use at the regional level is agriculture. Globally and nationally,
agriculture involves trade, equity, and food security [26]. Table 1 shows the three level of
sustainability agriculture based on the micro, meso, and macro level.

Table 1. Micro, meso, and macro level of sustainable agriculture.

. Scale
D Micro Meso Macro
Field level soil A siems Continental water
Natural resource base ~ fertility & Y and land resources
Moisture Reglol:\z»al land Global climate
capability
: . 5 Regional production,  Global food and fiber
Crop production Field yield Land usé patterms supplies
Management farm % A
) Jlevel production costs Regional economy, Trade marketing
S Viability Value of production, Eoticies
Capital outlay P ’ Politics
Farm level tenure Ruéaflucon?mumty %€ Global poverty
Rural community andfunction
Family involvement Access to food Hunger
Communication Facilities Equity

2.2. Social Dimension

Since the 1960s, the public’s environmental concerns have led to the development of

the idea of sustainability. The most commonly used definition of “sustainable development
is “humanity has the power to create a development that meets the needs of the present
without impairing the ability of future generations to meet their own needs” [27].

The social dimension of sustainability is now being studied at many levels, across
several sectors, and using a variety of conceptual frameworks. Among the topics are devel-
opment studies, political studies [28,29], and project development [30-32]; in food-related
studies, several scholars address participatory approaches [33,34] and social learning among
farmers and rural communities [35] or consumers [36]. Some studies take a theoretical
stance when addressing the social dimension of sustainability, defining the concept and
analyzing the state of the field [37,38].

People play a role in social sustainability, and two major groups can be identified [39].
The first aspect of sustainability that affects the farming community is social. This has
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to do with the happiness of the farmers and their households. The indicators from the
literature were divided into three categories by Lebacq et al. (2013): education; working
circumstances (measured by working hours, workload including pain, and workforce);
and quality of life (measured by isolation and social involvement) [40]. Van Cauwenbergh
etal. (2007) divided quality of life into physical (indicators related to labor conditions and
health) and psychological (indicators related to education, gender equality, family access to
infrastructure and services, and the farmer’s sense of independence) well-being [41]. They
only took into account quality of life as a social theme. Employee physical health can also
be considered an aspect of well-being (e.g., van Calker et al., 2007), albeit this can be seen
as a result of working conditions [42].

There is social sustainability that matters at the level of society. This is “related to
society’s demands, depending on its values and concerns”. Lebacq et al. (2013) divided the
literature’s indicators into three categories: multifunctionality (such as rural areas’ quality,
employment contribution, and ecosystem services), acceptable agricultural practices (which
have environmental impacts and animal welfare), and food safety and quality (including
food safety) [40]. Van Calker et al. (2007) evaluated the impact of sustainability measures
on the rural economy, which is less strict than the impact of such measures on employment,
but can still be included in Lebacq et al.’s (2013) quality of rural life report [40,42]. In
addition to equity and heritage, cultural, spiritual, and aesthetic values were included by
Van Cauwenbergh et al. (2007). Social sustainability sometimes includes succession as one
of its dimensions [41].

“Economic and social elements are only relevant in this approach insofar as the green-
ing of social development needs to be economically and socially compatible as well” [43].
According to some researchers, the historically ingrained dualism between social and
natural science and the use of disparate terminologies and methodologies are to blame for
social science’s lack of participation in conceptualizations of sustainability [33]. During the
past twenty years, social scientific notions have gradually eroded this duality [35,44].

2.3. Economic Dimension

Agriculture should, in the words of van Cauwenbergh et al. (2007), “bring prosperity
to the farming community.” Economic viability, or the ability of a farming system to endure
over the long term in a changing economic environment, is commonly understood to be
the same as economic sustainability in this context. Variability in production and input
prices, yields, output outlets, and public backing and regulation can influence economic
environment changes. Long-term can be interpreted as occurring throughout a farmer’s
career or across several generations. The latter is connected to durability, or a farm’s ability
to be passed on to a successor. Profitability, liquidity, stability, and productivity are the
primary indicators of economic viability [42].

Profitability is determined by comparing revenue and cost, either as a difference or
as a ratio, or by income variables such as farm income. The ability to pay for immediate
and short-term obligations is known as liquidity, and equity capital share and growth are
typically used to gauge stability [45]. The ability of the factors of production to produce
output is measured by productivity. It is generally quantified using a partial productivity
indicator, a ratio of the production to one input. Still, it may also be conducted using metrics
such as total factor productivity (T.EP.) and technical efficiency that consider the possibility
of information or output replacement. Indicators of profitability and productivity are
mostly quantitative indicators that are stated in terms of money or as ratios, i.e., reference
scales are only occasionally utilized [46].

A more extensive range of indicators has been proposed to capture additional eco-
nomic characteristics of farming systems related to sustainability, even if measuring eco-
nomic sustainability often does not go beyond such indicators [47].
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2.4. Environment Dimension

Due to the rising concern for sustainability and environmental challenges over the
past 20 years, many projects have been put forth with various indicators [48]. Lebacq
etal. (2013) categorized ecological indicators from the literature into eleven environmental
themes/ topics that either concentrate on observable physical features of the environment
or human activities with significant environmental impact [40,49]. These topics include
soil quality, biodiversity, nutrients, pesticides, non-renewable resources (such as energy
and water), land management, emissions of greenhouse gases (GHG), and compounds
that cause acidification. Three categories of environmental topics can be distinguished
more broadly:

e Themes related to local or global impacts, which have consequences on the functional
units used to express the indicators [50];

e Themes according to the action chain, namely the ultimate goal (e.g., human health),
the process to achieve the goal (e.g., balance of environmental function), and the means
(e.g., protecting environmental compartment) [51];

e Themes based on goal-oriented frameworks (where themes are goals to be achieved)
and frameworks oriented towards system properties (where themes are
system properties) [52].

Despite the variety of ways sustainable agriculture is conceptualized, one factor
frequently highlighted is its numerous dimensions, including economic, environmental,
and social concerns [53]. Pramanik (2016) used a suitability study for agricultural land
use in the Darjeeling district using A.H.P. and G.L.S. methodologies [54]. For Cihanbeyli
(Turkey) County, Bozdag et al. (2016) conducted a land suitability analysis based on A.H.P.
and G.IS [55].

Performance must be measured and benchmarked to assess how well an agricul-
tural system operates and how sustainable it might be. Numerous indicators have been
developed due to widespread interest in sustainability and are frequently included in
sustainability frameworks. Furthermore, rather than supporting stakeholder learning
and guiding their activities during the sustainability transition, many indicators created
for sustainability studies have been designed and used for evaluation and assessment
purposes [56]. The ability and interest of the stakeholders to embrace technologies and
practices in agriculture and related sectors are enhanced by the stakeholder-driven and
inclusive prioritization of adaptation alternatives [57,58].

3. Methods

The SALSA framework was used for literature search and analysis in order to minimize
subjectivity. The scientific literature points to the SALSA methodology as one of the best
tools for identifying, evaluating, and systematizing literature, which ensures methodologi-
cal precision and completeness [59]. Furthermore, the PRISMA statement was followed
in order to guarantee the consistency and completeness of the research process. PRISMA
also ensures that the research is accurate and complete. Figure 2 shows the framework for
systematic literature search and review.

Lm

L [ . —

okeywords « papers selection «+data extraction «analysisofthe
identification; through the and data, result
search database PRISMA
statement. conclusions.

Figure 2. Framework for systematic literature search and review.

The first phase of the SALSA technique is the search; the literature search was car-
ried out in the Web of Science (WoS) collection database with combinations of topics:

", ou,

“sustainability agriculture” and “economic indicators”; “sustainability agriculture” and
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Screening

Eligibility

Included

. ",

“environment indicators”; “sustainability agriculture”; and “social indicators. The search
covered the period 2010-2022. The second phase of SALSA is appraisal. The PRISMA
technique is used for selection of papers that followed. The publication was included for
further analysis if it met the inclusion criteria. The inclusion criteria were as follows: a
combination of keywords was in the title, keywords section, or abstract of the paper; the
assessment was oriented at the farm and food industry; the paper was published in a
scientific peer-reviewed journal; and the paper was published in the economics or energy
fuels WoS database category. Exclusion criteria were as follows: review articles; editorial
letters; conference proceedings papers; papers that were not written in English; papers
were not primary research papers.

The search divided to three parts: the first related to economic part, second part related
to environment and the last one related to social. Table 1 shows the number of papers that
were obtained from the search for each dimension. Figure 3 shows the PRISMA steps for
the appraisal phase.

‘Sustainable agricul-
ture’ + ‘indicator’ +

‘Factor’ + “economic’,

‘Sustainable agricul- ‘Sustainable agriculture’

ture’ + ‘indicator’ + + ‘indicator’ + ‘Factor’ +
‘Factor’ + ‘social’ = ‘environment, n = 2191

n=3021 1779

I} v P

Reading title, abstract, and keywords. Applicationof | 4

¥

Excluded pa-
pers, n=1387

inclusion and exclusion criteria, n = 1601

<
v
Reading of text completed. Content analysis. Appli- Excluded pa-
cation of exclusion criteria. n=214 pers,n=13

y

Studies included for further analysis and evaluation,

n=157

Figure 3. PRISMA steps for the appraisal phase.

Figure 4 shows the papers’ topic area, collected from 157 reviewed papers, 71 of
which were published in the sustainable agriculture section. In this section, the papers
were related to sustainable agriculture dimensions: economic, environment and social.
forty-nine papers were published in the ecosystem section, these being related to landing,
farming, and soil. Employees and farmers play a key role in the sustainability; 19 papers
were published in this area.

The identified indicator sets were found in journal articles and reports published from
2010 to September 2022. Out of the 157 publications analyzed, 82 were published before
2019 and 75 after 2019. Figure 5 shows the number of published papers from 2010-2022.

Based on the Figure 6, 38% of the authors of the articles were from Europe, which
equals 59 authors. Moreover, in Asia, 53 authors published articles in this field and
introduced indicators, amounting to 34%. The United stated of America has 25 articles,
India has 19 articles, China has 13 articles, and England has published 7 articles in the
period of 2010-2022 in the field of introducing indicators.
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The analysis shows a total of 157 papers were found for this study for extracting the
indicators. Table 2 shows the indicators that are extracted from these papers. For the social
dimension, 30 indicators were found from 49 papers; from 78 papers that related to the
economic dimension, 31 indicators were found; for the environment, 40 indicators were
found from 77 papers. Table 2 shows the obtained indicators from previous studies. These
indicators grouped by the three dimensions.

Table 2. Indicators of sustainable agriculture.

Dimension Indicators References
Acceptable agricultural practices [40,60]
Compatibility [61,62]
Contribution to employment [40,63,64]
Demographic structure [65-67]
Ecosystem services [40,68,69]
Education [40,70,71)
Employment [40,72]
Equality [73,74]
Farmers’ rights [6,75,76]
Farmers’ well-being [6,73,77]
Food [61,78]
Food safety [61,79,80]
Health and nutrition [6,81]
. Health and Safety [61,82,83]

Sodl Isolation [40,84]
Knowledge [61,85]
Life quality—consumers [61]
Life quality—workers [61]
Multifunctionality [40,86,87]
Quality of life [40,88]
Quality of product [40,89-91]
Quality of rural areas [40,92]
Quality of process [40,93,94]
Relative wages [95,96]
Resilience [6,97,98]
Share of the family labor force [99-101]
Social implication [40]
Technology [61,102,103]
‘Women empowerment [104,105]
Working condition [40,106]
Accessibility [61,107-109]
Agricultural activities [40,60]

Economic Agricultural labor productivity [6,110,111]
Agricultural support (6]

Animal feeding

[40,112,113]
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Table 2. Cont.

Dimension Indicators References
Capital productivity [114-117]
Cost [61,118,119]
Credit availability [6]
Diversification of activities [120,121]
Diversification of income [122,123]
Efficiency [40,119,124]
External financing [40,125]
External income [40,126,127]
External inputs [40,128-130]
Farm'’s profitability [40,131]
Farmer’s risks [6]

Food loss [6,132-134]
Economic Income [40,61]
Investment intensity [135-137]
Labor productivity [116,138,139]
Land productivity [140-142]
Liquidity [143-145]
Market access [6,146-148]
Marketability [40,61]
Mineral fertilizers [40,149]
Non-agriculture activities [40,150,151]
Price [61,152,153]
Production [40,154-156]
Profitability [157-159]
Subsidies [40,160,161]
Working capital level [40,162]
Agriculture practices [40,163,164]
Biodiversity [165-167]
Biological soil quality [40,168]
Chemical soil quality [40,169]
Climate change [6,170]
Compaction measurements [40,171,172]
Complex model [40,173]
Environment, Crop protection intensity [98]
Crop rotation [40,174,175]
Culture reside management [40]
Domestic biodiversity [40,176]
Ecosystem [61,68,177]
Emission of acidifying gasses [40]
Emission of greenhouse gasses [40,178-180]

COl
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Dimension Indicators References

Energy intensity [181-184]
Environment measure [40,185,186]
Farm structure [40,187,188]
Fertilizer use intensity [119,135,189,190]
Greenhouse gas emission intensity [191,192]
Importance of grasslands [40,193]
Land use and loss of biodiversity [6,194,195]
Livestock density [196,197]
Machine use [40,198,199]
Nitrogen farm-gate balance [40,200,201]
Non-renewable [61,202,203]
Operational model [40,68]

Environment Organic carbon indicator [40,204]
Organic fertilization [40,149,205]
Permanent grasslands [206,207]
Physical soil quality [40]
Pollution [6,208]
Renewable resources [61,209]
Resources [40,85]
Soil analysis [40,210]
Soil cover [40,199]
Soil health 61
Soil type [40]
Soil fertility [107]
Specific positive [40,211]
Water availability [6,212,213]

4. Discussion

This study aimed to find the indicators that improve sustainability in agriculture

systems based on previous studies. Ecological, economic, and social aspects are all part
of sustainable development. Despite some differences in detail, there are a number of
indicators available today that share a lot in common. By paying attention to our location,
land, products, etc., we can achieve sustainable development in agriculture.

Many researchers published papers in this area; however, based on Figure 4, which
shows that these articles have been conducted in different fields, research is needed to
collect all the parameters in one article. Researchers published in the sustainable agriculture
and ecosystem fields more than other fields. Indicators in these fields are more related to
pollution, soil condition, water condition, material of products, etc. Based on the results
of Figure 5, researchers pay attention to this topic after 2014. Moreover, the results show
that modern countries research agriculture sustainability more than other countries. These
countries investigate this field to improve sustainability; they care about environment and
acknowledge their responsibility to keep it clean and green. They work on indicators to
introduce a new paradigm then, in using this new paradigm, they can decrease their cost
and improve the profit. Figure 7 shows the most recommended indicators for sustainability
in agriculture.
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Figure 7. Most recommended indicators for sustainability in agriculture.

One of the most introduced indicators in this field is farmers’ right; improving farm-
ers living quality can have an effect on agriculture systems and then, with cooperation
with governments, they can improve sustainability in the country [214]. Employees also
important because if they cannot help you to apply the new methodology, the money and
time will be gone. So it is important to improve their skills in order to improve sustain-
ability [215]. It is possible to improve the product quality over its life cycle, resulting in a
decrease in product waste which, in turn, helps the customer to refrain from buying the
same product again, as well as saving raw materials from the farm and factory [216]. In the
economic dimension, the market is very important, as are customers. The market can lead
people to use green or organic products to make the society sustainable [217]. For example,
using recycle plastic bags for shopping and also returning plastic, cans, and glass is a good
way to recycle product. In addition, the technology is also very important, as we should
use technology to produce these recyclable products [218]. Furthermore, price can affect
customers’ behavior while shopping. The government can support the companies to lower
the final price in order that the customers can buy the recyclable products and save raw
materials and the environment [219]. A key indicator in the environment is farm structure
and soil material. Using the farm in a sustainable way is the beginning of sustainability in
the whole cycle of agriculture system. Soil fertilizer can affect human health, so farmers
must follow the government rules to use the permitted limit of fertilizer [220].

5. Conclusions and Future Research Areas

Researchers introduced many indicators during these years, and these indicators can
be grouped into three dimensions: economics, environment, and social. Different indicators
are used in different countries and regions, so it is difficult to collect all of them in one
study, and every year a new indicator is added to the sustainable agriculture field. In this
study, the leading indicators were found based on previous studies; in future research,
these indicators can be ranked and chosen for any parts of the agricultural process such
as finding stakeholders, the market, employment etc. Agriculture that can consistently
produce food and other resources for a population that is expanding worldwide is essential
to human existence and, by extension, to any human activity. The ability of agriculture
to meet human needs now and in the future, however, is threatened by a wide range of
issues, such as climate change, a high rate of biodiversity loss, land degradation due to
soil erosion, compaction, salinization, depletion and pollution of water resources, rising
production costs, a steadily declining number of farms, and, associated with this, poverty
and a decline in the rural population. Sustainable agriculture is a commitment to meeting
peoples’ present and long-term food and fiber needs while simultaneously improving the
living standards of farmers and wider society. All components of agriculture should adhere
to sustainability in order to achieve this. However, it is challenging to pinpoint indications
in this area. One of the keys to achieving sustainable agriculture is government support, as
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governments can help companies reduce their prices and make it easier for customers to
buy recyclable products. In addition, the government can assist farmers in improving their
skills through education on the farm and on the land.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Elawama, AS.A.B. The Influence of Natural and Human Factors on the Sustainability of Agriculture in Azzawia Libya; Universiti Sains
Malaysia Penang: Penang, Malaysia, 2016.

2. Devaux, A; Torero, M.; Donovan, J.; Horton, D. Agricultural Innovation and Inclusive Value-Chain Development: A Review. J.
Agribus. Dev. Emerg. Econ. 2018, 8,99-123. [CrossRef]

3. Maja, M.M,; Samuel, F.A. The Impact of Population Growth on Natural Resources and Farmers’ Capacity to Adapt to Climate
Change in Low-Income Countries. Earth Syst. Environ. 2021, 5, 271-283. [CrossRef]

4. Sarah, W.R.; Rubenstein, M.; Crozier, L.; Gaichas, S.; Griffis, R.; Halofsky, ].; Hyde, K.J.; Morelli, T.L.; Morisette, ].; Mufioz, R.
Climate Change Effects on Biodiversity, Ecosystems, Ecosystem Services, and Natural Resource Management in the United States.
Sci. Total Environ. 2020, 733,137782.

5. Nightingale, ].A ; Eriksen, S.; Taylor, M.; Forsyth, T.; Pelling, M.; Newsham, A.; Boyd, E.; Brown, K.; Harvey, B.; Jones, L. Beyond
Technical Fixes: Climate Solutions and the Great Derangement. Clin. Dev. 2020, 12, 343-352. [CrossRef]

6. Xin, Z; Yao, G; Vishwakarma, S.; Dalin, C.; Komarek, A.; Kanter, D.; Davis, K.F; Pfeifer, K.; Zhao, ].; Zou, T. Quantitative
Assessment of Agricultural Sustainability Reveals Divergent Priorities among Nations. One Earth 2021, 4, 1262-1277.

7.  Cinzia, C;Jayaraman, R.; Abdelaziz, F.B.; La Torre, D. Environmental Sustainability and Multifaceted Development: Multi-
Criteria Decision Models with Applications. Ann. Oper. Res. 2020, 293, 405-432.

8.  DiFazio, S.; Giuseppe, M. Historic Rural Landscapes: Sustainable Planning ies and Action Criteria. The Italian Experience
in the Global and European Context. Sustainability 2018, 10, 3834.

9. Lluis, S.-M.; Tomaino, L.; Dernini, S.; Berry, E.; Lairon, D.; de la Crugz, ].N.; Bach-Faig, A.; Donini, L.; Medina, F-X,; Belahsen, R.
Updating the Mediterranean Diet Pyramid Towards Sustainability: Focus on Environmental Concerns. Int. |. Environ. Res. Public
Health 2020, 17, 8758.

10.  Lanfranchi, M.; Giannetto, C.; Abbate, T.; Dimitrova, V. Agriculture and the Social Farm: Expression of the Multifunctional Model
of Agriculture as a Solution to the Economic Crisis in Rural Areas. Bulg. J. Agric. Sci. 2015, 21, 711-718.

11. Marc, M.; Duru, M.; Therond, O. A Social-Ecological Framework for Analyzing and Designing Integrated Crop-Livestock
Systems from Farm to Territory Levels. Renew. Agric. Food Syst. 2017, 32, 43-56.

12.  Trimmer, J.T; Daniel, C.M.; Jeremy, S.G. Resource Recovery from Sanitation to Enhance Ecosystem Services. Nat. Sustain. 2019, 2,
681-690. [CrossRef]

13.  Ben, P; Mao, Y,; Robinson, D. Three Pillars of Sustainability: In Search of Conceptual Origins. Sustain. Sci. 2019, 14, 681-695.

14.  Alain, P; Lefebvre, O.; Balogh, L.; Barberi, P; Batello, C.; Bellon, S.; Gaifami, T.; Gkisakis, V.; Lana, M.; Migliorini, P. A Green Deal
for Implementing Agroecological Systems: Reforming the Common Agricultural Policy of the European Union. Landbauforschung
2020, 70, 83-93.

15.  Hasanshahi, H.; Hooshang, I.; Ameri, Z.D.; Kh, K. Measure and Comparison of Economic, Social and Ecological Sustainability of
Farming Systems in the Marvdasht Plain. Desert 2015, 20, 231-239.

16. Komlavi, A.; Kabo-bah, A; Zwart, S. Agricultural Land Suitability Analysis: State-of-the-Art and Outlooks for Integration of
Climate Change Analysis. Agric. Syst. 2019, 173, 172-208.

17.  Ana, T; Marta-Costa, A.; Fragoso, R. Principles of Sustainable Agriculture: Defining Standardized Reference Points. Sustainability
2021, 13, 4086.

18.  Abhishek, R.; Jhariya, MK.; Khan, N.; Banerjee, A.; Meena, R.S. Ecological Intensification for Sustainable Development. In
Ecological Intensification of Natural Resources for Sustainable Agriculture; Springer: Berlin/Heidelberg, Germany, 2021; pp. 137-170.

19.  Khanh, C.N.T. Driving Factors for Green Innovation in Agricultural Production: An Empirical Study in an Emerging Economy. |.
Clean. Prod. 2022, 368, 132965. [CrossRef]

20. Adam, J.V; Aizen, M,; Cordeau, S.; Garibaldi, L.; Garratt, M.P.; Kovacs-Hostyanszki, A.; Lecuyer, L.; Ngo, H.; Potts, S.
Transformation of Agricultural Landscapes in the Anthropocene: Nature’s Contributions to People, Agriculture and Food
Security. In Advances in Ecological Research; Elsevier: Amsterdam, The Netherlands, 2020; pp. 193-253.

21.  Belay, B.S. Climate Change Vulnerability and Adaptation of Crop Producers in Sub-Saharan Africa: A Review on Concepts,

Approaches and Methods. Environ. Dev. Sustain. 2022, 14,1-35.



108

AUTHORG6S PUBLI CATI

ONS COl

Agriculture 2023, 13, 241 13 0f 19

22

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42

43.

44.

45.

46.

47.

48.

49.

50.

Rudi, H.; Wyseure, G.; Panagea, L.; Alaoui, A.; Reed, M.; Van Delden, H.; Muro, M.; Mills, ].; Oenema, O.; Areal, F. Soil-Improving
Cropping Systems for Sustainable and Profitable Farming in Europe. Land 2022, 11, 780.

Rachael, D.G.; Cammelli, E; Ferreira, |.; Levy, S.; Valentim, |.; Vieira, I. Forests and Sustainable Development in the Brazilian
Amazon: History, Trends, and Future Prospects. Annu. Rev. Environ. Resour. 2021, 46, 625-652.

Kumar, M.R.; Meena, R.; Naik, B.; Meena, B.; Meena, S. Organic Farming-Concept, Principles, Goals & as a Sustainable Agriculture:
A Review. Int. J. Chem. Stud. 2020, 8, 24-32.

De Corato, U. Agricultural Waste Recycling in Horticultural Intensive Farming Systems by on-Farm Composting and Compost-
Based Tea Application Improves Soil Quality and Plant Health: A Review under the Perspective of a Circular Economy. Sci. Total
Environ. 2020, 738, 139840. [CrossRef] [PubMed]

Fanelli, R M. The (Un) Sustainability of the Land Use Practices and Agricultural Production in Eu Countries. Int. |. Environ. Stud.
2019, 76, 273-294. [CrossRef]

Hansen, ].W. Is Agricultural Sustainability a Useful Concept? Agric. Syst. 1996, 50, 117-143. [CrossRef]

Fatima, A.-D.; Molinari, C. Interdisciplinarity: Practical Approach to Advancing Education for Sustainability and for the
Sustainable Development Goals. Int. ]. Manag. Educ. 2017, 15, 73-83.

Jianguo, L.; Hull, V; Godfray, C.; Tilman, D.; Gleick, P; Hoff, H.; Pahl-Wostl, C.; Xu, Z.; Chung, M.G.; Sun, ]. Nexus Approaches
to Global Sustainable Development. Nat. Sustain. 2018, 1, 466-476.

Nath, Y.A. Plant Microbiomes for Sustainable Agriculture: Current Research and Future Challenges. Plant Microbiomes Sustain.
Agric. 2020, 25, 475-482.

Yu, C;; Hu, W,; Chen, P; Ruan, R. Household Biogas Cdm Project Development in Rural China. Renew. Sustain. Energy Rev. 2017,
67,184-191.

Hung, N.-V,; Pham, G.; Lam, S.; Pham-Duc, P; Dinh-Xuan, T.; Jing, F.; Kittayapong, P; Adisasmito, W.; Zinsstag, J.; Grace, D.
International, Transdisciplinary, and Ecohealth Action for Sustainable Agriculture in Asia. Front. Public Health 2021, 9, 592311.
Beyuo, A. Ngo Grassroots Participatory Approaches to Promoting Sustainable Agriculture: Reality or Myth in Ghana’s Upper-
West Region? “ Renew. Agric. Food Syst. 2020, 35, 15-25. [CrossRef]

Sajid, S.; Grogkinsky, D. Tackling Salinity in Sustainable Agriculture—What Developing Countries May Learn from Approaches
of the Developed World. Sustainability 2019, 11, 4558.

Judith, J.; Mann, S.; Rist, S. Social Sustainability in Agriculture-a System-Based Framework. J. Rural Stud. 2019, 65, 32-42.

Golnaz, R.; Mohamed, Z.; Shamsudin, M.N. Can Halal Be inable? Study on Malaysian Cq ’ Perspective. J. Food Prod.
Mark. 2015, 21, 654-666.
Pamela, D.; Manfe, V.; R P. A Sy ic Li Review on Recent Lean Research: State-of-the-Art and Future

Directions. Int. |. Manag. Rev. 2018, 20, 579-605.

Di Cesare, S; Silveri, E; Sala, S.; Petti, L. Positive Impacts in Social Life Cycle Assessment: State of the Artand the Way Forward.
Int. . Life Cycle Assess. 2018, 23, 406-421. [CrossRef]

Jean-Pascal, G.; El Akremi, A.; Swaen, V.; Babu, N. The Psychological Microfoundations of Corporate Social Responsibility: A
Person-Centric Systematic Review. J. Organ. Behav. 2017, 38, 225-246.

Lebacq, T; Baret, P.V.; Stilmant, D. Sustainability Indicators for Livestock Farming. A Review. Agron. Sustain. Dev. 2013, 33,
311-327. [CrossRef]

Van Cauwenbergh, N.; Biala, K,; Charles, B.; Brouckaert, V.; Franchois, L.; Garcia Cidad, V.; Martin, H.; Erik, M.; Bart, M.;
Reijnders, ]. Safe—A Hierarchical Framework for Assessing the Sustainability of Agricultural Systems. Agric. Ecosyst. Environ.
2007, 120, 229-242. [CrossRef]

Van Calker, K.J.; Berentsen, P.B.M.; De Boer, 1.].M.; Giesen, G.W.J.; Huirne, R.B.M. Modelling Worker Physical Health and Societal
Sustainability at Farm Level: An Application to Conventional and Organic Dairy Farming. Agric. Syst. 2007, 94, 205-219.
[CrossRef]

Rachel, A.B.; Al Kareem Yehya, A.; Zurayk, R. Digitalization for Sustainable Agri-Food Systems: Potential, Status, and Risks for
the Mena Region. Sustainability 2021, 13, 3223.

Rosenberg, M.N. What Matters? The Role of Values in Transformations toward inability: A Case Study of Coffee Production
in Burundi. Sustain. Sci. 2022, 17, 507-518. [CrossRef]
Osazefua Imh be, |. Managers’ Financial Practices and Financial Sustainability of Nigerian Manufacturing Companies:

Which Ratios Matter Most? “ Cogent Econ. Financ. 2020, 8, 1724241. [CrossRef]

Taugqir, A.; Bhatti, A.A. Measurement and Determinants of Multi-Factor Productivity: A Survey of Literature. . Econ. Surv. 2020,
34,293-319.

Mariia, K; Pigosso, D.C.; McAloone, T. Towards the Ex-Ante Sustainability Screening of Circular Economy Initiatives in Manufacturing
Companies: Consolidation of Leading Sustainability-Related Performance Indicators. J. Clean. Prod. 2019, 241, 118318.

Hans, V,; Reijs, J.; Dijkshoorn-Dekker, M. Towards Sustainable and Circular Farming in the Netherlands: Lessons from the Socio-Economic
Perspective; Wageningen Economic Research: Wageningen, The Netherlands, 2020.

Yingqun, M.; Liu, Y. Turning Food Waste to Energy and Resources Towards a Great Environmental and Economic Sustainability:
An Innovative Integrated Biological Approach. Biotechnol. Adv. 2019, 37, 107414.

Jan Christian, K;; Wulf, C.; Zapp, P. Environmental Impacts of Power-to-X Systems-a Review of Technological and Methodological
Choices in Life Cycle Assessments. Renew. Sustain. Energy Rev. 2019, 112, 865-879.



AUTHORGS PUBLI CATI ONS COLLECTI ON

109

Agriculture 2023, 13, 241 14 0f 19

51.  Foster, G. Circular Economy Strategies for Adaptive Reuse of Cultural Heritage Buildings to Reduce Environmental Impacts.
Resour. Conserv. Recycl. 2020, 152, 104507. [CrossRef]

52. Pierre, C.; Mubaya, C.; Descheemaeker, K.; Obom, 1.; Bergkvist, G. Avenues for Improving Farming Sustainability Assessment
with Upgraded Tools, Sustainability Framing and Indicators. A Review. Agron. Sustain. Dev. 2021, 41, 1-20.

53. Celina, S.; Prost, M.; Cerf, M.; Prost, L. Exchanges among Farmers” Collectives in Support of Sustainable Agriculture: From
Review to Reconceptualization. J. Rural Stud. 2021, 83, 268-278.

54.  Kumar, P.M. Site Suitability Analysis for Agricultural Land Use of Darjeeling District Using Ahp and Gis Techniques. Model.
Earth Syst. Environ. 2016, 2, 1-22. [CrossRef]

55.  Gurkan, B.; Mumusoglu, S.; Zengin, D.; Karabulut, E.; Yildiz, B.O. The Prevalence and Phenotypic Features of Polycystic Ovary
Syndrome: A Systematic Review and Meta-Analysis. Hum. Reprod. 2016, 31, 2841-2855.

56. lleana, I; Angevin, E; Bockstaller, C.; Catarino, R; Curran, M.; Messéan, A.; Schader, C.; Stilmant, D.; Van Stappen, F; Vanhove, P.
An Actor-Oriented Multi-Criteria Assessment Framework to Support a Transition Towards Sustainable Agricultural Systems
Based on Crop Diversification. Sustainability 2020, 12, 5434.

57.  Arun, K-C.;Pant, A.; Aggarwal, P; Vasireddy, V.V,; Yadav, A. Stakeholders Prioritization of Climate-Smart Agriculture Interven-
tions: Evaluation of a Framework. Agric. Syst. 2019, 174, 23-31.

58. Valdivia, RO.; Tui, HKS.; Antle, ].M.; Subash, N.; Singh, H.; Nedumaran, S.; Hathie, I.; Ashfaq, M.; Nasir, J.; Vellingiri, G.; et al.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.
77.

Representative Agricultural Pathways: A Multi-Scale Foresight Process to Support Transformation and Resilience of Farming
Systems. In Handbook Of Climate Change And Agroecosystems—Climate Change And Farming System Planning In Africa And South
Asia: Agmip Stakeholder-driven Research (In 2 Parts); Rosenzweig, C., Mutter, C.Z., Contreras, E.M., Eds.; World Scientific: Singapore,
2021; Volume 5, pp. 47-102.

Indre, S.-B; Streimikiene, D.; Balezentis, T.; Skulskis, V. A Systematic Literature Review of Multi-Criteria Decision-Making
Methods for Sustainable Selection of Insulation Materials in Buildings. Sustainability 2021, 13, 737.

Sarkar, D.; Kar, SK.; Chattopadhyay, A.; Rakshit, A.; Tripathi, VK.; Dubey, P.K.; Abhilash, P.C. Low Input Sustainable Agriculture:
A Viable Climate-Smart Option for Boosting Food Production in a Warming World. Ecol. Indic. 2020, 115, 106412. [CrossRef]
Sheng, T.Y.; Li, E.; Bruwer, ].; Abdullah, A.; Cummins, J.; Radam, A.; Ismail, M.; Darham, S. Refining the Definition of Sustainable
Agriculture: An Inclusive Perspective from the Malaysian Vegetable Sector. Magjo Int. |. Sci. Technol. 2012, 6, 379-396.

Julie, I; Maye, D.; Kirwan, J.; Curry, N.; Kubinakova, K. Interactions between Niche and Regime: An Analysis of Learning and
Innovation Networks for Sustainable Agriculture across Europe. J. Agric. Educ. Ext. 2015, 21, 55-71.

Thanh, N.; Nguyen, H.; Ho, H.; Nguyen, V.; Dao, T.T.; Nguyen, H.T. Assessing the Important Factors of Sustainable Agriculture
Development: An Indicateurs De Durabilité Des Exploitations Agricoles-Analytic Hierarchy Process Study in the Northern
Region of Vietnam. Sustain. Dev. 2021, 29, 327-338.

Laure, L.; Diazabakana, A.; Bockstaller, C.; Desjeux, Y.; Finn, J.; Kelly, E.; Ryan, M.; Uthes, S. Measurement of Sustainability in
Agriculture: A Review of Indicators. Stud. Agric. Econ. 2016, 118,123-130.

Alda, M.; Musaraj, A. inable Rural Develop and the Effects of Education, Demography and Access in the Agricultural
Sector Structure and Efficiency. In Proceedings of the Paper presented at the CBU International Conference Proceedings 2019,
Prague, Czech, 20-22 March 2019.

Eshiet, I.; Ghose, B.; Owolabi, T.; Sanni, Y. Africa’s Demographic Structure and Achievement of Sustainable Development Goals
1-3. Development 2021, 4, 73-86.

Patil, D.A. The Dep isation and Feminisation of Agriculture: Analysing Present and Exploring the Future Scenarios for
Sustainable Agriculture in India. Asian |. Res. Soc. Sci. Humanit. 2017, 7, 79-87.

Jiao, H.; Tichit, M.; Poulot, M.; Darly, S.; Li, S.; Petit, C.; Aubry, C. Comparative Review of Multifunctionality and Ecosystem
Services in Sustainable Agriculture. |. Environ. Manag. 2015, 149, 138-147.

Elisa, P.; Bedini, S. Enhancing Ecosystem Services in Sustainable Agriculture: Biofertilization and Biofortification of Chickpea
(Cicer Arietinum L.) by Arbuscular Mycorrhizal Fungi. Soil Biol. Biochem. 2014, 68, 429-439.

Christopher, D.M.; Hendrickson, M.; Siegel, M. Sociocultural Tensions and Wicked Problems in Sustainable Agriculture Education.
Agric. Hum. Values 2017, 34, 591-606.

Inga, C.M.; Newig, |. Governing Transitions Towards Sustainable Agriculture—Taking Stock of an Emerging Field of Research.
Sustainability 2021, 13, 528.

Syuaib, M.E Sustainable Agriculture in Indonesia: Facts and Challenges to Keep Growing in Harmony with Environment. Agric.
Eng. Int. CIGR ]. 2016, 18, 170-184.

Yonjoo, C.; Park, J.; Ju, B.; Han, S.J.; Moon, H.; Park, S.; Ju, A.; Park, E. Women Leaders” Work-Life Imbalance in South Korean
Companies: A Collaborative Qualitative Study. Hum. Resour. Dev. Q. 2016, 27, 461-487.

Dong, Y; Jia, Z.; Xue, ]; Sun, H.; Gui, D; Liu, Y.; Zeng, X. Inter-Regional Coordination to Improve Equality in the Agricultural
Virtual Water Trade. Sustainability 2018, 10, 4561.

Correa, C.M. Implementing Farmers’ Rights Relating to Seeds. Res. Pap. 2017, 75, 1-25.

Peschard, K. Farmers’ Rights and Food Sovereignty: Critical Insights from India. . Peasant Stud. 2014, 41, 1085-1108. [CrossRef]
Kimberly, B.; Schirmer, J.; Upton, P. Regenerative Farming and Human Wellbeing: Are Subjective Wellbeing Measures Useful
Indicators for Sustainable Farming Systems? Environ. Sustain. Indic. 2021, 11, 100132,




110

AUTHORG6S PUBLI CATI

ONS COl

Agriculture 2023, 13, 241 150f19

78.  Abhishek, B.; Jha, U.C.; Godwin, L; Varshney, R. K. Genomic Interventions for Sustainable Agriculture. Plant Biotechnol. |. 2020, 18,
2388-2405.

79. Christian, G.; Baeumner, A. Biosensors to Support Sustainable Agriculture and Food Safety. TrAC Trends Anal. Chem. 2020, 128, 115906.

80. Sara, N.G.; Osburn, B.; Jay-Russell, M. One Health for Food Safety, Food Security, and Sustainable Food Production. Front. Sustain.
Food Syst. 2020, 1. [CrossRef]

81. Rasul, G. A Framework for Addressing the Twin Challenges of Covid-19 and Climate Change for Sustainable Agriculture and
Food Security in South Asia. Front. Sustain. Food Syst. 2021, 5, 679037. [CrossRef]

82.  Wael, M.S.; Beheiry, H.; Sétamou, M.; Simpson, C.; EI-Mageed, T.A.; Rady, M.; Nelson, S. Biochar Implications for Sustainable
Agriculture and Environment: A Review. South Afr. |. Bot. 2019, 127, 333-347.

83. Pandey, G. Challenges and Future Prospects of Agri-Nanotechnology for Sustainable Agriculture in India. Environ. Technol. Innov.
2018, 299-307. [CrossRef]

84. Kahtani, A.L.; Muneera, D.F.; Amr, F; Kotb, A.A.; Fahad, A.-O.; Ahmed, M.LE.; Emad, E.-D.; Ewais, M.H.; St-Arnaud, M.; Saad,
E.-D.H,; et al. Isolation and Characterization of Plant Growth Promoting Endophytic Bacteria from Desert Plants and Their
Application as Bioinoculants for Sustainable Agriculture. Agronomy 2020, 10, 1325.

85. Tiziana, U.; Diazgranados, M.; Pironon, S;; Padulosi, S.; Liu, U.; Davies, L.; Howes, M.; Borrell, J.; Ondo, I.; Pérez-Escobar, O.
Unlocking Plant Resources to Support Food Security and Promote Sustainable Agriculture. Plants People Planet 2020, 2, 421-445.

86. Alexandre, D.; Carson, D. Sustainable Agriculture and Multifunctionality in South Australia’s Mid North Region. Aust. Geogr.
2020, 51, 509-534.

87. Jennifer, H.; Barreteau, O.; Allen, C.; Magda, D. Managing Adaptively for Multifunctionality in Agricultural Systems. J. Environ.
Manag. 2016, 183, 379-388.

88. Sarah, V;; Leventon, J.; Jager, N.; Newig, ]. What Is Sustainable Agriculture? A Sy ic Review. inability 2015, 7, 7833-7865.

89. Burlakoti, M.; Rajbhandari, B.P. Sustainable Agriculture: Marketing Opportunities for the Products Grown with Ipm in Terai
Districts. Nepal. J. Agric. Sci. 2016, 14,175-182.

90.  Arnesh, T.; Dhamija, P. The Iot Research in Sustainable Agricultural Supply Chain Management: A Conceptual Framework. Int. J.
E-Entrep. Innov. (IJEEI) 2019, 9, 1-14.

91.  Ashar, AM.,; Usman, M.; Faiz, T.; Umair, M.; Rizwan, M.; Alj, S.; Rehman, M.Z. Restoration of Degraded Soil for Sustainable
Agriculture. In Soil Health Restoration and Management; Springer: Berlin/ Heidelberg, Germany, 2020; pp. 31-81.

92.  Madiasworo, T. An Integrated and Sustainable Infrastructure Development to Improve the Quality of Rural Area in Peri-Urban.
In Proceedings of the Paper p d at the IOP Confe e Series: Earth and Environmental Science 2018, Surabaya, Indonesia,
18 October 2017.

93.  Mohan, SM.; Soni, G; Jain, R.; Sharma, M.K; Yadav, V. A Framework for Managing the Agri-Fresh Food Supply Chain Quality in
Indian Industry. Manag. Environ. Qual. Int. |. 2020, 32, 436-451.

94.  Aithal, PS,; Shubhrajyotsna, A. Study of Various General-Purpose Technologies and Their Comparison Towards Developing

95.

96.
9z

98.

99.

Sustainable Society. Int. |. Manag. Technol. Soc. Sci. (I]MTS) 2018, 3, 16-33. [CrossRef]

Sudsawasd, S.; Charoensedtasin, T.; Pholphirul, P. Does International Trade Enable a Country to Achieve Sustainable Development
Goals? Empirical Findings from Two Research Methodologies. Int. J. Sustain. Dev. World Ecol. 2020, 27, 405-418. [CrossRef]
Fullard, J. Relative Wages and Pupil Performance, Evidence from Timss. ISER Work. Pap. Ser. 2021, 7, 1-56.

David, S.; Carr, ].; Dell’Angelo, J.; D’Odorico, P; Fader, M.; Gephart, ].; Kummu, M.; Magliocca, N.; Porkka, M.; Puma, M.; et al.
Resilience in the Global Food System. Environ. Res. Lett. 2017, 12, 025010.

Artiom, V.; Morkunas, M.; Balezentis, T; Streimikiene, D. Are Agricultural Sustainability and Resilience Complementary Notions?
Evidence from the North European Agriculture. Land Use Policy 2022, 112, 105791.

Colnago, P; Dogliotti, S. Introducing Labour Productivity Analysis in a Co-Innovation Process to Improve Sustainability in Mixed
Family Farming. Agric. Syst. 2020, 177, 102732. [CrossRef]

. Gholamhossein, A.; Sharifzadeh, M.S.; Damalas, C. Perceptions of the Beneficial and Harmful Effects of Pesticides among Iranian

Rice Farmers Influence the Adoption of Biological Control. Crop Prot. 2015, 75, 124-131.

. Sharif, S.M.; Abdollahzadeh, G.; Damalas, C.; Rezaei, R.; Ahmadyousefi, M. Determinants of Pesticide Safety Behavior among

Iranian Rice Farmers. Sci. Total Environ. 2019, 651, 2953-2960.

. Deepak, G.P; Jhala, Y.; Shelat, H.; Vyas, R. Nanoparticles: The Next Generation Technology for Sustainable Agriculture. In

Microbial Inoculants in Sustainable Agricultural Productivity; Springer: Berlin/ Heidelberg, Germany, 2016; pp. 289-300.

. Sharma, K.K,; Singh, U S.; Pankaj, S.; Ashish, K.; Lalan, S. Seed Treatments for Sustainable Agriculture-a Review. J. Appl. Nat. Sci.

2015, 7, 521-539. [CrossRef]

. Wynne, W.; Annes, A. Farm Women and the Empowerment Potential in Value-Added Agriculture. Rural Sociol. 2016, 81, 545-571.
. Annet, A M.; Jogo, W.; Damtew, E.; Mekonnen, K.; Thorne, P. Women Farmers’ Participation in the Agricultural Research Process:

Implications for Agricultural Sustainability in Ethiopia. Int. |. Agric. Sustain. 2019, 17, 127-145.

. Gosetti, G. Sustainable Agriculture and Quality of Working Life: Analytical Perspectives and Confirmation from Research.

Sustainability 2017, 9, 1749. [CrossRef]

. Mohammad, R.; Pratiwi, P.A.; Handini, V.T.; Sunartomo, A.F; Budiman, S.A. Agricultural Land Conversion, Land Economic

Value, and Sustainable Agriculture: A Case Study in East Java, Indonesia. Land 2018, 7, 148.



AUTHORGS PUBLI CATI ONS COLLECTI ON

111

Agriculture 2023, 13, 241 16 of 19

110.

111.

112.

113.

114.

115.

116.

117.

118.
119.

120.

121.

123.
124

126.

127.
128.

129.

131

132

135.

136.

137.

. Mahbubur, RM.; Hoover, B.M. Community Food Security Via Urban Agriculture: Understanding People, Place, Economy, and

Accessibility from a Food Justice Perspective. |. Agric. Food Syst. Community Dev. 2012, 3, 143-160.

. Xingyi, Z.; Zhang, P; Zhao, F; Yu, G. Super Moisture Absorbent Gels for Sustainable Agriculture Via Atmospheric Water

Irrigation. ACS Mater. Lett. 2020, 2, 1419-1422.

Tomas, B.; Li, T.; Chen, X. Has Agricultural Labor Restructuring Improved Agricultural Labor Productivity in China? A
Decomposition Approach. Socio-Econ. Plan. Sci. 2021, 76, 100967

Lijing, Z.; Hong, M.; Guo, X.; Qian, W. How Does Land Rental Affect Agricultural Labor Productivity? An Empirical Study in
Rural China. Land 2022, 11, 653.

David, C.; Wei, |.; Yan, T,; Guanghui, Y.; Qirong, S.; Qing, C. Improving Manure Nutrient M. 1t Towards
Agricultural Intensification in China. Agric. Ecosyst. Environ. 2015, 209, 34-46.

Manikant, T.; Kumar, S.; Kumar, A, Tripathi, P; Kumar, S. Agro-Nanotechnology: A Future Technology for Sustainable
Agriculture. Int. J. Curr. Microbiol. Appl. Sci. 2018, 196-200.

Maria, D-S,; Diz, H. Towards Sustainability in European Agricultural Firms. In Advances in Human Factors, Business Management
and Society. AHFE 2018. Advances in Intelligent Systems and Computing; Kantola, J.I, Nazir, S., Barath, T., Eds.; Springer Cham:
Midtown Manhattan, NY, USA, 2019; Volume 783, pp. 161-168.

Bazyli, C.; Matuszczak, A. A New Land Rent Theory for Sustainable Agriculture. Land Use Policy 2016, 55, 222-229.

Boris, A.K.; Chernova, V.Y. Sustainable Agriculture in Russia: Research on the Dynamics of Innovation Activity and Labor
Productivity. Entrep. Sustain. Issues 2019, 7, 814.

Qian, Z,; Sun, Z.; Wu, E; Deng, X. Understanding Rural Restructuring in China: The Impact of Changes in Labor and Capital
Productivity on Domestic Agricultural Production and Trade. J. Rural Stud. 2016, 47, 552-562.

Robertson, G.P. A Sustainable Agriculture? Daedalus 2015, 144, 76-89. [CrossRef]

Ramesh, R.; Saharan, V.; Dimkpa, C.; Biswas, P. Nanofertilizer for Precision and Sustainable Agriculture: Current State and Future
Perspectives. |. Agric. Food Chen. 2017, 66, 6487-6503.

Shingo, Y.; Yagi, H.; Kiminami, A.; Garrod, G. Farm Diversification and Sustainability of Multifunctional Peri-Urban Agriculture:
Entrepreneurial Attributes of Advanced Diversification in Japan. Sustainability 2019, 11, 2887.

Mirostaw, B.; Jezierska-Thole, A.; Rudnicki, R. The Impact of Rdp Measures on the Diversification of Agriculture and Rural
Development—Seeking Additional Livelihoods: The Case of Poland. Agriculture 2021, 11, 253.

bl

. Worku, K.G. Agroforestry and Farm Income Diversification: Synergy or Trade-Off? The Case of Ethiopia. Environ. Syst. Res. 2018, 6,

1-14.

Stefan, B.; Knific, K. Farm Household Income Diversification as a Survival Strategy. Sustainability 2021, 13, 6341.

Faisal, Z.; Navarro, M.; Ashraf, M.; Akram, N.A ; Munné-Bosch, S. Nanofertilizer Use for Sustainable Agriculture: Advantages
and Limitations. Plant Sci. 2019, 289, 110270.

. Xianhua, T.; Na, S.; Guo, L; Chen, |.; Ruan, Z. External Financing Efficiency of Rural Revitalization Listed Companies in

China—Based on Two-Stage Dea and Grey Relational Analysis. Sustainability 2019, 11, 4413,

Wale, E; Chipfupa, U. Entrepreneurship Concepts /Theories and Smallholder Agriculture: Insights from the Literature with
Empirical Evidence from Kwazulu-Natal, South Africa. Trans. R. Soc. South Afr. 2021, 76, 67-79. [CrossRef]

Wang, G; Shi, R.; Mi, L.; Hu, J. Agricultural Eco-Efficiency: Challenges and Progress. Sustainability 2022, 14, 1051. [CrossRef]
Miguel, A.A; Nicholls, C.; Montalba, R. Technological Approaches to Sustainable Agriculture ata Crossroads: An Agroecological
Perspective. Sustainability 2017, 9, 349.

Rishikesh, S.; Singh, H.; Raghubanshi, A.S. Challenges and Opportunities for Agricultural Sustainability in Changing Climate
Scenarios: A Perspective on Indian Agriculture. Trop. Ecol. 2019, 60, 167-185.

. Enric, T,; Galan, E.; Sacristan, V.; Cunfer, G.; Guzman, G.; de Molina, G.; Krausmann, F; Gingrich, S.; Padré, R.; Marco, I. Opening

the Black Box of Energy Throughputs in Farm Systems: A Decomposition Analysis between the Energy Returns to External
Inputs, Internal Biomass Reuses and Total Inputs Consumed (the Vallés County, Catalonia, C. 1860 and 1999). Ecol. Econ. 2016,
121, 160-174.

Laura, P-M.; Galdeano-Goémez, E.; Pérez-Mesa, |. Is Sustainability Compatible with Profitability? An Empirical Analysis on
Family Farming Activity. Sustainability 2016, 8, 893.

Ioannis, M.; darakani, B.; Anastasiadis, F; Ali, B. A Fi k for Food Security Via Resilient Agri-Food Supply Chains: The
Case of Uae. Sustainability 2022, 14, 6375.

. Maijid, S.-].; Cai, X. Reducing Food Loss and Waste to Enhance Food Security and Environmental Sustainability. Environ. Sci.

Technol. 2016, 50, 8432-8443.

. Shahla, M.W.; Martinez, N. Conserving Natural Resources through Food Loss Reduction: Production and Consumption Stages of

the Food Supply Chain. Int. Soil Water Conserv. Res. 2018, 6, 331-339.

Thomas, S.J.; Snapp, S.; Place, F; Sitko, N. Sustainable Agricultural Intensification in an Era of Rural Transformation in Africa.
Glob. Food Secur. 2019, 20, 105-113.

Nin-Pratt, A. Agricultural R&D Investment Intensity: A Misleading Conventional M and a New Intensity Index. Agric.
Econ. 2021, 52, 317-328.

Alisa, M.A; Anasovna, S.G.; Alfirovna, Z.Z. Factors and Reserves of Increase of Efficiency of Agricultural Production. Int. J. Appl.
Eng. Res. 2017, 12, 15821-15829.




112

AUTHORG6S PUBLI CATI

ONS COl

Agriculture 2023, 13, 241 17 of 19

138.

139.

140.

141.

151.

152.

153.

154.
155.

157.

158.
159.

161.

162.

Dorward, A. Agricultural Labour Productivity, Food Prices and Sustainable Development Impacts and Indicators. Food Policy
2013, 39, 40-50. [CrossRef]

Marius, C.; Radulescu, LD.; Andrei, J.V.; Chivu, L.; Erokhin, V.; Gao, T. A Perspective on Agricultural Labor Productivity and
Greenhouse Gas Emissions in Context of the Common Agricultural Policy Exigencies. Econ. Agric. 2021, 68, 53-67.

Oliver, T.C.; Barham, B.; MacDonald, G.; Ramankutty, N,; Chavas, J.-P. Leveraging Total Factor Productivity Growth for
Sustainable and Resilient Farming. Nat. Sustain. 2019, 2, 22-28.

Deng, X.; Gibson, J. Improving Eco-Efficiency for the Sustainable Agricultural Production: A Case Study in Shandong, China.
Technol. Forecast. Soc. Change 2019, 144, 394-400. [CrossRef]

. Vladimir, T, Ivolga, A.; Lescheva, M. Enhancement of Land Tenure Relations as a Factor of inable Agricultural Development:

Case of Stavropol Krai, Russia. Sustainability 2014, 7, 164-179.

. Alexander, Z.; Esteves, M.; Baur, L; Lips, M. Financial Ratios as Indicators of Economic St inability: AQ itative Analysis for

Swiss Dairy Farms. Sustainability 2018, 10, 2942.

. Woldegebrial, Z.; Van Huylenbroeck, G.; Tesfay, G.; Speelman, S. Smallholder Farmers’ Behavioural Intentions Towards Sustain-

able Agricultural Practices. J. Environ. Manag. 2017, 187, 71-81.

. Vine, M.; Hoag, D.; Pendell, D. The Adoption of Sustainable Agricultural Practices by Smallholder Farmers in Ethiopian

Highlands: An Integrative Approach. Cogent Food Agric. 2018, 4, 1552439.

. Bekele, S.; Hellin, J.; Muricho, G. Improving Market Access and Agricultural Productivity Growth in Africa: What Role for

Producer Organizations and Collective Action Institutions? Food Secur. 2011, 3, 475-489.

. Nakelet, O.H.; Isubikalu, P.; Obaa, B.B.; Ebanyat, P. Influence of University Entrepreneurship Training on Farmers’ Competences

for Improved Productivity and Market Access in Uganda. Cogent Food Agric. 2018, 4, 1469211.

. Kopper, S.A.; Thomas, SJ. Market Access, Agro-Ecological Conditions, and Boserupian Agricultural Intensification Patterns in

Kenya: Implications for Agricultural Programs and Research. World Dev. 2019, 124, 104649. [CrossRef]

. Belén, M-A ; Martinez-Cuenca, M.-R.; Bermejo, A; Legaz, F; Quinones, A. Liquid Organic Fertilizers for Sustainable Agriculture:

Nutrient Uptake of Organic Versus Mineral Fertilizers in Citrus Trees. PLoS ONE 2016, 11, €0161619.

. Julia, D.; Miteva, A.; Zaimova, D. Determinants and Directions of the Transition from Traditional to Sustainable Agriculture: The

Bulgarian Case. In Proceedings of the CBU International Conference Proceedings 2019, Prague, Czech Republic, 20-22 March
2019; Volume 7, pp. 75-80.

Maja, Z.; Prevolsek, B,; Pazek, K.; Rozman, C.; Skraba, A. Developing a Diversification Strategy of Non-Agricultural Activities on
Farms Using System Dynamics Modelling: A Case Study of Slovenia. Kybernetes 2021, 51, 33-56.

Alicia, M.-R; Izquierdo, R.S. Risk Management Tools for Sustainable Agriculture: A Model for Calculating the Average Price for
the Season in Revenue Insurance for Citrus Fruit. Agronomy 2020, 10, 198.

Boban, M.; Cirovi¢, D.; Backovic-Vuli¢, T,; Dudi¢, B.; Gubiniova, K. Attracting Green Consumers as a Basis for Creating Sustainable
Marketing Strategy on the Organic Market—Relevance for Sustainable Agriculture Business Development. Foods 2020, 9, 1552.

Poveda, J. Insect Frass in the Development of Sustainable Agriculture. A Review. Agron. Sustain. Dev. 2021, 41, 1-10. [CrossRef]

Vibha, N.; Choudhary, M. A Review on Plant Growth Promoting Rhizobacteria Acting as Bioinoculants and Their Biological
Approach Towards the Production of Sustainable Agriculture. J. Appl. Nat. Sci. 2015, 7, 540-556.

. Deepranjan, S.; Kar, S.K.; Chattopadhyay, A.; Rakshit, A; Tripathi, V.K.; Dubey, PK.; Abhilash, P.C. Low Input Sustainable

Agriculture: A Viable Climate-Smart Option for Boosting Food Production in a Warming World. Ecol. Indic. 2020, 115, 106412.

Hanuman.SJ Choudhary K. Nandal, D; Yadav, A.K; Poonia, T; Singh, Y.; Sharma, P; Jat, M.L. Conservation Agriculture-Based
i I ification of Cereal Sy Leads to Energy Conservation, Higher Productivity and Farm Profitability. Environ.

Manag. 2020, 65, 774-786.

Sheng, T.Y.; Brindal, M. Factors Influencing Farm Profitability. Sustain. Agric. Rev. 2015, 15, 235-255.

Daniela, S. Profitability in the Context of the Needs and Requirements of Sustainable Farms Development. Sci. Pap. Ser. Manag.

Econ. Eng. Agric. Rural Dev. 2015, 15, 467-472.

. Scown, M.W.; Mark, VB.; Kimberly, AN. Billions in Misspent Eu Agricultural Subsidies Could Support the Sustainable

Development Goals. One Earth 2020, 3, 237-250. [CrossRef]

Hadi, V; Liaghati, H.; Alipour, A. Developing an Ethics-Based Approach to Indicators of Sustainable Agriculture Using Analytic
Hierarchy Process (Ahp). Ecol. Indic. 2016, 60, 644-654.

Gabriel, AS.; Nucu, A.E.A. The Impact of Working Capital Management on Firm Profitability: Empirical Evidence from the
Polish Listed Firms. . Risk Financ. Manag. 2020, 14, 9.

. Jainendra, P; Maurya, P; Singh, S.; Hader, D.-P.; Sinha, R. Cyanobacterial Farming for Environment Friendly Sustainable

Agriculture Practices: Innovations and Perspectives. Front. Environ. Sci. 2018, 6,7.

. Bijesh, M.; Gyawali, B.; Paudel, K.; Poudyal, N.; Simon, M.; Dasgupta, S.; Antonious, G. Adoption of Sustainable Agriculture

Practices among Farmers in Kentucky, USA. Environ. Manag. 2018, 62, 1060-1072.

. Nath, Y.A.; Kumar, R;; Kumar, S.; Kumar, V,; Sugitha, T.; Singh, B.; Chauahan, V.S.; Dhaliwal, HS.; Saxena, A.K. Beneficial

Microbiomes: Biodiversity and Potential Biotechnological Applications for Sustainable Agriculture and Human Health. ]. Appl.
Biol. Biotechnol. 2017, 5,4-7.



AUTHORGS PUBLI CATI ONS COLLECTI ON 113

















































































https://doi.org/10.1002/sd.2993
















































https://doi.org/10.1002/sd.3529


























































	Blank Page

