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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, integrating 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 with region-specific data and stakeholder input. This 

research develops an integrated methodology for gap-filling to identify, evaluate, 

and prioritise sustainability indicators, and to develop the indicators across the 

economic, environmental, and social domains.  

The work comprises four interconnected pieces of research. 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 Meta-Analyses) protocols identified 101 indicators, which will serve 

as a basis for the subsequent analyses. Second, a focused review of the conjunc-

tion of renewable energy and agriculture identified 84 indicators and 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) method for the first time to rank 

sustainability indicators in the Baltic States, integrating expert opinions with Eu-

rostat statistical data. The assessment examined the environmental priorities of 

soil health, water and fertiliser management, and the social and economic dimen-

sions. Finally, eleven economic indicators identified through the Delphi and the 

BestïWorst Method (BWM) were selected and ranked, and investment intensity, 

income diversification, labour productivity, and market access were found to be 

the most important economic indicators of agricultural sustainability.  

The studies allow for drawing up evidence-based policy formulation and stra-

tegic planning. The dissertation presents a new model for evaluating sustainable 

agriculture. It provides a practical, regionally specific, and empirically precise un-

derstanding of the sustainability problem. The framework helps policy makers, 

researchers, and practitioners, particularly in post-transition economies, identify 

areas that require intervention and investment, such as Lithuania, Latvia, and Es-

tonia. The adaptability of this work to other parts of the world facing the same 

problem is a means of assisting countries in achieving sustainable agricultural de-

velopment through economic evaluation. 
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Reziumǟ 

Disertacijoje nagrinǟjamas ģemǟs Ȋkio sektoriaus ekonominis vertinimas plates-

niame tvarumo kontekste, ypatingŃ dǟmesǱ skiriant Baltijos ġalims. Ģemǟs Ȋkis ir 

toliau atlieka pagrindinǱ vaidmenǱ kaimo ekonomikose ir maisto saugumo uģtik-

rinime, tad tvarumo principȎ integravimas Ǳ ekonominǱ vertinimŃ tampa vis svar-

besnis. Nepaisant daugybǟs tyrimȎ apie tvarȎ ģemǟs ȊkǱ, vis dar trȊksta iġsamiȎ 

sistemȎ, kurios derintȎ daugiamaļius rodiklius su regioniniais duomenimis ir 

suinteresuotȎjȎ ġaliȎ nuomonǟmis. Ġis tyrimas sprendģia ġiŃ spragŃ, sukuriant in-

tegruotŃ metodologijŃ tvarumo rodikliams nustatyti, vertinti ir prioritetizuoti eko-

nominiu, aplinkosauginiu ir socialiniu aspektais. 

Darbas susideda iġ keturiȎ tarpusavyje susijusiȎ tyrimȎ. Pirmajame, taikant 

SALSA (paieġka, vertinimas, sintezǟ ir analizǟ) ir PRISMA (pageidaujami atas-

kaitȎ elementai sisteminǟms apģvalgoms ir metaanalizǟms) protokolus, atlikta sis-

teminǟ literatȊros apģvalga, kurioje nustatytas 101 tvarumo rodiklis, sudarantis 

platȎ pagrindŃ tolesnei analizei. Antrajame tyrime, orientuotame Ǳ atsinaujinan-

ļios energijos ir ģemǟs Ȋkio sŃveikŃ, nustatyti 84 svarbȊs rodikliai, pabrǟģiantys 

energijos vartojimo efektyvumo ir iġtekliȎ ģiediġkumo reikġmň tvariai ģemdirbys-

tei. Treļiajame tyrime taikytas TOPSIS (Pirmenybǟs tvarkos pagal panaġumŃ Ǳ 

idealȎ sprendimŃ technika) metodas tvarumo rodikliams Baltijos ġalyse reitin-

guoti, derinant ekspertȎ vertinimus su statistiniais EUROSTAT duomenimis. Ġis 

vertinimas iġryġkino aplinkosauginius aspektus, tokius kaip dirvoģemio bȊklǟ, 

vandens naudojimas ir trŃġȎ valdymas, kartu integruojant socialinius ir ekonomi-

nius matmenis. Galiausiai, taikant DelfȎ metodŃ ir geriausioïblogiausio metodo 

(BWM) principus, buvo atrinkti ir Ǳvertinti devyni pagrindiniai ekonominiai ro-

dikliai. InvesticijȎ intensyvumas, pajamȎ diversifikacija, darbo naġumas ir prieiga 

prie rinkȎ buvo identifikuoti kaip svarbiausi ģemǟs Ȋkio tvarumui. 

Ġie tyrimai sudaro iġsamȎ ir kontekstui jautrȎ vertinimo modelǱ, leidģiantǱ 

pagrǱstai formuoti politikŃ ir strateginǱ planavimŃ. Disertacijoje pristatomas nau-

jas modelis tvaraus ģemǟs Ȋkio vertinimui, integruojantis empirinius duomenis su 

ekspertȎ ģiniomis, kas leidģia tiksliau ir regioniġkai reikġmingiau suprasti tvarumo 

iġġȊkius. Ġi sistema padeda politikos formuotojams, tyrǟjams ir praktikos specia-

listams nustatyti prioritetines intervencijos ir investicijȎ sritis, ypaļ pereinamojo 

laikotarpio ekonomikos ġalyse, tokiose kaip Lietuva, Latvija ir Estija. Platesnǟ ġio 

darbo reikġmǟ slypi jo potencialiame pritaikomume kituose panaġius iġġȊkius pa-

tirianļiose regionuose, siȊlant praktinǱ ǱrankǱ tvaraus ģemǟs Ȋkio vystymui skatinti 

per pagrǱstŃ ekonominǱ vertinimŃ. 
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Notations 

Symbols  

ɝ ï Consistency ratio (BWM) (liet. Nuoseklumo santykis (BWM)); 

Abbreviations 

BWM ï BestïWorst Method (liet. geriausioïblogiausio metodas); 

CAP ï Common Agricultural Policy (liet. bendroji ģemǟs Ȋkio politika); 

CO ï Carbon Dioxide (liet. anglies dioksidas) 

EE ï Energy Efficiency (liet. energijos vartojimo efektyvumas); 

EU ï European Union (liet. Europos SŃjunga); 

EUROSTAT ï Statistical Office of the European Union (liet. Europos SŃjungos statistikos tarnyba); 

FAO ï Food and Agriculture Organization of the United Nations (liet. JungtiniȎ TautȎ maisto ir 

ģemǟs Ȋkio organizacija);  

GDP ï Gross Domestic Product (liet. bendrasis vidaus produktas); 

GHG ï Greenhouse Gas (liet. ġiltnamio efektŃ sukelianļios dujos); 

ICT ï Information and Communication Technology (liet. informacinǟs ir ryġiȎ technologijos); 

LP ï Linear Programming (liet. tiesinis programavimas); 

MCDM ï Multi -Criteria Decision-Making (liet. daugiakriteris sprendimȎ priǟmimas); 
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OECD ï Organisation for Economic Co-operation and Development (liet. Ekonominio bendradar-

biavimo ir plǟtros organizacija); 

OECDïFAO ï Joint Framework by OECD and FAO (liet. bendra EBPO ir FAO sistema); 

PRISMA ï Preferred Reporting Items for Systematic Reviews and Meta-Analyses (liet. page-

idaujami ataskaitȎ elementai sisteminǟms apģvalgoms ir metaanalizǟms);  

QOL ï Quality of Life (liet. gyvenimo kokybǟ); 

R&D ï Research and Development (liet. tyrimai ir plǟtra); 

RE ï Renewable Energy (liet. atsinaujinanti energija); 

RES ï Renewable Energy Sources (liet. atsinaujinantys energijos ġaltiniai);  

RoN ï Rights of Nature (liet. gamtos teisǟs); 

SALSA ï Search, Appraisal, Synthesis, and Analysis (liet. paieġka, vertinimas, sintezǟ ir analizǟ);  

SD ï Sustainable Development (liet. tvarus vystymasis); 

SLR ï Systematic Literature Review (liet. sisteminǟ literatȊros apģvalga);  

SME ï Small and Medium-sized Enterprises (liet. maģos ir vidutinǟs Ǳmonǟs);  

TOPSIS ï Technique for Order Preference by Similarity to Ideal Solution (liet. eilǟs nustatymo 

technika pagal panaġumŃ Ǳ idealȎ sprendimŃ); 

UNEP ï United Nations Environment Programme (liet. JungtiniȎ TautȎ aplinkosaugos programa); 

WTO ï World Trade Organization (liet. Pasaulio prekybos organizacija). 
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Introduction 

Problem Formulation  

Agriculture faces intensifying biophysical and economic pressures, including cli-

mate instability, environmental degradation, and volatility in input markets, that 

threaten its long-term viability. In the meantime, the 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 expert-validated weighting or robustness analysis; 

consequently, policymakers lack a coherent and measurable framework capturing 

key economic drivers, such as productivity, capital formation, energy integration, 

and competitiveness. This limitation is particularly pronounced in the Baltic 

States, especially Lithuania, where structural constraints, including fragmented 

farm structures, dependence on imported energy, undercapitalisation, 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 and over time constitutes a critical gap re-

quiring a rigorous, context-specific, and empirically grounded assessment ap-

proach. 
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Relevance of the Dissertation  

Sustaining agricultural systems is a key policy concern amid climate variability, 

resource depletion, demographic decline, and fluctuations in input and energy 

markets, all of which undermine the agricultural sectorôs viability. The economic 

dimension has not been adequately operationalised, creating a gap between policy 

objectives and measurable indicators, especially given the vital roles of competi-

tiveness, capital formation, productivity, and energy in sustaining agricultural sys-

tems, as observed in the Baltic States, where agriculture plays a vital socio-eco-

nomic role. Yet agricultural structures are fragmented, and energy and 

demographic factors undermine agricultural development. Existing studies are en-

vironmentally biased and fail to account for critical economic factors. This disser-

tation addresses this gap by developing a transparent, expert-informed, and em-

pirically grounded framework that advances economic sustainability, adapts 

indicator systems to small open agricultural economies, and provides policy-rele-

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 sector, de-

fined as its ability to maintain long-term competitiveness, financial viability, and 

structural resilience under environmental, social, and market 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 dissertation aims to develop and validate a transparent, data-driven, and 

stakeholder-informed expert-weighted indicator system and multi-criteria com-

parative benchmarking model for assessing the economic sustainability of the ag-

ricultural sector in Lithuania and the Baltic States, ensuring relevance to region-

specific structural conditions and alignment with the European Unionôs policy 

priorities. 
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Tasks of the Dissertation  

The following three interrelated tasks are formulated to reach the dissertationôs 

aim: 

1. Development of a theoretically substantiated and context-specific system 

of economic sustainability indicators of the agricultural sector based on 

the analysis of the existing literature and EU policy frameworks. 

2. Development and validation of a transparent multi-criteria assessment 

methodology with the use of the Delphi method, the BestïWorst Method 

(BWM), and TOPSIS for the derivation of expert weights. 

3. Empirical analysis and comparison of the economic sustainability of the 

agricultural sector in Lithuania, Latvia, and Estonia, and the formulation 

of evidence-based policy recommendations in line with the European 

Green Deal and the Common Agricultural Policy. 

Research Methodology 

This dissertation employs a structured approach to combined theoretical 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 indicator-based approach. Although the sectorôs sustainability is multidi-

mensional, the analysis focuses on the economic dimension, with environmental 

and social factors treated as 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 national statistics. To evaluate the indicators and arrive at 

a multi-criteria decision-making (MCDM) approach, the BestïWorst Method 

(BWM) and TOPSIS methods are applied. Reliability is ensured through robust 

sensitivity analysis, transparency, and replicability, with the entire computation 

process explicitly disclosed using publicly available statistics and expert weights. 

Scientific Novelty of the Dissertation  

The scientific originality of this dissertation is based on creating a region-specific, 

expert-weighted indicator system within a multi-criteria benchmarking model for 

evaluating agricultural economic sustainability in the Baltic States. Unlike exist-

ing approaches, it creates a theoretically grounded and region-specific system of 

economic and renewable energy indicators based on literature reviews, EU policy 
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analysis, and expert consultation, while accounting for regional specifics, energy 

dependence, and post-transition characteristics. From a methodological view-

point, this dissertation integrates the Delphi method, BestïWorst Methodology 

(BWM), and TOPSIS within a single framework, providing validated indicators, 

consistent weighing, and comparative benchmarking for Lithuania, Latvia, and 

Estonia. In terms of originality, this approach can be extended beyond its regional 

focus to other small, open, or post-transition 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 multi-criteria benchmarking model for eval-

uating agricultural economic sustainability. It is a tool for decision-makers to help 

apply the concept of sustainability to quantifiable outcomes. The practical appli-

cation for the EU would be to help implement the European Green Deal and the 

Common Agricultural Policy, including evaluating productivity, investment, in-

come diversification, market integration, and renewable energy. The practical ap-

plication at the national level would be to help Baltic countriesô institutions iden-

tify areas of weakness and opportunities for investment, thus optimising and 

aiding in compliance with regulations. The practical application at the farm level 

would be to use the MCDM method for benchmarking, identifying bottlenecks, 

and developing strategies, thereby being adaptable to different needs. The practi-

cal application at the international level would be to apply this system to other 

economies for cross-comparisons and harmonising sustainability evaluations. It is 

a tool for decision-makers to adopt a holistic approach to a quantified system. 

Defended Statements  

The following statements, based on the findings of this dissertation, can be pro-

posed as official hypotheses to be argued: 

ī A set of economic sustainability indicators, developed specifically for 

this context through literature analysis and expert consultation, allows for 

transparent, standardised, and reproducible assessment, unlike generic 

approaches. 

ī The application of expert-based weighting procedures according to the 

BestïWorst Method allows for more precise, consistent, and understand-

able sustainability evaluations. 
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ī A multi-criteria benchmarking approach based on standardised indica-

tors, publicly available data, and scientific procedures for weighing indi-

cators allows for an objective and comparable assessment for Lithuania, 

Latvia, and Estonia. 

ī Using robustness and sensitivity analysis allows for more reliable results, 

considering stability under different assumptions. 

ī A data-based approach can offer insights for enhanced productivity, cap-

ital formation, renewable energy integration, and competitiveness in 

alignment with 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 peer-reviewed journals indexed in Web of Science (WoS) 

and Scopus. Also, presentations were given at three international scientific con-

ferences, and these publications collectively met the requirements for doctoral re-

search and contributed to the development, validation, and empirical application 

of the proposed economic sustainability assessment framework. The author has 

presented parts of the research at three international scientific conferences: 

ī 36th RSEP International Conference on Economics, Finance, and Busi-

ness, 24ï25 September 2024, Madrid, Spain. 

ī International Society for Economics and Social Sciences of Animal 

Health (ISESSAH), 13ï15 June 2023, Helsinki, Finland. 

ī 5th Global Conference on Entrepreneurship and Economy in an Era of 

Uncertainty, 24ï26 September 2025, Seoul, South Korea. 

Structure of the Dissertation  

The dissertation contains an introduction, an analytical literature review, a re-

search methodology, results and discussion, general conclusions, references, ap-

pendices containing the scientific articles, and a summary in Lithuanian. The dis-

sertation consists of 177 pages, 10 equations, 1 figure, and 11 tables. 175 literary 

sources were used in writing the dissertation. 
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1 
Analytical Literature Review on 

Sustainable Agriculture Indicators 

This chapter lays the theoretical groundwork for the dissertation, focusing on the 

economic sustainability of the agricultural sector 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 primary determinant of the agricul-

tural sectorôs viability, competitiveness, and sustainability. It draws on global and 

regional literature, highlights the shortcomings of existing indicator systems, and 

establishes the conceptual groundwork for an appropriate approach for the Baltic 

States. Through this analysis, the chapter clarifies the knowledge gaps that moti-

vate the methodological and empirical components of the dissertation. This chap-

ter is based on and synthesises findings from two published papers: ñA Systematic 

Review of Agricultural Sustainability Indicatorsò (Bathaei & Ġtreimikienǟ, 

2023b) and ñRenewable Energy and Sustainable Agriculture: Review of Indica-

torsò (Bathaei & Ġtreimikienǟ, 2023a). 
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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 socio-economic development (Abdelilah et al., 

2023). Rooted in the Brundtland Commissionôs definition of sustainable develop-

ment (1987), it emphasises meeting present needs without compromising the 

needs of future generations. In practice, sustainable agriculture refers to produc-

tion systems that maintain long-term resource productivity while remaining eco-

nomically viable and socially equitable for farming communities (Hariram et al., 

2023). 

The literature generally considers sustainability in terms of the interdepend-

ent dimensions of economic, environmental, and social sustainability (Dos Santos 

et al., 2023). Economic sustainability refers to the sectorôs ability to sustain itself 

amid market volatility, changing policy environments, and environmental chal-

lenges. Environmental sustainability refers to the protection of natural resources, 

including soil, water, biodiversity, and energy, while managing pollution and cli-

mate change challenges. Social sustainability relates to the availability of labour, 

rural cohesion, human capital, and the distribution of benefits (Addai et al., 2024). 

However, while the conceptual understanding of sustainability is clear, the 

practical application of sustainability principles has been challenging, particularly 

in the development of assessment tools and indicator systems by international 

agencies, such as the FAO, OECD, and the EU, which are aligned to the policy 

interests of these agencies (Brooks, 2023). The FAO emphasises food security, 

the OECD emphasises efficiency, while the EU combines the economic, environ-

mental, and social dimensions under the Common Agricultural Policyôs Agri-En-

vironmental Indicators framework. The indicator systems are generally incoher-

ent, reflecting prevailing disagreements over the appropriate ways to measure 

sustainability, which are generally uneven, environment-centred, and incapable of 

capturing the economic realities in the regions (Salvan et al., 2022). 

A more fundamental problem is the underdevelopment of economic sustain-

ability measures compared to those for the environment, which are often better 

standardised (e.g., greenhouse gas emissions, soil erosion, and water use) (Hari-

ram et al., 2023). The analysis of economic factors, such as profitability, capital 

formation, investment capacity, and productivity, is often conducted using tradi-

tional economic methods rather than those that are more relevant to sustainability. 

This problem is particularly acute for the Baltic States, which are smaller post-

transition economies still struggling with structural changes that affect agricul-

tural performance, and for which region-specific economic data are often inade-

quate (Nwala et al., 2025). 
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Measuring sustainability also involves challenges related to time, scale, and 

technology. Sustainability is a dynamic concept and is, therefore, 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 

performance (Hariram et al., 2023). Emerging technologies, such as renewable 

energy sources, precision farming, and 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 farm-level measurement may not always reflect sector-wide or national-

level measurement, and policy cycles may be shorter than the time required for 

sustainability outcomes to become evident (Forbat et al., 2025). 

Another challenge is finding an appropriate scale for carrying out sustaina-

bility assessments. Agriculture spans different levels, from individual farms to 

national and EU policy levels, each with different information needs. What might 

be suitable for an individual farmer might not be suitable for the sector as a whole. 

In addition, it can take several years for the effects of sustainability policies to be 

realised, yet policy and funding cycles are short-term. These issues must be ad-

dressed to develop assessments that make sense and are useful. 

For instance, in the Baltic States, global challenges interact with regional 

characteristics, further enhancing 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 out-migration of people from rural areas. In addition, 

external factors, such as globalisation, trade liberalisation, and geopolitical ten-

sions, affect input costs, labour availability, and competitiveness of export prod-

ucts. These global and regional challenges underscore the importance of develop-

ing indicators of sustainability that are theoretically justified, empirically 

measurable, and practically applicable. 

All these challenges indicate the importance of developing methodological 

approaches to integrating multidimensional, dynamic, and region-specific infor-

mation for effective evaluations. In this respect, the next section of this disserta-

tion examines the evolution of sustainability indicators and various approaches, 

such as multi-criteria decision-making, for developing sustainability indicators 

applicable to the Baltic Statesô agricultural sector. 

Though sustainability in agriculture is often discussed in terms of its dimen-

sions, like economic, environmental, and social, this dissertation particularly fo-

cuses on the economic sustainability of the agricultural sector. This section in-

cludes the environmental and social dimensions of sustainability to provide a 

conceptual background and demonstrate how they affect economic performance. 
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However, in subsequent sections, procedures for selecting, weighing, and evalu-

ating indicators for sustainability are based on economic sustainability. 

1.2. Indicators of Sustainable Agriculture: Evolution 
and Limitations 

The measurement of agricultural sustainability involves translating complex, of-

ten abstract concepts into quantifiable indicators that capture economic, environ-

mental, and social performance. This effort is required because indicators serve 

as alternative measures or proxies for complex principles of sustainability, ena-

bling policymakers to monitor trends, compare systems, and evaluate progress 

(Pandey et al., 2025). Over the last three decades, 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 into a single decision-mak-

ing model (Villa -Enciso et al., 2023). 

Early sustainability assessments concentrated primarily on environmental 

conditions, such as soil quality, water status, biodiversity, and pollution control, 

drawing on Agenda 21 and global discussions initiated by the 1992 United Na-

tions Conference on Environment and Development (Baste & Watson, 2022).  

Subsequent efforts by the OECD, FAO and the European Union broadened indi-

cator frameworks to incorporate socio-economic dimensions, most notably 

through the CAPôs Agri-Environmental Indicators (AEIs). Yet, these systems re-

mained heavily skewed towards environmental 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. Concepts such as resilience, profitability, competitiveness, investment 

flows, income diversification, and market access are highly context-dependent 

and, therefore, difficult to standardise across regions (Brooks, 2023). In small-

farm structures typical of the Baltic States, additional contextual challenges arise: 

fragmented landholdings, limited capital accumulation, dependency on imported 

energy and machinery, and demographic out-migration all shape the economic 

realities of agriculture (Makutǟnienǟ et al., 2022). Empirical studies from Lithua-

nia, Latvia, and Estonia show that economic indicators can behave differently in 

post-transition economies than in Western Europe, particularly in terms of 

productivity dynamics, capital intensity, and market integration. Thus, applying 

universal indicator systems without adjustment risks overlooking region-specific 

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 hierarchical (farmïregionalïnational) categories. While these 

approaches facilitate comparison and create more logical structures for assess-

ment, they do not fully resolve persistent challenges, such as selecting indicators 

for each dimension, prioritising them, or managing data inconsistencies across 

varied sources. These issues are especially relevant for the Baltic States, where 

indicator availability and comparability vary by country and year (G·mez-Lim·n 

et al., 2024). 

Another limitation, which cannot be overstated, concerns the static nature of 

some frameworks. For instance, some earlier frameworks, such as fertili ser use 

per hectare or crop yield, cannot be relied upon in measuring newer sustainability 

indicators, such as those associated with digitalisation, use of renewable energy, 

and circular economy, which have been influenced by recent advancements in 

sustainable development (Ali et al., 2025). As digitalisation becomes more prom-

inent in agriculture, there will be a greater need to ensure that newer indicators, 

which can be adjusted to reflect changing technological and environmental fac-

tors, come into play, such as those associated with energy, waste, and climate 

resilience (Setyadi et al., 2025). 

Another limitation, which has been recognised, concerns issues of transpar-

ency, particularly regarding how some earlier studies selected their indicators. It 

has been 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 studies rather challenging. These issues have been noted in empirical 

studies conducted in the Baltic region, where some national institutions in Lithu-

ania, Estonia, and Latvia prioritise economic factors such as cost, productivity, 

and exports, 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 pertinent with regard to the European Green Deal and CAPôs 

shift towards performance-based governance, in which reliable localised eco-

nomic indicators play a vital role in allocating resources, measuring progress, and 

identifying strategic areas for development (Jahel & Lambin, 2025). For the Baltic 

States, developing such indicators remains 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 indicators, 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 evidence-based approach to devel-

oping indicators, drawing on global best practices and recognising 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 responsibility 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 constraining perspective, in-

fluencing economic performance and development. This approach underpins the 

conceptual framework for developing the expert-weighted indicator system and 

benchmarking model, as presented in subsequent chapters.  

1.3 Systematic Review of Agricultural Sustainability 
Indicators 

Agriculture remains a cornerstone of global and regional economies, influencing 

food security, rural livelihoods, and long-term stewardship of resources. But the 

quest for greater gain has often produced environmental destruction, economic 

inequality, and social instability. In this environment, these tensions have driven 

the need for coherent, evidence-based approaches to evaluate 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 studies, and indicator selection 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 reviewed to contextualise those as-

pects of sustainability theory relevant for identifying potentially important eco-

nomic drivers. 

For this purpose, the study conducted a systematic literature review (SLR) 

using the SALSA framework and PRISMA guidelines. The review focused on 

peer-reviewed articles indexed in Web of Science that define or operationalise 

sustainability indicators for agricultural systems. This plan guaranteed transpar-

ency, reproducibility, and methodological rigour regarding the identification of 

indicators most commonly used in sustainability assessment. 

The review was implemented through four sequential steps: 

1. Search ï identification of relevant publications using predefined agricul-

ture-sustainability keyword combinations; 
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2. Appraisal ï screening of studies based on methodological quality and 

thematic relevance; 

3. Synthesis ï extraction of sustainability indicators from selected studies; 

4. Analysis ï classification of indicators according to the sustainability di-

mension and frequency of use. 

This process produced 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 

analysis but rather serves as a theoretical knowledge base from which economic 

sustainability indicators are subsequently screened, refined, and validated through 

expert-based procedures described in the Second Chapter. 

Table 1.1 presents a comprehensive set of sustainability indicators identified 

in the literature and grouped by dimension. 

Table 1.1. Indicators for sustainable agriculture 

Dimen-

sion 

Indicators References 

Social Acceptable agricultural 

practices 

(Ngo et al., 2021) 

Compatibility (Ingram et al., 2015) 

Contribution to employment (Ngo et al., 2021) 

Demographic structure (Tey et al., 2012) 

Ecosystem services (Huang et al., 2015) 

Education (Melchior & Newig, 2021) 

Employment (Melchior & Newig, 2021) 

Equality (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Farmersô rights (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Farmersô well-being (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Food (Tey et al., 2012) 

Food safety (Garcia et al., 2020) 
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Continued Table 1.1 

Dimen-

sion 

Indicators References 

 Health and nutrition (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Health and safety (Tey et al., 2012) 

Isolation (Lebacq et al., 2013) 

Knowledge (Tey et al., 2012) 

Life quality consumers (Tey et al., 2012) 

Life quality workers (Tey et al., 2012) 

Multifunctionality (Lebacq et al., 2013) 

Quality of life (Lebacq et al., 2013) 

Quality of product (Lebacq et al., 2013) 

Quality of rural areas (Lebacq et al., 2013) 

Quality of process (Aithal & Aithal, 2018) 

Relative wages (Fullard, 2021) 

Resilience (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Share of the family labour 

force 

(Colnago & Dogliotti, 2020) 

Social implication (Lebacq et al., 2013) 

Technology (Tey et al., 2012) 

Women empowerment (Mulema et al., 2019) 

Working condition (Lebacq et al., 2013) 

Eco-

nomic 

Accessibility (Rondhi et al., 2018; Tey et al., 2012) 

Agricultural activities (Lebacq et al., 2013) 

Agricultural labour produc-

tivity  

(Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Agricultural support (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Animal feeding (Lebacq et al., 2013) 

Capital productivity (Kheyfets & Chernova, 2019) 

Cost (Tey et al., 2012) 
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Continued Table 1.1 

Dimen-

sion 

Indicators References 

 Credit availability (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Diversification of activities (Biczkowski et al., 2021) 

Diversification of income (Bojnec & Knific, 2021) 

Efficiency (Zulfiqar et al., 2019) 

External financing (Lebacq et al., 2013) 

External income (Lebacq et al., 2013) 

External inputs (Lebacq et al., 2013) 

Farmôs profitability (Lebacq et al., 2013) 

Farmerôs risks (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Food loss (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Income (Lebacq et al., 2013) 

Investment intensity (Jayne et al., 2019) 

Labor productivity (Kheyfets & Chernova, 2019) 

Land productivity (Coomes et al., 2019) 

Liquidity (Zeweld et al., 2017) 

Market access  (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Marketability (Lebacq et al., 2013) 

Mineral fertilisers (Lebacq et al., 2013) 

Non-agriculture activities (Lebacq et al., 2013) 

Price (Meloviĺ et al., 2020) 

Production (Lebacq et al., 2013) 

Profitability (Jat et al., 2020) 

Subsidies (Scown et al., 2020) 

Working capital level  

Environ-

ment 

Agriculture practices (Lebacq et al., 2013) 

Biodiversity (Yadav et al., 2017) 

Biological soil quality (Lebacq et al., 2013) 
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Continued Table 1.1 

Dimen-

sion 

Indicators References 

 Chemical soil quality (Lebacq et al., 2013) 

Climate change (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Compaction measurements (Edrris et al., 2020) 

Complex model (Lebacq et al., 2013) 

Crop protection intensity (Volkov et al., 2022) 

Crop rotation (Schºning et al., 2022) 

Culture reside management (Lebacq et al., 2013) 

Domestic biodiversity (Lebacq et al., 2013) 

Ecosystem  

Emission of acidifying gases (Lebacq et al., 2013) 

Emission of greenhouse 

gases 

(Lebacq et al., 2013) 

Energy intensity (Wu & Ding, 2021) 

Environment measure (Lebacq et al., 2013) 

Farm structure (Lebacq et al., 2013) 

Fertiliser use intensity (Raliya et al., 2017) 

Greenhouse gas emission in-

tensity 

(Skinner et al., 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 Grinsven et al., 2015) 

Machine use (Lebacq et al., 2013) 

Nitrogen farm-gate balance (Lebacq et al., 2013) 

Non-renewable (Tey et al., 2012) 

Operational model (Lebacq et al., 2013) 

Organic carbon indicator (Lebacq et al., 2013) 

Organic fertilisation (Lebacq et al., 2013) 

Permanent grasslands (Schils et al., 2022) 

Physical soil quality (Lebacq et al., 2013) 
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End of Table 1.1 

Dimen-

sion 

Indicators References 

 Pollution (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Renewable resources  

Resources (Lebacq et al., 2013) 

Soil analysis (Lebacq et al., 2013) 

Soil cover (Lebacq et al., 2013) 

Soil health (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

Soil type (Lebacq et al., 2013) 

Soil fertility (Rondhi et al., 2018) 

Specific positive (Lebacq et al., 2013) 

Water availability (Zhang, Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, Zhao, Zou, 

et al., 2021) 

 

From this comprehensive inventory, only indicators relevant to the economic 

sustainability of agriculture are retained for further expert validation and 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 development, recognising the dual role of the sector as a signifi-

cant energy consumer with implications for the planet, and as an enormous 

source of clean energy potential. With agriculture increasingly challenged by 

volatile fossil fuel markets, carbon pricing, and climate-related commitments, 

renewable energy offers strategic leverage where economic viability con-

verges with environmental responsibility (Vijayakumar et al., 2023). Moving 

away from fossil fuels to renewable energy sources (e.g., biomass, biogas, so-

lar, and wind) minimises exposure to external energy shocks. Also, it helps 

drive the transition towards a low-carbon agricultural economy (Wei et al., 

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 

reduce pollution and aligns the sector with international climate objectives 

(Kamyab et al., 2024). Renewable energy provides economic benefits through 

increased energy independence and reduced exposure to volatile pricing, pro-

moting long-run 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 functions as an environmental asset and economic resource but also 

as an accelerator of social well -being. 

Relatedly, there has been a parallel effort in the literature to develop sustain-

ability indicators specific to renewable energy. These performance indicators have 

evolved from purely quantitative metrics, such as total energy consumption or the 

share of renewable energy, to more sophisticated measures that deliver insights 

into efficiency, self-sufficiency, lifecycle impacts, and net-energy balance. Re-

search has increasingly categorised renewable energy indicators into three general 

categories: 

1. Inputïoutput indicators, renewable energy used per hectare, and the share 

of renewables in the total energy consumption, 

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

and solar capacity utili sation), and 

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

progress in reducing energy vulnerability). 

This evolution illustrates a move away from static, resource-based evalua-

tions and towards cohesive metrics that link energy consumption to sustainability 

outcomes and farm-level resilience. 

Despite these advances, however, major limitations remain. Existing sus-

tainability frameworks rarely include renewable energy indicators as a guiding 

principle and often treat this resource as external to agricultural performance. 

Furthermore, universal indicator sets often do not account for regional heter-

ogeneity of energy systems, technology access, and structural conditions. Em-

pirical studies focus directly on this gap in Baltic Statesô variation, depending 

on farm size, capital availability, and energy dependency, as well as climatic 

conditions, which greatly impact the feasibility of renewable energy imple-

mentation in Lithuania, Latvia, and Estonia (Lekaviļius et al., 2024). Regional 

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 context, 

given the high dependence on imported fuels and the eagerness for greater politi-

cal stability. To achieve this, nationally available resources, such as crop residue 

and biogas from agriculture, and decentralised solar sources are attractive domes-

tic pathways to enhance energy security in conjunction with improved sustaina-

bility outcomes. For example, Lithuania is increasingly popular for prioritising 

bioenergy, the establishment of small-scale solar plants, and the development of 

biogas into national strategies for climate-neutral growth (Pandey et al., 2022). 

Yet empirical research demonstrates that adoption is heterogeneous across farms, 

and barriers to 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 agricultural sustainability, rather 

than only an added component. Existing indicators tend to be still too broad, 

poorly adaptable or less appropriate for post-transition agricultural systems 

where institutional conditions and economic as well as energy-related re-

strictions diverge from Western European settings. Further work in this area 

is needed to develop context-specific renewable energy indicators that can in-

clude aspects such as economic feasibility, resource efficiency and the contri-

bution to long-term resilience. 

In conclusion, renewable energy transforms sustainable agri-food systems 

economically, environmentally, and socially. However, in the case of the Baltic 

States, and Lithuania in particular, renewable energy integration into sustainabil-

ity assessment frames is crucial to achieve climate targets, foster competitiveness, 

and promote rural development within a wider framework of the European Green 

Deal. Nonetheless, a system of renewable energy indicators that is coherent and 

suitable for the region and can then be embedded into wider sustainability assess-

ment tools is missing from the 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 energy inputs for production, processing, and transportation, 

while simultaneously serving as an important supplier of renewable energy re-

sources, particularly through biomass and bioenergy pathways (Wei et al., 2025). 

However, conventional reliance on fossil fuels in agriculture has contributed to 
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environmental degradation, rising production costs, and increased income 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 a transformative 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 production, on-farm solar generation) 

directly improve farm profitability and financial resilience (Wei et al., 2025). Re-

newable energy adoption also enhances energy independence, supports techno-

logical innovation, and stimulates economic activity in rural areas, factors that 

collectively contribute to the economic robustness and competitiveness of agri-

cultural systems. Furthermore, decreasing vulnerability to energy price shocks is 

increasingly important for stabilising farm incomes and safeguarding food secu-

rity (Marti et al., 2025). 

Within the European 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 climate-neutral and resource-efficient 

economy. For the Baltic States, where agriculture remains economically signifi-

cant, and energy dependence is relatively high, renewable energy deployment sup-

ports not only environmental objectives but also economic sustainability and 

rural development. 

To identify and systematise indicators at the intersection of renewable energy 

and agricultural sustainability, a systematic literature review was conducted. A 

total of 420 peer-reviewed articles published between 2010 and 2023 were re-

trieved from the Scopus database and analysed following the SALSA (Searchï

AppraisalïSynthesisïAnalysis) 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 agricultural systems. 

Importantly, while the review adopts a broad sustainability perspective, this 

dissertation utilises the identified indicators related to renewable energy, primarily 

to inform the assessment of economic sustainability. Indicators reflecting cost ef-

ficiency, energy productivity, investment in renewable technologies, and income 

diversification are of particular relevance for subsequent empirical analysis. Thus, 

the resulting set of indicators serves as a theoretical reference base and analytical 

benchmark for selecting economic indicators related to renewable energy in the 

methodological stage. Table 1.2 shows the indicators for renewable energy and 

sustainable agriculture. 

 



1. ANALYTICAL LITERATURE REVIEW ON SUSTAINABLE AGRICULTURE... 21 

 

Table 1.2. Indicators for renewable energy and sustainable agriculture 

Dimension Indicators References 

Economical Capital investment 

(USD/kWh) 

(Bagheri et al., 2019) 

Economical Productive energy uses (Kaygusuz, 2011) 

Economical Employment generation (White, 2012) 

Economical Investment cost (Ho et al., 2014) 

Economical Maintenance cost (Ho et al., 2014) 

Economical Approximate lifetime (Elkadeem et al., 2019) 

Economical Average personal income (Kaygusuz, 2011) 

Economical Unemployment rate (Khan et al., 2018) 

Economical Average daily per capita 

water use (litre) (exclud-

ing industrial use) 

(Lages Barbosa et al., 2015) 

Economical Electricity consumption 

per person 

(Owusu & Asumadu-Sarkodie, 2016) 

Economical Total gross electricity 

generation 

(Owusu & Asumadu-Sarkodie, 2016) 

Economical Primary production of re-

newable energy 

(Lim et al., 2012) 

Economical Greenhouse gas emissions 

from the energy sector 

(Panwar et al., 2011) 

Economical Electrical capacity Com-

bustible fuels 

(Jahangir & Cheraghi, 2020) 

Economical Electrical capacity Hy-

dro, Wind, Solar 

(Chel & Kaushik, 2011) 

Economical Inflation rate (Taghizadeh-Hesary et al., 2019) 

Economical Economic growth rate (Owusu & Asumadu-Sarkodie, 2016) 

Environment Emission of CO2 per kWh 

of electricity in kg/kWh 

(Jebli & Youssef, 2017) 

Environment Fuels displaced (Korberg et al., 2020) 

Environment Contamination factor (Owusu & Asumadu-Sarkodie, 2016; 

Twidell, 2021) 

Environment Amount of pollutant vol-

ume 

(Abdeshahian et al., 2016) 

Environment The proportion of land 

use 

 

Environment Effectiveness in increas-

ing employment 

(Owusu & Asumadu-Sarkodie, 2016) 

Environment Safety of using the energy (Owusu & Asumadu-Sarkodie, 2016) 
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Continued Table 1.2 

Dimension Indicators References 

Environment Help in social improve-

ment 

(Owusu & Asumadu-Sarkodie, 2016) 

Environment Green resource index (Twidell, 2021) 

Environment Permeable rate in urban 

lands 

(Hoffacker et al., 2017) 

Environment Per capita CO2 emissions (Jebli & Youssef, 2017) 

Environment Proportion of slightly 

polluted rivers 

(Twidell, 2021) 

Environment Reservoir water quality (Misaghi et al., 2017) 

Environment Tap water quality (Misaghi et al., 2017) 

Environment Daily waste production (Kalyani & Pandey, 2014) 

Environment Recycling ratio for solid 

waste 

(Zamri et al., 2021) 

Environment Solid waste composted (Kalyani & Pandey, 2014) 

Environment Utili sation rate for renew-

able resources (bottom 

ashes) 

(Kalyani & Pandey, 2014) 

Environment Stringency of environ-

mental regulation 

(Tyagi & Lo, 2013) 

Environment Enforcement of environ-

mental regulation 

(Khan et al., 2019) 

Environment Quality of the natural en-

vironment 

(Panwar et al., 2011) 

Environment Renewable energy con-

sumption 

(Panwar et al., 2011) 

Environment Share of renewables en-

ergy in gross final energy 

consumption 

(Ben Jebli & Ben Youssef, 2017) 

Environment Share of renewable in 

power production 

(Khan et al., 2018) 

Institutional Management capability 

required 

(Khan et al., 2018) 

Institutional Operation & maintenance 

skill required 

(Ouda et al., 2016) 

Institutional Consistency with the in-

ternational policies 

(Van Vuuren et al., 2017) 

Institutional Assistance in complete 

self-sufficiency 

(Nacer et al., 2016) 

Institutional Degree of dependence on 

energy imports 

(San Crist·bal, 2011) 
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Continued Table 1.2 

Dimension Indicators References 

Institutional Enforcement of local en-

vironmental plans 

(He et al., 2012; Ran, 2017) 

Institutional Citizen participation in 

major planning and deci-

sion-making 

(Walker et al., 2014) 

Institutional Joint international coop-

eration regarding sustain-

able development (SD) 

(Ullah et al., 2021) 

Institutional Environmental and eco-

logical budget ratio to to-

tal budget 

(Burkhard et al., 2012; Ceschia et al., 

2010) 

Institutional Social welfare expendi-

ture ratio to total expendi-

ture 

(Astariz & Iglesias, 2015; Kanase-Patil 

et al., 2010; Mohammadi & Omid, 2010) 

Institutional Government expenditure 

on pollution prevention 

and resource recycling 

(Nanda & Berruti, 2021; Tyagi & Lo, 

2013; Wainaina et al., 2020) 

Institutional Ratio of completed as-

sessments to initiated as-

sessments 

(Acar & Dincer, 2014; Esen & Yuksel, 

2013) 

Institutional Appellate statistics of 

court cases related to en-

vironmental pollution 

(Asmelash, 2015; Cosbey & Mavroidis, 

2014) 

Institutional Transparency of govern-

ment policy-making 

(Ghimire & Kim, 2018; Mendon­a et al., 

2018; Stokes, 2013) 

Institutional Government effective-

ness 

(Liu et al., 2017; Peidong et al., 2018; 

Twidell, 2021) 

Institutional Regulatory quality (Bevrani et al., 2010; Castillo & Gayme, 

2014; Hernandez et al., 2014) 

Institutional GDP per capita (Ben Jebli & Ben Youssef, 2017; Jebli & 

Youssef, 2017) 

Social Availability of subsidy in 

% considering lifetime 

energy cost 

(Elkadeem et al., 2019; Mohammed et al., 

2014; Pirasteh et al., 2014) 

Social Access to credit (Abdmouleh et al., 2015; Kaygusuz, 2011; 

Owusu & Asumadu-Sarkodie, 2016) 

Social Urban population density (De Bon et al., 2010; Kammen & Sunter, 

2016; Specht et al., 2014) 

Social Number of households 

below the poverty line 

(Chen et al., 2010; Diao et al., 2010; 

Kaygusuz, 2011) 

Social Wealth gap (Goldemberg et al., 2018; Saez & Zuc-

man, 2016) 
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End of Table 1.2 

Dimension Indicators References 

Social Crime rate (Goldemberg et al., 2018; Khan et al., 

2019; Walters, 2017) 

Social Annual casualties from 

public disasters 

(Hussain et al., 2020; Shahsavari & Ak-

bari, 2018) 

Social Annual number of trans-

portation accidents 

(Garc²a-Olivares et al., 2018; Lior, 2010) 

Social Public facility area ratio 

to urban land areas 

(Hernandez et al., 2015; Mondal & Den-

ich, 2010) 

Social Per capita park and green 

areas 

(Gasparatos et al., 2017; Sen & Ganguly, 

2017; Subhadra & Edwards, 2010) 

Social Riverside park and green 

area per person 

(Pasqualetti, 2011) 

Social Sewerage and waste re-

moval efficiency 

(Kacprzak et al., 2017; Qambrani et al., 

2017) 

Social Rate of sanitary sewerage 

to total sewerage system 

(Shen et al., 2015; Wahaab et al., 2020) 

Social Per capita pedestrian 

walkway index 

(Rahman et al., 2017; Stoms et al., 2013) 

Social Availability of latest 

technologies 

(Lim et al., 2012; Panwar et al., 2011) 

Social Affordability of financial 

services 

(Amer & Daim, 2011; Sen & Ganguly, 

2017; Timilsina et al., 2012) 

Social Capacity for innovation (Chen & Yada, 2011; Ikram et al., 2020) 

Social Company spending on 

R&D 

(Baloch et al., 2019; Ben Jebli & Ben 

Youssef, 2017; Liu et al., 2017) 

Social University-industry col-

laboration in R&D 

(Phongthiya et al., 2022) 

Technical  Energy availability (Lim et al., 2012; Panwar et al., 2011) 

Technical  Overall efficiency (Mekhilef et al., 2011; Panwar et al., 2011; 

Twidell, 2021) 

Technical  Technical standards (Peidong et al., 2018) 

Technical  Daily availability of ser-

vices 

(Owusu & Asumadu-Sarkodie, 2016) 

Technical  Ease of access to the re-

quired technology 

(Ghaffour et al., 2015; Surendra et al., 

2014) 

Technical Help in meeting energy 

needs 

(Ellabban et al., 2014; Owusu & 

Asumadu-Sarkodie, 2016; Panwar et al., 

2011) 

Technical  Construction time (Mekhilef et al., 2011) 
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From this comprehensive inventory, only indicators relevant to the economic 

sustainability of agriculture are retained for further expert validation and 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 construction, but there are obvious voids 

when it comes to designing its economic dimension. While many international 

bodies and scholars have suggested sustainability paradigms, typically, their mod-

els are highly fragmented or conceptually integrated. Consequently, they 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 investment capacity, income diversification, and 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. This is pronounced in small, open and post-transi-

tion agricultural systems like the Baltic States, where economic viability tightens 

the linkage between structural resilience and long-term sustainability. 

The second gap stems from the low regional relevance of existing indicator 

systems. Many global and EU measurement frameworks depend on standardised 

metrics that do not consider the particular structural and socio-economic chal-

lenges facing the Baltic agriculture (including fragmented farm structures, de-

pendence on 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 indicator systems that maintain alignment with EU sustainability 

goals but also consider specific regional characteristics and limits. 

A third gap concerns the conceptual clarity and prioritisation of the indicators 

of sustainability frameworks. Many pieces of literature present some unweighted 

or implicitly weighted indicator lists without specification of which factors drive 

agricultural sustainability to a great extent. This lack of structure decreases com-

parability between studies and diminishes the practical validity of assessments. 

The trick is not just deciding on the indicators that matter, but to articulate some 

conceptual hierarchy differentiating between core economic drivers and ancillary, 
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or contextually important variables. It is imperative to address this gap through 

frameworks integrating both theoretical justification and empirical relevance. 

Lastly, contemporary sustainability literature can lack practical relevance to 

policy. Most of these academic models emphasise theoretical discussions or de-

scriptive analyses and thus offer little guidance for decision-making under chang-

ing policy frameworks, like the European Green Deal or reformed Common Ag-

ricultural Policy. Given the ongoing shift in EU governance and the increasing 

move towards performance-based assessments, the lack of such indicators hinders 

communication between academics on group dynamics 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 performance. 

These gaps, in conjunction, delineate the theoretical underpinnings of this 

study, which aims at constructing an integrated and context-suited framework for 

evaluating economic sustainability within the agricultural sector across the Baltic 

States that is theoretically justified, empirically robust, and responsive to evolving 

policy changes. 

Following the theoretical discussion and systematic reviews provided in this 

chapter on sustainability and renewable energy indicators, this section generates 

the current studyôs conceptual framework. 

With the acknowledgement that different sustainability dimensions interact, 

but that there is still an imbalance in how these dimensions are operationalised 

across empirical research, the conceptual framework for this dissertation is built 

on grounded knowledge of sustainable agriculture. The existing literature con-

vincingly establishes that economic indicators are still underdeveloped, poorly 

defined and badly adapted to the 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 achieved under conditions shaped by small farm 

structures, energy dependency, limited capital formation and demographic chal-

lenges typical of post-transition economies (exemplified by Lithuania, Latvia, or 

Estonia). 

The economic dimension is acknowledged in this study as the primary ana-

lytical lens because it has a significant impact on environmental and social conse-

quences. So, the core economic domains of agricultural viability are tracked, 

which reflect productivity dynamics, investment, and capital formation, income 

diversification, market competitiveness, and energy integration in the Baltic re-

gion of study presented by a conceptual model. These domains are influenced by 

the structural and policy contexts in conjunction with environmental constraints 

and social developments. This framework provides a consistent basis for finding 

indicators that are theoretically sound, regionally appropriate, and relevant to the 
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EU sustainability policy by placing economic 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 characteristics of the Baltic agriculture, and (iii) the ne-

cessity to establish a transparent needs-appropriate system of economic indicators. 

These components, combined with the Geo-Indicatorsô data, set the basis for an 

assessed approach that could deliver insightful policy-relevant assessments of ag-

ricultural economic sustainability in the Baltic States. 

Overall, the literature validates a need to tailor regional information along 

with theoretical coherence when deciding on how to down-scale agricultural eco-

nomics sustainability assessment in the Baltic states. The conceptual framework 

developed in this chapter provides 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 suggests that agricultural sustainability is multidi-

mensional; however, its economic component has not been well opera-

tionalised and lacks coherent integration in reviewed frameworks. 

2. Current sustainability indicator systems are mainly environmentally ori-

ented, whereas significant economic variables, for example, productivity 

movements, capital structure, income concentration, market integration, 

and energy dependency, are underrepresented. 

3. Most current systems depend on common indicators that do not reflect 

the infrastructural traits of small, open, and post-transition agriculture 

sectors like those in the Baltic States. 

4. By not being able to prioritise or establish a hierarchical concept, sustain-

ability assessments lose comparability and thus practical applicability. 

5. Furthermore, the transfer between academic models and policy imple-

mentation remains blurred, especially in the context of the measurable 

indicators as required under the European Green Deal and the Common 

Agricultural Policy. 

6. The evidence reviewed in this paper indicates a demand for a region-spe-

cific, theoretically underpinned, and 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 task of the dissertation, to start a theo-

retically grounded and context-sensitive system of economic sustainabil-

ity indicators based on these findings. 

8. The remaining tasks of the dissertation are: 

ī Design and validate a multi-criteria assessment methodology includ-

ing Delphi method, BestïWorst Method (BWM), and TOPSIS. 

ī 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. 
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2 
Research Methodology: Systematic 

Review and MCDM-Based 
Assessment Framework 

This chapter presents the methodological design of the dissertation. It explains the 

procedures adopted to develop and apply an expert-weighted indicator system and 

a multi-criteria comparative 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 elicitation (Delphi method), and multi-criteria de-

cision-making (MCDM) techniques, particularly the BestïWorst Method (BWM) 

and TOPSIS, ensuring transparent and reproducible indicator selection, valida-

tion, weighting, and benchmarking. All methodological stages are explicitly ori-

ented towards assessing the economic sustainability of the agricultural sector, 

while environmental and social dimensions are treated as contextual and con-

straining factors that influence economic performance. The systematic review 

component is based on the first and second papers, ñA Systematic Review of Ag-

ricultural Sustainability Indicatorsò (Bathaei & Ġtreimikienǟ, 2023b) and ñRe-

newable Energy and Sustainable Agriculture: Review of Indicatorsò (Bathaei & 

Ġtreimikienǟ, 2023a), where SALSA and PRISMA protocols were applied, while 

the MCDM-based assessment framework is developed based on the third and 

fourth papers, ñSustainability Assessment of the Agriculture Sector Using the 
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BestïWorst Method: Case Study of Baltic Statesò (Streimikis et al., 2024) and 

ñAssessing Sustainable Agriculture in the EU/Baltic Countries Using Multi-Cri-

teria Decision Making (MCDM) and EUROSTAT Data Using Stakeholderôs 

Viewò (Bathaei & Streimikiene, 2025), published in journals indexed in the Cla-

rivate Web of Science Core Collection. In this dissertation, Grammarly 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 multi-method triangular research design built upon a pragmatic re-

search philosophy that encourages methodological agility and identifies ap-

proaches that align with its objective by solving a complex real-world 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 tradition. In the Baltic States with their post-transition 

agricultural structures, data asymmetries, and region-specific sustainability chal-

lenges, a practical approach enables the inclusion of various evidence forms from 

various data sources about the context-sensitive evaluation of regulations. 

The pragmatic paradigm directly corresponds to the research gaps identified 

in the First Chapter. Current sustainability frameworks are weak, lack consistent 

economic indicators, have limited regional applicability, and provide little influ-

ence on practical policy-making. Bridging these gaps is possible due to a prag-

matic methodological orientation that combines systematic conceptual analysis 

and empirical evaluation. The choice of mixed methods is, therefore, not simply 

a methodological but also an epistemological matter: it connects theory-building, 

expert judgement, and quantitative assessment in a coherent analytical frame-

work. 

Thus, this study uses qualitative and quantitative methods. SALSA and 

PRISMA systematic literature review methods serve as a theoretically-based 

framework for collecting, identifying, and structuring sustainability indicators. In-

dicators are, on the other hand, obtained through expert-based procedures, includ-

ing, in particular, the Delphi method regularly used both for identification of po-

tential indicators and their evaluation among stakeholders, ensuring that these 

reflect reality specific to agriculture of the Baltic Sea region. Quantitative multi-

criteria decision-making (MCDM), namely BWM and TOPSIS, then translates 

expert knowledge/insights and empirical data into prioritisation/comparative as-

sessment. This triangulation adds to and improves the analytic validity, strength-

ens the robustness of findings, and closes the gap between conceptual develop-

ment and actual policy application. 
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Taken together, these methodological choices guarantee that the dissertation 

stays conceptually rigorous while remaining empirically grounded and responsive 

to the decision-making needs of agricultural stakeholders and policymakers in the 

Baltic region. 

2.2. Research Design and Framework 

The methodological design of this dissertation rests on an integrated and sequen-

tial research framework that clearly connects the research aim and tasks to the 

applied methods, data sources, and empirical outputs. This design explicitly tar-

gets the methodological and conceptual gaps made evident in the literature (most 

notably, limited operationalisation of indicators of economic sustainability, weak 

regional specificity, and poor comparability among existing assessments). 

The framework thus guarantees that the assessment of the economic sustain-

ability of the agricultural sector in the Baltic States is grounded theoretically and 

factually, and policy-relevant through the interweaving of a qualitative-based con-

tact with a quantitative-oriented 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 this research process are sequential with logical links 

from indicator identification, focus and filtering to the prioritisation by experts 

across and finally, quantitative performance testing based on harmonised statisti-

cal data. Figure 2.1 shows the overall research logic and interdependencies be-

tween stages. A complete analytical framework of the dissertation is presented.  

The sequential logic of the research design is depicted in Figure 2.1, which 

also illustrates how each methodological element informs the evaluation of eco-

nomic sustainability for agricultural systems. The research process consists of 

four interdependent and sequentially ordered phases, including the conceptual de-

velopment and indicator identification, followed by expert-based prioritisation be-

fore benchmarking empirically. Figure 2.1 gives a visual representation of the 

methodological flow and shows how SALSA/PRISMA aid the identification of 

indicators, the Delphi method assists expert validation, BWM helps derive indi-

cator weights, and TOPSIS allows comparative economic sustainability bench-

marking. 

SALSA and PRISMA procedures are applied in Stage 1 to systematically 

identify potential economic sustainability indicators from the academic literature, 

European Union policy documents, and statistical frameworks. This stage pro-

vides conceptual validation and international standardisation. The review focuses 

on environmental and social indicators as they relate to the context, with the main 
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output being a provisional set of indicators that focus 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 two-round 

consultation process is undertaken with experts from Lithuania, Latvia, and Esto-

nia with backgrounds ranging from agricultural economics to sustainability and 

rural development. This stage also meets the need for regionally-specific or con-

textually-accurate indicators, since, based on the experiences with global indicator 

networks, post-transition contexts require different indicators from generic ones 

due to limited validity. 

 

Fig. 2.1. Research process and methodological framework for assessing the economic 

sustainability of the agricultural sector 

Research Aim

Development and validation of an expert-weighted indicator 
system and multi-criteria comparative benchmarking model 
for assessing the economic sustainability of the agricultural 

sector in Lithuania and the Baltic States 

Stage 1: Identification of Economic Sustainability
ω LƴŘƛŎŀǘƻǊǎ ŀƴŘ 5ŀǘŀ {ƻǳǊŎŜǎ ό{![{! ϧ twL{a!ύ
ω {ŎƛŜƴǘƛŦƛŎ ƭƛǘŜǊŀǘǳǊŜ ϧ 9¦ ǇƻƭƛŎȅ ŘƻŎǳƳŜƴǘǎ
ω tǊŜƭƛƳƛƴŀǊȅ ŜŎƻƴƻƳƛŎ ƛƴŘƛŎŀǘƻǊ ǎŜǘ

ω LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ 9¦wh{¢!¢ ϧ ƴŀǘƛƻƴŀƭ ŘŀǘŀǎŜǘǎ 

Stage 2: Expert Validation of Economic Indicators
(Delphi Method)
ω 9ȄǇŜǊǘ ǎǳǊǾŜȅ Řŀǘŀ

ω Cƛƴŀƭ ŜŎƻƴƻƳƛŎ ƛƴŘƛŎŀǘƻǊ ǎŜǘ

Stage 3: Weighting of Economic Sustainability Indicators
(BestςWorst Method ςBWM)
ω 9ȄǇŜǊǘ-informed weights

Stage 4: Comparative Economic Sustainability Assessment
(TOPSIS)

ω 9¦wh{¢!¢ ϧ ƴŀǘƛƻƴŀƭ ǎǘŀǘƛǎǘƛŎŀƭ Řŀǘŀ
ω 9ŎƻƴƻƳƛŎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǊŀƴƪƛƴƎǎ ό[¢Σ [±Σ 99ύ 
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In Stage 3, the validated economic indicator set is weighted using the Bestï

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 suitability for small expert panels. The 

main output of this stage is a transparent and replicable set of expert-informed 

indicator weights. 

In Stage 4, the Technique for Order Preference by Similarity to Ideal Solution 

(TOPSIS) integrates the BWM-derived weights with standardised 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 quantitative perfor-

mance scores that support evidence-based 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 staged structure provides for cohesion throughout the research process 

and an effective decision-support tool that allows for assessing the 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 documentary data, (ii) expert survey 

data, and (iii) secondary quantitative statistical data. 

Bibliographic and documentary data are used in Stage 1 (Indicator Identifi-

cation and Screening) to support a systematic literature review and extraction of 

economic sustainability 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 EUR-Lex database, the European 

Commission Directorate-General for Agriculture and Rural Development (DG 

AGRI) 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, energy integration, 

productivity, and market, relevant 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 experts from 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 clarity, while data collected for the Bestï
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Worst Method (BWM) provide pairwise comparisons for deriving expert-in-

formed indicator weights. 

Secondary quantitative statistical data are used in Stage 4 (Comparative Eco-

nomic Sustainability Assessment). The principal source 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 renewable energy 

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 market conditions required for applying TOPSIS and generating comparative 

rankings. The integration of harmonised secondary data with region-specific ex-

pert knowledge ensures that the proposed assessment system is transparent, repro-

ducible, and sensitive to the structural and institutional realities of the Baltic agri-

cultural sector. 

2.4. Indicator Identification and Screening 

Choosing indicators is a crucial step in developing a coherent, context-sensitive 

system for the economic sustainability assessment of the Baltic Statesô agricul-

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 conceptual grounding, cross-

country comparability, and regional relevance. Thus, the indicator selection pro-

cess incorporated a structured two-phase screening logic consistent with estab-

lished systematic review methodology. 

In the first phase, a wide range of potential indicators was identified from a 

literature review of peer-reviewed academic publications, European Union policy 

frameworks, and established monitoring systems, including the FAOSTAT data-

base (FAO), the OECD Agricultural and Environmental Indicators database and 

EUROSTAT datasets such as Agricultural Economic Accounts (EAA), Farm 

Structure Survey (FSS) and Energy Statistics. SALSA and PRISMA procedures 

allowed for a transparent, replicable process for identifying determinants, con-

sistent with internationally recognised standards. This approach minimised the 

risk of selective inclusion and addressed the methodological issues noted in the 

First Chapter, particularly the lack of coherent, prioritised indicators for economic 

sustainability. 

In the second phase, this initial indicator set was further refined according to 

three main selection criteria to optimise 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 dependency, labour constraints, or limited 

capital formation. 

Second, available harmonised and comparable data across Lithuania, Latvia, 

and Estonia ensures its suitability for qualitative evaluation using BWM and quan-

titative evaluation using TOPSIS in subsequent calculations (measurability). 

Third, non-redundancy means that there must be no conceptually similar or 

highly correlated indicators when calculating an index, to avoid double-counting 

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 relevance), it was excluded 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 structured identification and screening process, the study im-

proves methodological transparency and ensures that the generated assessment 

system is driven by analytical rigour, regionally appropriate and clearly set out in 

terms of delivering insights on the economic sustainability of agriculture for the 

countries studied (the Baltic States). 

2.4.1. SALSA method 

The SALSA framework is a structured, widely used approach to 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 well-defined search keywords and inclusionïexclusion criteria. 

The second phase is the Appraisal, which highlights the scrutiny and quality eval-

uation of studies. In the Synthesis stage, findings of selected studies are organised, 

compared, and integrated so that researchers can recognise recurring themes and 

gaps. Finally, the Analysis stage allows for interpreting the synthesised evidence 

against the research goals, resulting in actionable insights and research implica-

tions. SALSA works well in systematic reviews, as it minimises researcher bias 

and offers an audit trail from data to final interpretation. 

2.4.2. PRISMA Method 

In addition, the PRISMA paradigm provides a tool that summarises the minimum 

information required to describe the systematic review process. PRISMA pro-

motes methodological transparency by mandating that researchers record each 

stage of study selection, which is frequently depicted in a flow diagram showing 
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the number of studies identified, screened, excluded, and included for analysis. 

This ensures replicability and allows future scholars to assess or duplicate your 

review process. The value of the PRISMA protocol is particularly high in sustain-

ability research because it reduces the danger of selective reporting and increases 

confidence in evidence synthesis. 

The integration of SALSAôs systematic process orientation with PRISMAôs 

transparency and rigorous reporting ensures not only the robustness of the derived 

analysis but also the quality, reliability, and repeatability of the presentation, 

which are critical for advancing scholarly conversations in agricultural sustaina-

bility. Section 2.5 describes the theoretical foundations of the multi-criteria deci-

sion-making methods used in subsequent stages (Delphi method, BestïWorst 

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 issues that are not amenable to 

single-variable or purely statistical techniques. When indicators can greatly differ 

in scale, relevance, and measurability, such complex systems need a structured 

multi-criteria decision-making (MCDM) approach to evaluate the effectiveness of 

interventions. MCDM provides a consistent approach for prioritising economic 

sustainability indicators and assessing cross-country performance, in line with 

theoretical requirements and policy-making needs of this research. 

From a theoretical viewpoint, MCDM is based on multi-attribute utility the-

ory and decision science, which treat complex decision problems as functions of 

multiple criteria that may conflict with one another. In sustainability assessment, 

this theoretical basis underlines the ability to break sustainability down into meas-

urable dimensions, rank indicators by importance, and aggregate them to yield an 

overall measure of performance. Thus, the chosen MCDM techniques are theoret-

ically justified for mapping multidimensional sustainability concepts into practi-

cal, comparable performance measures. 

MCDM is adopted in this study to overcome the identified methodological 

limitations in the literature. A prevalent approach to sustainability assessments is 

the use of unweighted or implicitly weighted indicators, which mask the relative 

importance of major economic drivers, such as investment intensity, income di-

versification, labour productivity, and market access. MCDM addresses this lim-

itation by providing a structured approach that incorporates expert judgement into 

the weighting process to ensure indicators strike a proper balance between theory 
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and regional relevance. This is particularly relevant in the Baltic States: the struc-

tures and policies of these countries differ and need to be evaluated according to 

context, as compared to those of Western Europe. 

The MCDM also addresses data heterogeneity. The rudimentary statistical 

comparisons are cumbersome for direct comparison of Baltic agricultural systems 

with varying energy dependencies, productivities, and markets. By leveraging nat-

ural language, avoiding the pitfalls of parametric assumptions, and combining ex-

pert input with empirical data, MCDM generates analytically sound rankings and 

performance scores that are interpretable for policymakers. Thus, this dual struc-

ture enables the assimilation of conceptual information alongside qualitative and 

quantitative data, in line with the pragmatic epistemology that underpins the dis-

sertation. 

This study proposes a methodological framework combining three comple-

mentary MCDM methods. The tests for indicator relevance use the Delphi 

method, which facilitates expert consensus and ensures that the resulting set of 

economic sustainability indicators captures both the structural and institutional 

realities of Baltic agriculture. The BW method provides a procedure with high 

transparency and mathematical consistency to determine indicator weights, mini-

mising subjective bias and increasing reliability. The final step involves the TOP-

SIS methodology, which processes the weights of each indicator and derives com-

parative performance rankings for Lithuania, Latvia, and Estonia, as well as 

evidence-based benchmarking to define priority action domains. 

A sequential and complementary procedure integrates both expert-based and 

quantitative information. Indicator weights will be produced based on expert judg-

ments using the BestïWorst Method, while indicator relevance and regional con-

text will be evaluated through elaborating expertsô input gathered using the Delphi 

method. These weights are then aggregated with standardised quantitative indica-

tor values based on EUROSTAT and national statistical sources, which are then 

entered into the TOPSIS model. In this way, specialist knowledge leads to 

weighted measures of importance for the indicators themselves, while quantitative 

figures drive performance levels across countries, ensuring a clear, ring-fenced 

division between meaningful roles and a consistent integration of qualitative and 

quantitative evidence. 

Overall, the combined effort of these multiple-criteria decision-making 

(MCDM) approaches supports operationalising constructs related to economic 

sustainability whilst also addressing some challenges posed by existing indicator 

systems to produce interpretable results that could inform decisions at national 

and EU levels. This integration guarantees that the economic sustainability eval-

uation of the Baltic agricultural sector is systematic, transparent, repeatable, and 

rooted in expert knowledge and empirical data. 
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2.6. Expert Panel Selection and Characteristics 

For the empirical parts of this dissertation, the Delphi assessment, the BestïWorst 

Method (BWM) weighting, and the TOPSIS-based comparative analysis insights 

from subject-matter experts with first-hand experience 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 and prioritisation of sustainability indicators using a purposive sam-

pling strategy. 

Experts were chosen according to the following: 

1. A minimum of ten years of professional experience in agricultural eco-

nomics, sustainability assessment, rural development, energy manage-

ment, or related fields. 

2. Demonstrated engagement with Baltic agricultural systems, either 

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), agri-environmental indicators, renewable-energy 

integration, and EU sustainability reporting requirements. 

4. Willingness to participate in multiple evaluation rounds, including 

Delphi consensus-building 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 institutions, and applied research organisa-

tions. Their varied professional backgrounds added to a balanced perspective on 

agricultural performance, sustainability constraints and policy priorities in the re-

gion. 

ī Lithuania:  agricultural economists, sustainability measurement re-

searchers, and national policy advisors. 

ī Latvia:  rural development specialists, agricultural policy analysts, and 

university faculty. 

ī 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. Next, the topological ranking method (TOPSIS) was used to compare 

them using 25 expert validated indicators and the standardised statistical data. 

These sample sizes are in line with established methodological guidelines for con-

sensus-oriented and multi-criteria decision-making studies. 
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At three critical points in the methodology, we consulted with experts: 

ī Delphi Method: validating the relevance, clarity, and contextual suita-

bility of the preliminary indicator set. 

ī BWM Weighting:  identifying the most and least important indicators 

and providing pairwise comparisons to derive weights. 

ī Interpretation of TOPSIS Outputs:  while not directly involved in com-

putation, expert-derived 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 realities in Baltic 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 were anonymised to limit bias 

and allow for free 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 procedures. Regions-tailored SDGs were developed through 

expert elicitation. Indicators were identified and scored for an in-depth assessment 

of the sustainability status of the ecosystem service. Expert-level focus on stake-

holder engagement was a part of practical experimentation. The involvement of a 

formalised expert panel enhances the methodology of the study and is in keeping 

with recent approaches to sustainability assessment, in which weightings are often 

informed by experts when data may be limited to context-specific settings. 

2.6.1. Delphi Method 

The Delphi Method is an organised, iterative forecasting and decision-making 

process, in which a group of specialists anonymously provides their thoughts and 

understanding of a given problem. Usually, there are several rounds of surveys or 

questionnaires. In each round, a facilitator summarises the answers and shares 

them with the experts. Expert anonymity promotes a candid and objective dia-

logue aimed at reaching consensus and convergence of viewpoints on the subject 

at hand. This approach is frequently used to gather data to predict future trends or 

results across various fields, including business, healthcare, and research. 

Usually, the Delphi Method entails the following crucial steps: 

The process of selecting experts involves identifying individuals with 

knowledge and experience relevant to the problem or topic under discussion. 

These specialists may be academics, practitioners, or professionals with real-

world expertise, and they may have different backgrounds. 
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Developing the Questionnaire: The facilitator creates a series of open-ended 

questions on the topic. The specialists are supposed to respond to these questions 

with consideration and knowledge. 

Expert Responses: The experts answer the questionnaire individually, offer-

ing their ideas and insights. Anonymous responses are collected to promote open 

and objective feedback. 

Comments are Collected: The facilitator gathers and anonymises the expert 

comments before sending out the condensed feedback to each participant. 

Iterative Process: experts evaluate the groupôs replies from Round 1 and have 

the chance to modify their assessments or opinions in light of peer feedback. This 

process continues for multiple iterations until a convergence or consensus is 

achieved. 

The role of the facilitator is to oversee the entire process, ensuring that all 

communication is anonymous, summarising responses in between rounds, and 

providing participants with feedback. The facilitator may also assist in identifying 

areas of disagreement and steer the experts towards consensus. 

Consensus or Conclusion: The Delphi Method ends when sufficient agree-

ment among the experts is reached or when it becomes clear that further rounds 

would not yield a substantial change in viewpoints. The final findings are fre-

quently presented in a condensed report or a list of suggestions. 

2.6.2. BestïWorst Method  

The process is referred to as the BestïWorst Method, whereby options are 

weighed in terms of their most favourable value vs their least favourable value 

with a view towards 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 long-term outcomes. The ñbestïworstò approach attempts to balance 

many different competing priorities and aims, and its process is one of picking the 

action that seems to provide a maximum all-round value or return on investment. 

This approach is often employed to ensure that decisions align with organisational 

goals and yield maximum value across complex decision contexts, such as project 

selection, procurement, or resource allocation (Rezaei, 2015). The steps of the 

original BWM can be described briefly as follows:  

Step 1: Establish a set of decision-making criteria (the decision maker does 

this): (c1,c2,...,cn) (Rezaei, 2015).  

Step 2: Ranking the criteria 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 best-to-others (BO) vector is then shown as 
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AB = (aB1, aB2, aB3,..., aBn), where aBn represents the preference of criterion CB over 

criterion Cn.  

Step 4: Using a number between 1 and 9, calculate each criterionôs preference 

to the worst criterion. The others-to-worst (OW) vector is then shown as AW = 

(a1W ,a2W ,a3W ,...,anW)T, where ajW denotes criterion cjôs 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 ὥ  and ὥ  for all 

j . To solve this problem, a minïmax Model (1) is formed (Rezaei, 2015): 
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Model (1) is equivalent to Model (2) by using ɝ to denote the maximal devi-

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 be prioritised based on the weights that were ob-

tained. Priority would be given to the criterion with the highest weight. The con-

sistency ratio in this method ranges from 0 to 1, as determined by Eq. (2.3). Higher 

consistency is indicated by a value nearer to 0 (Rezaei, 2015).  

 Consistency Ratio =  
  

 , (2.3) 
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where Table 2.1 is used to calculate the consistency index in relation to the number 

of criteria. Given the benefits, the BWM has received more and more attention in 

recent years. 

Table 2.1. Consistency index (CI) table 

The maximal pref-

erence degree of 

the best over the 

worst 

1 2 3 4 5 6 7 8 9 

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 multi-criteria benchmarking model is ensured 

through the use of standardised and measurable indicators, publicly available sta-

tistical data, and mathematically defined weighting and aggregation procedures. 

Indicator weights are derived using the BestïWorst Method, which minimises 

subjective bias through structured pairwise comparisons and consistency ratio 

checks. Consequently, expert judgments are transformed into quantitative weights 

using an optimisation model rather than an arbitrary assignment. 

2.6.3. TOPSIS Ranking 

A questionnaire survey was conducted with 25 senior researchers who work in the 

fields of sustainable agriculture, environmental science, and policies, mainly from 

Lithuania. Researchers were requested to give the importance of 21 potential sus-

tainability indicators, consisting of six categories, on a scale where each item was 

compared with all the other items. Moreover, in the course of the present study, 

the TOPSIS technique was used to rank alternatives relative to the ideal and neg-

ative-ideal solutions based on weighted sustainability indicators. Although TOP-

SIS is conventionally applied to alternatives (e.g., countries or projects), it is also 

used in ranking criteria when expert scoring is applied (Hajiaghaei-Keshteli et al., 

2023). 

TOPSIS is based on expert evaluations of indicators used with the Euclidean 

distance of each indicator from the ideal solution and the negative-ideal solution. 

Thereby, the indicators were ordered in terms of their closeness to the ideal solu-

tion to establish an important criterion hierarchy. 

Step 1: Construct the Decision Matrix 

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

ὢ represents the performance of alternative ὃ under criterion ὅ. 
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where i =1,2,...,m (representing the number of alternatives); j =1,2,...,n (represent-

ing the number of criteria). 

Step 2: Normalise the Decision Matrix 

Normalise the decision matrix using the following formula (Hajiaghaei-

Keshteli et al., 2023): 

 ὶ ὼȾВ ὼ  ,          (2.5) 

where ὶ is the normalised value for alternative Ὥ under criterion j. 

Step 3: Construct the Weighted Normalised Decision Matrix 

Multiply each element of the normalised decision matrix by the correspond-

ing criteria weight (Hajiaghaei-Keshteli et al., 2023): 

 ὺ ὡ ὶz Ƞ Ὥ ρȟςȟȣȟὍȠὮ ρȟςȟȣȟὐȟ        (2.6) 

ὺ represents the weighted normalised value for alternative i under criterion j.  

ὡ  is the weight assigned to criterion j, derived from expert evaluations and ag-

gregated using the geometric mean method.  

ὶ  represents the normalised decision value for alternative iii under criterion j. 

Where ὺ  is the weighted normalised value for alternative ὃ under criterion ὅ. 

Step 4: Determine the Positive Ideal and Negative Ideal Solutions 

The positive ideal solution ὃ  and the negative ideal solution ὃ  are defined 

as (Hajiaghaei-Keshteli et al., 2023): 

 ὃ ὺȟὺȟȣȟὺ Ƞ       (2.7) 

 ὃ ὺȟὺȟȣȟὺ ,        (2.8) 

where, 

ὺ
ÍÁØὺȟὭὪ Ὦ Ὥί ὥ ὦὩὲὩὪὭὸ ὥὸὸὶὭὦόὸὩ

ÍÉÎὺȟὭὪ Ὦ Ὥί ὥ ὧέίὸ ὥὸὸὶὭὦόὸὩ
 

ὺ
ÍÉÎὺȟὭὪ Ὦ Ὥί ὥ ὦὩὲὩὪὭὸ ὥὸὸὶὭὦόὸὩ

ÍÁØὺȟὭὪ Ὦ Ὥί ὥ ὧέίὸ ὥὸὸὶὭὦόὸὩ
 

where J benefit is the set of benefit criteria and J cost is the set of cost criteria. 

Step 5: Calculate the Separation Measures 

Calculate the separation of each alternative from the positive ideal solution 

Ὓ  and the negative ideal solution Ὓ  using the Euclidean distance (Hajiaghaei-

Keshteli et al., 2023): 
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Step 6: Calculate the Relative Closeness to the Ideal Solution 

Calculate the relative closeness of each alternative to the ideal solution 

(Hajiaghaei-Keshteli et al., 2023): 

 ὅᶻ  z,   

where ὅᶻis the relative closeness of alternative ὥ to the ideal solution. 

Step 7: Rank the Alternatives 

Finally, rank the alternatives based on their ὅᶻ values. The higher the ὅᶻ, the 

closer the alternative is to the ideal solution, and thus the better the alternative. 

The transparency of the TOPSIS-based evaluation in this study is ensured 

through the explicit reporting of each computational step, including construction 

of the decision matrix, normalisation, application of expert-derived weights, iden-

tification of positive and negative ideal solutions, calculation of separation 

measures, and derivation of relative closeness coefficients. The 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 combination with fixed expert-derived weights, it al-

lows identical inputs to always produce identical outputs, which warrants repro-

ducible sustainability assessments. 

More specifically, the methodological framework combines systematic liter-

ature review, expert validation, structured weighting and quantitative benchmark-

ing into a holistic assessment system centred on farm sector economic sustaina-

bility. Through the sequential combination of SALSA/PRISMA-based indicator 

identification, Delphi validation, BestïWorst weighting and TOPSIS-based com-

parative evaluation, the study provides methodological transparency while ensur-

ing adherence to region-specific synergies and dis-synergies alongside analytical 

rigour. This integrated approach both supports the statement of research aim and 

provides a solid foundation for the empirical analysis undertaken in the Third 

Chapter. 

2.7. Conclusions of the Second Chapter 

1. The dissertationôs methodological framework is positioned as an inte-

grated approach based on systematic literature review protocols (SALSA 
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and PRISMA) for knowledge generation, the aim of expert elicitation to 

define the context for research questions (Delphi method), and multi-cri-

teria decision-making (MCDM) techniques to guarantee theoretical rig-

our coupled with a pragmatic advantage. 

2. Using SALSA and PRISMA provides a transparent, reproducible basis 

for recognising, re-evaluating, and grouping sustainability indicators re-

lated to the agribusiness sector. 

3. The Delphi method allows for the verification and improvement of indi-

cators through expert consensus, thereby enhancing their relevance to the 

context of Baltic agricultural systems. 

4. BWM was applied to ensure the derived indicator weights are consistent 

and reliable, thereby enhancing the objectivity and interpretability of the 

assessment framework. 

5. Using the TOPSIS method, countries can be compared and ranked unam-

biguously based on their economic sustainability performance, measured 

by distance to the ideal solution. 

6. The expert-based judgments are combined with standardised 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 

normalisation, weighting, and ranking procedures, are explicitly defined. 

8. The developed approach provides a coherent and operational basis for 

assessing the economic sustainability of the agricultural sector, which is 

applied in the next chapter to the case of the Baltic States. 
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3 
Economic Sustainability Assessment 

Results of the Agricultural Sector  

This chapter presents empirical assessment results on the 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 economic performance rather than as independent objects of assess-

ment. This chapter is based on and further develops the results presented in the 

following publications: ñSustainability Assessment of the Agriculture Sector Us-

ing the BestïWorst Method: Case Study of Baltic Statesò (Streimikis et al., 2024) 

and ñAssessing Sustainable Agriculture in the EU/Baltic Countries Using Multi-

Criteria Decision Making (MCDM) and EUROSTAT Data Using Stakeholderôs 

Viewò, (Bathaei & Streimikiene, 2025) published in journals indexed in the Cla-

rivate Analytics Web of Science Core Collection. 
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3.1. Economic Sustainability Assessment of the 
Agricultural Sector Using the BestïWorst 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 system stability, rural em-

ployment, and national competitiveness (Pandey et al., 2025). Persistent structural 

economic problems, such as market volatility, heterogeneous farm structures, lim-

ited investment capacity, and rising production factor prices, continue to burden 

agricultural systems in the European Union (EU), especially in its eastern member 

states. This pressure is largely noticeable in the Baltic States, Lithuania, Latvia, 

and Estonia, and may constitute a barrier to fulfilling goals set in the European 

Green Deal and the Common Agricultural Policy (CAP) (Salvan et al., 2022). 

Economically, agricultural sustainability cannot be measured solely by short-

term profitability. It includes resource-use efficiency, income stability, adaptive 

capacity and preparedness for external shocks. Despite this importance, the eco-

nomic dimension has been less thoroughly explored than the environmental and, 

to a lesser extent, the social dimensions. Several earlier studies rely on limited 

indicator sets or basic descriptive statistics to explain the complex interactions 

between economic drivers. Consequently, there is a methodological gap in iden-

tifying, structuring, and prioritising the key economic indicators that determine 

agricultural sustainability at the regional level. Table 3.1 summarises the initial 

pool of economic indicators compiled from the literature. 

To address this gap, the present study applies the BestïWorst Method 

(BWM), an advanced multi-criteria decision-making (MCDM) technique, to iden-

tify and rank the most important economic indicators of agricultural sustainability 

in the Baltic States. BWM was selected because it improves on traditional pair-

wise comparison methods, such as the Analytic Hierarchy Process (AHP), by re-

ducing cognitive load for experts, enhancing internal consistency, 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 experts representing academia, public institutions, 

and the agricultural sector of Lithuania, Latvia, and Estonia. Using a two-round 

Delphi procedure, the experts evaluated an initial set of 31 economic indicators 

derived from the literature and policy documents. Indicators were rated for their 

relevance to the economic sustainability of the agricultural sector on a five-point 

Likert scale. Following each round, mean relevance scores and levels of agree-

ment were calculated. Indicators were retained only if they achieved a mean score 



3. ECONOMIC SUSTAINABILITY ASSESSMENT RESULTS OF THE... 49 

 

of at least 4.0 and agreement of at least 70% among the participating experts. Us-

ing this predefined consensus rule and iterative feedback, the initial list was re-

fined to nine indicators, all considered theoretically sound and regionally relevant. 

In the second phase, the validated indicators were weighted using BWM. Ex-

perts identified the ñbestò (most important) and ñworstò (least important) indica-

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, the combined DelphiïBWM approach produces a structured, empiri-

cally grounded decision-support framework. It links the conceptual understanding 

of economic sustainability with the specific structural characteristics of Baltic ag-

riculture, providing a rigorous basis for subsequent cross-country comparisons 

and policy analysis. 

Table 3.1. Sustainability assessment of the agriculture indicators 

Indicators Definition References 

Accessibility The simplicity with which farmers 

can access vital tools, markets, 

and services for their agricultural 

endeavours. 

(Rondhi et al., 2018; Tey et al., 

2012) 

Agricultural 

activities 

All of the activities and proce-

dures involved in farming, such as 

the planting, growing, and har-

vesting of crops, as well as the 

control of livestock. 

(Lebacq et al., 2013) 

Agricultural 

labour  

productivity 

The ratio of agricultural output to 

labour input, which reflects the ef-

fectiveness of the labour force. 

(Zhang et al., 2022; Zhang, 

Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, 

Zhao, Zou et al., 2021) 

Agricultural 

support 

Policies, subsidies, and pro-

grammes of the government, in-

tended to help farmers by offering 

financial incentives, technical 

support, or market support. 

(Zhang, Yao, Vishwakarma, 

Dalin, Komarek, Kanter, Da-

vis, Pfeifer, Zhao, Zou et al., 

2021) 

Animal  

feeding 

The effective and sustainable 

methods for feeding and caring 

for livestock to maximise output. 

(Chadwick et al., 2015; Lebacq 

et al., 2013) 
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Continued Table 3.1 

Indicators Definition References 

Capital 

productivity 

The effectiveness with which ag-

ricultural operations can generate 

returns from capital investments, 

such as machinery and equipment. 

(CzyŨewski & Matuszczak, 

2016; Dos-Santos & Diz, 

2019; Kheyfets & Chernova, 

2019) 

Cost The total cost of producing agri-

cultural goods, including labour, 

overhead, and inputs. 

(Raliya et al., 2017; Tey et al., 

2012) 

Credit  

availability 

The availability of loans and other 

forms of funding to farmers for 

the purchase of agricultural inputs 

and activities. 

(Zhang, Yao, Vishwakarma, 

Dalin, Komarek, Kanter, Da-

vis, Pfeifer, Zhao, Zou et al., 

2021) 

Diversification 

of activities 

Utili sing a range of agricultural 

methods and techniques to lower 

risk and improve economic stabil-

ity. 

(Biczkowski et al., 2021; Yo-

shida et al., 2019) 

Diversification 

of income 

Generating income from a variety 

of sources, including non-agricul-

tural pursuits, to lessen income 

volatility and improve the stand-

ard of living. 

(Bojnec & Knific, 2021; 

Kassie, 2018) 

Efficiency The efficient use of resources, 

such as capital, labour, and land, 

to increase output while reducing 

input use. 

(Lebacq et al., 2013; Raliya 

et al., 2017; Zulfiqar et al., 

2019) 

External  

financing 

The accessibility of financial re-

sources and investments from out-

side the farm, including grants, 

loans, and equity investments. 

(Lebacq et al., 2013) 

External in-

come 

Income derived from non-agricul-

tural pursuits like employment 

away from the farm or non-agri-

cultural business endeavours. 

(Lebacq et al., 2013; Wale & 

Chipfupa, 2021) 

External  

inputs 

Resources used in farming opera-

tions, such as seeds, pesticides, 

and fertilisers. 

(Altieri et al., 2017; Lebacq 

et al., 2013; Singh et al., 2019; 

Tello et al., 2016) 

Farmôs  

profitability 

The farmôs financial viability is 

determined by the financial re-

turns from agricultural produc-

tion, taking both revenues and 

costs into account. 

(Lebacq et al., 2013; Piedra-

Mu¶oz et al., 2016) 
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Continued Table 3.1 

Indicators Definition References 

Farmerôs risks The degree of risk and uncertainty 

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, Dalin, Komarek, 

Kanter, Davis, Pfeifer, Zhao, 

Zou et al., 2021) 

Food loss The volume of agricultural prod-

ucts that are mishandled, mis-

sorted, or spoiled after harvest. 

(Manikas et al., 2022; Shafiee-

Jood & Cai, 2016; Wunderlich 

& Martinez, 2018; Zhang, 

Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, 

Zhao, Zou et al., 2021) 

Income The money made from agricul-

tural and non-agricultural activi-

ties, supporting farmersô overall 

way of life. 

(Lebacq et al., 2013; Tey et al., 

2012) 

Investment  

intensity 

The portion of income or re-

sources invested in agricultural 

technologies and improvements. 

(Jayne et al., 2019; Nin-Pratt, 

2021) 

Labour 

productivity 

The output produced per unit of 

labour in agriculture, used to de-

termine the efficiency of labour 

input. 

(Constantin et al., 2021; Dor-

ward, 2013; Kheyfets & Cher-

nova, 2019) 

Land  

productivity 

The output produced per unit of 

land area, used to gauge how ef-

fectively land is used in agricul-

ture. 

(Coomes et al., 2019; Trukha-

chev et al., 2014) 

Liquidity The ability of agricultural opera-

tions to meet short-term financial 

obligations with cash on hand or 

easily convertible assets. 

(Zeweld et al., 2017; Zorn 

et al., 2018) 

Market access  The capacity of farmers to access 

and engage with markets for the 

sale of their agricultural goods. 

(Kopper & Jayne, 2019; 

Opolot et al., 2018; Zhang, 

Yao, Vishwakarma, Dalin, Ko-

marek, Kanter, Davis, Pfeifer, 

Zhao, Zou et al., 2021) 
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End of Table 3.1 

Indicators Definition References 

Marketability How simple it is to sell agricul-

tural goods in national, interna-

tional, or local markets. 

(Lebacq et al., 2013; Tey et al., 

2012) 

Mineral  

fertilisers 

Agriculture uses synthetic fertilis-

ers to improve soil fertility and 

crop yields. 

(Lebacq et al., 2013; Mart²nez-

Alc§ntara et al., 2016) 

Non-agricul-

ture activities 

Activities that generate income 

but are not farming, such as busi-

nesses or jobs that are not related 

to agriculture. 

(Lebacq et al., 2013) 

Price The price at which agricultural 

goods are bought and sold on the 

market, affecting how much 

money farmers make from their 

harvest. 

(Mateos-Ronco & Server 

Izquierdo, 2020; Meloviĺ 

et al., 2020; Tey et al., 2012) 

Production The volume of agricultural output 

produced by farming activities, 

such as crop yields or livestock 

products. 

(Lebacq et al., 2013) 

Profitability The financial gains from agricul-

tural activities after deducting 

costs and revenues. 

(Jat et al., 2020) 

Subsidies Governments or organisations 

may offer farmers financial incen-

tives or assistance to promote par-

ticular agricultural practices or 

goods. 

(Lebacq et al., 2013; Scown 

et al., 2020; Veisi et al., 2016) 

Working  

capital level 

The availability of short-term re-

sources and liquid assets to pay 

for agricultural operations. 

(Lebacq et al., 2013) 

3.1.2. Key Finding of Economic Indicators 

The DelphiïBWM analysis yields a clear, internally consistent prioritisation of 

nine economic indicators representing the economic sustainability of the agricul-

tural sector in the Baltic States, as shown in Table 3.2. The resulting weights in-

dicate a pronounced concentration of importance in four core indicators: invest-

ment intensity, income diversification, agricultural labour productivity, 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 contributor to sustainable economies. It 

is believed that ongoing investments in machinery, infrastructure, and technolog-

ical innovation are indispensable to increasing productivity, lowering costs and 

ensuring long-term competitiveness. Simultaneously, experts highlighted signifi-

cant differences in investment capacity across and within countries in the Baltic 

region, especially for small and medium-sized farms with limited credit access 

and support schemes. 

Income diversification is the second weight (0.124555). Experts said diver-

sifying how farmers make money by seeking off-farm work, doing value-added 

processing, running agritourism businesses or producing renewable energy can 

help diffuse vulnerability to price fluctuations, climatic shocks and changes in 

policy. For this reason, in the Baltic context, where farms are exposed to external 

markets and climatic variability, diversified income streams have been regarded 

as a mechanism crucial for the stability of farm householdsô livelihoods. 

Income diversification comes first, followed by agricultural labour produc-

tivity (0.099644) and efficiency (0.083037). These indicators reflect the capacity 

of farms to produce output with limited labour input, which is particularly relevant 

for the Baltic Statesô context of demographic decay and rural out-migration. An-

alysts stressed that training, digitalisation and mechanisation are fundamental for 

raising labour 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 trade linkages are the necessary conditions for achieving econ-

omies of scale and raising incomes at the farm level. Weak market access, in turn, 

reinforces structural disadvantages, particularly for small farms and remote rural 

areas. 

Income, profitability and working 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 stabilising 

conditions, depending on the more fundamental drivers above. Working capital is 

required to finance inputs and investments, while profitability and income levels 

are manifestations of the cumulative results of investment, productivity, and mar-

ket integration. While important, subsidies should be enabling. Thus, it is im-

portant to remove 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 highlight country profiles. Lithuania is mostly rated average 
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in investment intensity, productivity and profitability, and is regarded as more de-

veloped in terms of modernisation and institutional support. Estonia is among the 

best in terms of access and digital maturity. Its large-scale impacts are hampered 

by land area. Latvia has relatively weak performance in higher weight indicators, 

including investment intensity and efficiency, indicating that targeted support for 

farm modernisation and access to finance may be warranted. 

Overall, the results state that the economic sustainability of Baltic agriculture 

is not dependent on a single factor, but rather a composite of indicators which 

mutually support or hinder each other. The key set of levers to enhance resilience 

and competitiveness under the European Green Deal and the CAP provided by 

investment conditions, income diversification, productivity and market integra-

tion. 

Methodologically, the study showcases a combination of Delphi and BWM 

as a contextually valuable and portable analytic tool for structuring expert 

knowledge, particularly in data-sparse or structurally specific contexts. It offers 

transparent, reproducible weights ready to be included in wider sustainability as-

sessment frameworks, such as the TOPSIS-based comparative analysis carried out 

in this dissertation. 

In conclusion, this research operationalises the economic dimension of agri-

cultural sustainability in the Baltic States by transforming conceptual knowledge 

into a hierarchised indicator system. In some regional settings, these findings pro-

vide clear guidance for policymakers that strategies to facilitate timely invest-

ments, income diversification, productivity-enhancing technologies, and better 

access to markets yield the biggest benefits with regard to improving the long-

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 0.29656 

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 BestïWorst Method showed how the developed conceptual 

indicator framework was translated into a prioritised structure based on expert 

judgment representing the relative importance of economic sustainability drivers 

in the Baltic agricultural context. This prioritisation is an essential methodological 

move, since it reflects qualitative relevance into quantitative weights. These 

weights are then used in the comparative analysis provided in the next subsection, 

where empirical data and expert-derived priorities are integrated to evaluate sus-

tainability performance country-wise. 

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

3.2.1. Comparative Sustainability Assessment Results 

This study utili ses a complete and traceable application of TOPSIS, producing the 

intermediate and final results, such as normalised decision matrices, weighted nor-

malised matrices, distances to positive and negative ideal solutions, relative close-

ness coefficient for each country, etc. 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 reproducible, as the same dataset and BWM-

derived indicator weights are used to transform each countryôs rankings. 

Post-image sustainable agriculture is at the core of the European Unionôs so-

cio-economic and environmental policy agenda, notably under the banner of the 

European Green Deal and the reformed Common Agricultural Policy (Addai 

et al., 2024). However, determining sustainability 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 particularly relevant in the context of the Baltic 

States, Estonia, Latvia, and Lithuania, where agricultural structures retained as-

pects of post-transition features, subsistence-oriented farm structure, higher het-

erogeneity on capital investments and environmental pressures (Salvan et al., 

2022). To tackle these challenges, an MCDM technique was applied, based on the 

optimality principle of selecting alternatives whose positive-ideal solution (the 

best in all aspects) and negative-ideal solution are nearest. The assessment inte-

grates EUROSTAT quantitative indicators with weights based on expert opinion, 

which balances methodological robustness and contextual relevance. An initial 

sustainability indicator set was selected. It was structured along the economic, 

environmental, and social dimensions of sustainability, drawn from international 

frameworks, and validated by regional experts. 
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Sustainable agriculture plays a pivotal role in the European Unionôs socio-

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 CAP (Addai et al., 2024). But evaluating 

sustainability at a regional scale is difficult because most available assessments 

focus on independent environmental, economic, or social indicators rather than 

their interdependence. A particularly relevant variant is in the Baltic States, Esto-

nia, Latvia, and Lithuania, where agriculture is defined by post-transitional con-

ditions of fragmented farm size, uneven investment capacity, and entrenched en-

vironmental pressure (Salvan et al., 2022). 

This study fills these gaps by developing an integrated sustainability assess-

ment using an MCDM approach based on 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 addressing the environmental, 

economic and social dimensions consistent with international frameworks, which 

were validated by regional experts. 

The developed framework is therefore a replicable analytical tool for regions 

to use in monitoring progress towards 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 methodology, as 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 3.3. Sustainability indicators for agricultural assessment in the Baltic States 

Code Indicators Sub-indicators 

A1 Food security 
Food insecurity experience scale (FIES) 

Average caloric intake per capita 

A2 Profitability 
Net farm income 

Profit margin per crop/livestock type 

A3 
Share of irrigable and 

irrigated areas 

Water efficiency and regional disparities in irriga-

tion 

Percentage of sustainable irrigation methods used 

A4 Land productivity 
Farm output value per hectare 

Yield per crop type 

A5 
Ammonia emissions 

from agriculture 
Emissions per livestock unit 
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Continued Table 3.3 

Code Indicators Sub-indicators 

  Emissions from different types of fertilisers 

A6 Water use 
Variation in water availability 

Water use efficiency per crop 

A7 
Share of main land 

types 

Trends in land use change 

Cropland vs grassland use 

A8 Biodiversity 
Use of agrobiodiversity supportive practices 

Percentage of land supporting pollinator species 

A9 Decent employment 
Wage rate in agriculture 

Percentage of workers with formal contracts 

A10 
Soil health (includes 

soil loss & erosion) 

Prevalence of soil degradation 

Estimated soil loss by water erosion 

Share of land affected by severe erosion 

Soil organic carbon content 

A11 Land tenure 

Secure tenure rights to land 

Percentage of land under dispute resolution mecha-

nisms 

A12 Resilience 
Risk mitigation mechanisms 

Farm insurance coverage 

A13 
Area under organic 

farming 

Percentage of agricultural land under organic farm-

ing 

Organic crop yield comparison 

A14 
Final energy con-

sumption 

Energy consumption per hectare 

Share of renewable energy in agricultural opera-

tions 

A15 Pesticide risk 

Sales of pesticides 

Management of pesticides 

Pesticide residue levels in crops 

A16 
Fertiliser pollution 

risk 

Management of fertilisers 

Fertiliser use efficiency 

A17 
Livestock density in-

dex 

Animal stocking density per hectare 

Environmental impact of stocking density (e.g., me-

thane emissions and soil degradation) 



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

 

End of Table 3.3 

Code Indicators Sub-indicators 

A18 Energy productivity 
Crop yield per unit of energy consumed 

Renewable energy use in agriculture 

A19 

Greenhouse gas 

emissions from agri-

culture 

CO2 equivalent emissions per hectare 

GHG reduction from sustainable farming practices 

A20 
Ammonia emissions 

% of total emissions 

Share of agriculture in total emissions 

Ammonia emissions by region 

A21 
Share of main live-

stock types 

Distribution and diversity of livestock types 

Share of pasture raised vs industrial livestock 

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, the interpretation 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. The results indicate 

that land productivity (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 inputs, and 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 further modernisation. 

Next on the economic indicators list is resilience (A12), as evidenced by risk 

mitigation mechanisms and insurance coverage at farms. This suggests that insti-

tutional and financial instruments play an essential role in enabling long-term farm 

viability. In an era of heightened climate variability and market volatility, resili-

ence-promoting mechanisms stabilise income variability and promote investment 

by reducing perceived risk. 

Based on the result, energy productivity (A18) is a significant component of eco-

nomically sustainable growth, and the share of irrigable and irrigated areas (A3) plays 

an important role in economic sustainability. High energy productivity decreases the 

average cost of producing a unit and increases production cost 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 resource-use efficiency and availability of in-

frastructure in determining farm-level economic performance. 

Table 3.4. Final ranking of 21 indicators 

Indicator/Theme Sub-indicator Ranking 

A10 Soil health 
Prevalence of soil degradation, soil loss by 

erosion 
1 

A6 Water use 
Water availability, water use efficiency per 

crop 
2 

A16 Fertiliser pollution 

risk 
Fertiliser use efficiency 3 

A8 Biodiversity 
Agrobiodiversity practices, pollinator spe-

cies 
4 

A13 Area under organic 

farming 

Percentage of agricultural land under or-

ganic farming 
5 

A19 Greenhouse gas emis-

sions 
CO2 equivalent emissions per hectare 6 

A5 Ammonia emissions 

from agriculture 
Emissions from livestock and fertilisers 7 

A4 Land productivity Farm output value per hectare, crop yields 8 

A12 Resilience Risk mitigation, farm insurance coverage 9 

A15 Pesticide risk 
Pesticide management, residue levels in 

crops 
10 

A18 Energy productivity 
Crop yield per unit of energy, renewable 

energy use 
11 

A9 Decent employment Wage rate in agriculture, formal contracts 12 

A3 Share of irrigable and 

irrigated areas 
Water efficiency, sustainable irrigation 13 

A7 Share of main land 

types 
Trends in land use change 14 

A2 Profitability 
Net farm income, profit margin per 

crop/livestock 
15 

A11 Land tenure 
Secure tenure rights to land, organic car-

bon content 
16 

A20 Ammonia emissions 

% of total 
Ammonia emissions by region 17 

A14 Final energy con-

sumption 

Energy consumption per hectare, renewa-

ble energy 
18 
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End of Table 3.4 

Indicator/Theme Sub-indicator Ranking 

A21 Share of main live-

stock types 

Share of pasture-raised vs industrial live-

stock 
19 

A1 Food security 
Food insecurity experience scale, caloric 

intake 
20 

A17 Livestock density in-

dex 

Animal stocking density, environmental 

impact 
21 

 

Profitability (A2) and final energy consumption (A14) reveal relatively lower 

positions regarding economic indicators. This indicates that even with improving 

productivity, many operations are unable to translate output gains into reliable and 

adequate incomes. High input prices, limited bargaining power in agri-food value 

chains, and restricted access to affordable finance were the remaining major bar-

riers to profitability. Likewise, excessive energy use per ha indicates structural 

inefficiencies that undermine cost competitiveness. 

Food security (A1) ranks lower in economic indicators; consequently, na-

tional food availability in the Baltic States exhibits greater stability while factors 

influencing farm-level economic sustainability are more strongly correlated with 

productivity, cost-efficiency and risk-management capacity than with aggregate 

food supply conditions. 

The conduct of multidimensional efficiency under the criteria of productivity 

growth, risk management, energy consumption 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 strengthening these areas 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 productivity and 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 for improv-

ing long-term competitiveness and resilience. 
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3.3. Synthesis and Interpretation of Economic 
Sustainability Findings 

The previous subsections describe stages in the analytical process that are tempo-

rally focused and hierarchical, moving from the identification and deduction of 

indicators to their prioritisation and empirical testing. This part brings together the 

findings across these different stages to produce a cohesive synthesis of results, 

where individual empirical components are interpreted as situated within a single 

analytical mode rather than as separate pieces of research. The dissertation brings 

together four empirical parts using two systematic literature reviews, a Delphi-

informed indicator selection process, a BWM weighting exercise, and a TOPSIS-

based comparative evaluation, to develop an internally coherent, methodologi-

cally robust and context-relevant framework for assessing agricultural sustaina-

bility in the Baltic States. Combined, these elements build a multi-layered analyt-

ical narrative that explores how sustainability indicators are epistemically situated 

within the modern idea-scape, with their practical ways of prioritisation and com-

parison. This integrative section discusses and synthesises the major findings 

across these stages of analysis, situating them within the broader scholarly and 

policy landscape. 

The systematics literature review provided a broad conceptual background 

by identifying 101 sustainability indicators, confirming long-reported findings 

that sustainability assessments are generally environmentally focused and that the 

economic dimensions are less systematically developed. A full  review of 84 ad-

ditional indicators in the renewable energy reinforced this trend towards the rising 

importance of energy efficiency, circular resource flows, and resilience to volatile 

energy markets. This, alongside continuing reliance of international organisations, 

such as FAO, OECD and the European Commission, on outdated 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 were operationalised through the Delphi method, 

which enabled experts from each of the three Baltic states to condense a long list 

of indicators into a more targeted list, defined as priority indicators. This approach 

highlighted considerable regional convergence on the economic dimensions most 

important to Baltic agriculture: investment intensity, labour productivity, income 

diversification, market access, and the integration of renewables. These priorities 

are shaped by the regionôs structural limits, including low capital accumulation 

and great susceptibility, energy imports, demographic decline, and overdepend-

ence on small- and medium-sized family farms. Consensus through Delphi indi-
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cates that, from the Baltic perspective, sustainability is not separate from the ag-

ricultural sectorôs ability to remain competitive, withstand external shocks, and 

maintain long-term earnings stability. 

Quantitative prioritisation via the BWM revealed that experts place consid-

erable importance on indicators, reflecting the sectorôs potential for productivity 

improvement and investment mobilisation. It aligns with theoretical debates in the 

agricultural economics literature, which argue that productivity growth and capital 

deepening are at the core of sustainable rural development, particularly in transi-

tion countries where modernisation 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 and increases interpretability. 

By combining expert-derived weights with EUROSTAT data, the TOPSIS 

comparative analysis facilitates an objective assessment of sustainability perfor-

mance across Lithuania, Latvia, and Estonia. This analysis revealed some sub-

stantial cross-country 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 investment-driven modernisation; 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 long-term structural processes rather 

than simply by policy change. 

In aggregate, the integrated results highlight the importance of a multidimen-

sional, regionally relevant framework that accommodates trade-offs and the in-

herent complexities of Baltic agriculture. 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 basis for the 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 contrast to the previous 

section, which focused on their quantitative standings and indicator-level results, 

this section synthesises the reported findings to draw out relative descriptions of 

economic sustainability profiles at the country level as well as structures across 

Lithuania, Latvia, and Estonia. Unpacking these differences as they affect the rel-
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ative performance of each country about economic sustainability patterns ex-

plained through productivity, resilience, investment capacity and resource effi-

ciency is the primary concern. 

A comparative analysis of the trajectory of the Baltic Statesô sustainability 

shows differentiated (regional) paths formed by structural features, investment 

trends, socio-demographic changes, and implementation capabilities. Lithuania, 

Latvia, and Estonia are governed by an identical EU policy framework and similar 

climate/historic conditions, yet they started developing unique agricultural sys-

tems that shape their sustainability outcomes. 

Lithuaniaôs agricultural sector is notable for having a relatively strong eco-

nomic dynamism. The flow of investment under the CAP to support modernisa-

tion, equipment improvements, and technology adoption through significant in-

vestment streams has also favoured Lithuania over the last 10 years. This has 

manifested itself as increased labour productivity and better participation in the 

market, especially by medium-sized farms and producer organisations. The in-

vestment intensity, a manifestation of both public and private investments in the 

sector, has fortified structural competitiveness and resilience against market 

shocks. Lithuaniaôs environmental sustainability performance, however, remains 

uneven. While some progress has been made in improving manure management 

practices and localised adoption of renewable energy technologies, 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. 

Lithuaniaôs social sustainability is also limited by labour shortages and continuing 

rural depopulation. 

Latviaôs overall performance, in contrast, is rather restrained. The forms of 

structural fragmentation are more intense with a higher share of small farms that 

do not have enough capital resources to invest in modernisation or use advanced 

technologies. Low investment intensity hinders productivity growth, while limited 

market access, partially as a result of geography and infrastructure limitations and 

lower competitiveness. Latviaôs environmental indicators highlight this mixed 

landscape: some progress is made on biodiversity protection and riparian systems, 

but inefficiencies persist in managing fertili ser, emissions and renewable energy 

uptake. Persistent rural out-migration and ageing populations exacerbate social 

sustainability challenges, reducing the sectorôs long-term abilities to innovate and 

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 outcomes, such as soil conservation, water 
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protection, and emissions reduction. Estoniaôs economic indicators are not per-

forming as high as Lithuaniaôs yet; they are stable with positive trends in the farm 

management efficiency. Wiktor has also identified areas for strategic policy inter-

vention by pinpointing challenges 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 path-dependent process. Land reform history, de-

mographics and investments made have produced divergence in historical baselines. 

The Baltic States face a few structural constraints, such as labour shortages, depend-

ence on imported inputs, and uneven access to technology; however, the magnitude 

and effect of these limitations are country-specific. 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 dimension-wise and integrated interpretation of the 

output. The analysed results allow for a comprehensive reassessment of the sus-

tainability performance of agriculture in Lithuania, Latvia, and Estonia (given by 

the TOPSIS approach) and are synthesised with the results of the DelphiïBWM 

evaluation. This way, it clearly differentiates between economic sustainability pri-

orities based on BWM indicator weighting, and overall sustainability performance 

in terms of TOPSIS benchmarking, considering environmental and social dimen-

sions as contextual context. Accordingly, comparative tables and interpretative 

commentary identify common regional trends but also country-specific strengths 

and weaknesses, providing an overview of how the Baltic States present them-

selves in relation to the expansion of the EU sustainability agenda. 

3.5.1. Comparative Economic Sustainability (the BestïWorst 
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 which the agricultural sector can create stable income, in-

vest in modernisation and market access, as well as sustain long-term competi-

tiveness. The BWM weighting results identify investment intensity, labour 

productivity and income diversification as the most important indicators, a 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 allocations 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-

weighted indicators, showing the sectorôs growing ability to weather market disrup-

tions and adjust to changing conditions of catalysation in environmental topologies 

and policy contexts. Lithuania has a larger average farm size and more consolidated 

production systems than Latvia and Estonia, with productivity improvements in Lith-

uania outpacing those in its neighbouring states. 

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 high, differences in income diversification are greater in Estonia, 

which will make it more vulnerable to the price volatility of commodities. The rela-

tively large holdings and cooperative structure of Estonian agriculture may help drive 

productivity, but reliance on a narrower range of outputs inhibits resilience. 

Latvia is lagging as the fragmentation in farms is a structural hindrance, such 

as the inability to invest and the lack of engagement in value-added markets. 

These limitations show up as lower scores for key economic indicators, namely, 

productivity and income diversification. The BWM results highlight that Latviaôs 

structural constraints are not ephemeral but rather built in and influence funda-

mental vectors of its economic sustainability profile. These differences emphasise 

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 cross-country compari-

son across countries based on the nine economic indicators obtained through Del-

phi and weighted using the BestïWorst Method (BWM) is provided in Table 3.5. 

Table 3.5. Economic performance comparison (BWM indicators, LTïLVïEE) 

Economic Indicator Lithuania (LT) Latvia (LV) Estonia (EE) 

Investment intensity High Low Medium 

Income diversification MediumïHigh Medium Medium 

Labour productivity High Medium MediumïHigh 

Market access Medium LowïMedium High 

Efficiency Medium Low MediumïHigh 
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End of Table 3.5 

Economic Indicator Lithuania (LT) Latvia (LV) Estonia (EE) 

Income High Medium Medium 

Profitability High MediumïLow Medium 

Working capital level MediumïHigh Low Medium 

Subsidies dependence Medium High MediumïLow 

 

Table 3.5 indicates that Lithuania outperforms Latvia and Estonia across 

most core economic sustainability indicators, particularly investment intensity, la-

bour productivity, and income. This pattern explains Lithuaniaôs strong economic 

pillar and highlights 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 soil, 

water, biodiversity, and energy resources while minimising pressures on the en-

vironment. As with TOPSIS, Estonia performs the best in all environmental per-

formance measures. 

Estoniaôs leadership can be attributed to a combination of several long-term 

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 of biogas and use of digital monitoring tools improve 

resource-use efficiency even more, helping to give strong scores on emissions re-

duction and nutrient management. 

Lithuania has made substantial progress, yet continues to face significant 

ecological challenges. Soil degradation, patchy nutrient management, and a 

slower-than-expected transition to renewable energy technologies limit environ-

mental performance. Although CAP-supported agro-environmental measures in-

centivised ecological farming and the establishment 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 conservation 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 environment highlight 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 

summarised in Table 3.6. 

Table 3.6. Environmental performance comparison (TOPSIS indicators, LTïLVïEE) 

Environmental Indicator Lithuania (LT) Latvia (LV) Estonia (EE) 

Soil health Medium Low High 

Water use efficiency Medium Low High 

Fertiliser pollution risk Medium Low MediumïHigh 

Biodiversity Medium Low High 

Area under organic farming High Medium High 

GHG emissions Medium Medium Low (better) 

Ammonia emissions Medium Low MediumïHigh 

Land productivity High Medium Medium 

Pesticide risk Medium MediumïHigh Low 

Livestock density risk Medium High LowïMedium 

 

As shown in Table 3.6, Estonia demonstrates consistently stronger environ-

mental performance than Lithuania and Latvia, especially in soil health, water-use 

efficiency, and biodiversity protection. These results confirm Estoniaôs leadership 

in agri-environmental governance and resource-efficiency practices. 

3.5.3. Comparative Social Sustainability 

Social sustainability provides insight into demographic vitality, labour availabil-

ity, rural well-being, and educational 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 and training programmes, young 

farmers are moderately active in Lithuania. However, long-term labour availabil-

ity and sectoral renewal continue to be undermined by persistent rural out-migra-

tion and ageing populations. 

Of the group, Latvia offers the lowest social sustainability statistics. The at-

tractiveness of the agricultural sector is limited for new entrants due to conditions 

such as high rates of rural depopulation, poor access to training systems in agri-

culture and structural fragmentation. These demographic pressures 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 development programmes. Yet even Estonia suffers labour shortages 
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and demographic decline. Broadly speaking, social sustainability continues as an 

undercurrent challenge undermining the effectiveness of both economic and en-

vironmental policies. Labour conditions, training, demographic patterns, and rural 

well-being are social indicators, as shown in Table 3.7. 

Table 3.7. Social sustainability comparison 

Social Indicator Lithuania (LT) Latvia (LV) Estonia (EE) 

Decent employment Medium Low High 

Wage levels in agriculture Medium Low High 

Access to training/skills MediumïHigh LowïMedium High 

Rural demographic stability Low Low Medium 

Participation in decision-making Medium Low MediumïHigh 

Poverty risk in rural areas Medium High Low 

 

Table 3.7 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 moderate 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 BestïWorst Method (BWM) is first used 

to determine the relative importance of economic sustainability indicators based 

on expert judgment. These BWM-derived weights are then incorporated into the 

TOPSIS model together with standardised indicator values across economic, en-

vironmental, and social dimensions to calculate country-level performance scores. 

This way, BWM specifies which indicators matter most, while TOPSIS deter-

mines how well each country performs with respect to those indicators, resulting 

in a composite sustainability ranking. 

In contrast to Section 3.5.1, which reflects economic indicator priorities, this 

subsection presents overall 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 derived from the weighted TOPSIS evaluation re-

veals a consistent ordering across robustness scenarios: 

1. Lithuania 
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2. Estonia 

3. Latvia 

Lithuaniaôs leading position reflects its strong economic performance com-

bined with solid environmental and social results. High investment intensity, ris-

ing labour productivity, and improved market access underpin Lithuaniaôs eco-

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

composite outcome. 

Estonia is ranked second overall because of excellence in environmental per-

formance, particularly in integrating renewables, managing nutrients, and protect-

ing soil, combined with relatively stable economic and social indicators. 

Latvia is consistently last when it comes to the composite index. These results 

are not due to one or two isolated weaknesses; they are embedded in structural 

constraints across all three sustainability dimensions. Latviaôs agricultural sector 

is characterised by small-scale operations with poor access to finance, limiting 

productivity and making it difficult to modernise. Environmental performance is 

moderately strong on some measures, but emission intensity and resource-use 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, Latviaôs lower composite rank is more reflective of the 

synergistic effects of deep-rooted structures than transient policy failures. 

However, taken together, the composite ranking indicates that sustainable 

agricultural development is dependent on progress across all three pillars. Whilst 

economic modernisation like this can result in more sustainable outcomes, un-

addressed environmental and social constraints mean that these outcomes are not 

inevitable. Finally, the cross-dimensional ranking using the combined values of 

BWM and TOPSIS is shown in Table 3.8. 

Table 3.8. Composite sustainability ranking 

Country Eco-

nomic 

Environmental Social Overall Score Overall Rank 

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 that Lithuania attains the highest overall sustainability 

score, followed by Estonia and Latvia. This outcome reflects Lithuaniaôs strong 

economic performance combined with moderate environmental and social results, 

Estoniaôs environmental leadership, and Latviaôs structural constraints across all 

three dimensions. 



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

 

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 results on the indicator level, 

this subsection identifies deeper systemic drivers for cross-country differences. 

First, sustainability performance is closely tied to investment capacity and 

the structural modernisation of an economy. The high composite score of Lithua-

nia can be attributed to relatively better economic fundamentals, as well as capital 

formation, productivity and market integration. This economic base ensures that 

overall sustainability performance remains stable, despite pressures on the envi-

ronment. 

Second, Estoniaôs profile helps to remind us of the importance of institutional 

coherence and environmental governance quality. Overall, its high environmental 

performance reflects good regulatory implementation and technological absorp-

tion, showing that long-run policy continuity may mitigate moderate economic 

diversification. 

Third, path-dependent structural 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 countryôs lower ranking across dimensions. These con-

straints are mutually reinforcing, across pillars, acting to intensify their economic 

vulnerability and constrain the ability to modernise. 

In summary, the results show that sustainability performance in the Baltic 

region is not determined by isolated policy measures; instead performance reflects 

the interaction 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 prescriptions. 

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 embrace environmental regeneration and the 

efficiency of its resources. Soil restoration programmes that target dryland re-

gions, nutrient management regulations in agriculture and incentives for renewa-

ble energy independence can alleviate ecological pressure. Investment in agricul-

tural education, vocational training, and incentives that enhance the attractiveness 

of rural employment are critical to address labour shortages. It is essential that 

environmental degradation does not add to economic growth. 

For Latvia, targeted structural reform is necessary. Consolidation incentives, 

modernisation grants and better access to long-term credit might alleviate chronic 
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underinvestment and low productivity. Improvements in extension services and 

digital training programmes 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. 

For Estonia, the key challenge is to increase the economic pillar without risk-

ing its environmental achievements. Income diversification (i.e., through value-

added processing, agro-tourism or new market opportunities) can limit vulnera-

bility to commodity price fluctuations. Ongoing support for energy-efficient 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 as labour shortages, energy dependency and climate change ad-

aptation and cross-border knowledge transfer. A unified Baltic approach towards 

sustainable agricultural practices that take advantage of the respective issues 

raised by the CAP, Green Deal and national 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 sector through 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 comparability and 

reliability, they may not fully reflect farm-level heterogeneity, informal economic 

activities, or short-term fluctuations in income and investment. Future research 

could supplement macroeconomic data with microeconomic farm surveys or case 

studies to gain 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 and the BestïWorst Method, which rely on expert judg-

ment. These techniques are well-governed at a high level and implemented via 

consistency checks, but even expert-based approaches are inherently subjective. 

Robustness could also be further strengthened by increasing the number and di-

versity of experts on panels and using alternative weighting methods (AHP or 

entropy). 

Third, the framework tends to emphasise the economic dimension of agricul-

tural sustainability, and environmental and social dimensions are used mostly as 

contextual factors. Future research can build upon the framework proposed to 
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achieve a fully integrated tri-dimensional assessment, wherein economic, envi-

ronmental and social indicators are simultaneously weighted and aggregated in a 

common model. 

Fourth, the empirical application is confined to Lithuania, Latvia, and Esto-

nia. While the Baltic States constitute a significant cluster of post-transitional na-

tion states with agricultural economies, external validity may be limited to other 

settings due to heterogeneities in institutional frameworks, structural farm config-

urations and policy environments. Future studies may assess the relevance of the 

framework also in other regions within the EU, or in non-EU countries with sim-

ilar structural features. 

Finally, the analysis uses static comparison based on available time-series 

data. Trends are analysed, but dynamic causal relationships among indicators are 

not explicitly modelled. Future research could also adopt longitudinal modelling, 

panel econometric techniques, or system-dynamics approaches to better capture 

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 contributes towards additional methodological refinement 

and empirical advancement. 

3.6. Conclusions of the Third Chapter 

1. The empirical analysis suggests that the economic sustainability of the 

agricultural sector in the Baltic States is determined by productivity, in-

vestment-strengthening ability, income diversification, market access, 

and energy factors. 

2. Results revealed that investment intensity, labour productivity and in-

come diversification were the highest-ranked indicators of economic sus-

tainability according to BWM analysis. 

3. A comparison of results through TOPSIS showed quantitative differences 

in the economic sustainability performance of Lithuania, Latvia, and Es-

tonia that correspond with structural and policy differences between the 

countries. 

4. The scaling of performance to agency-determined, expert-based 

weighting in conjunction with standardised EUROSTAT data offers a 

transparent and reproducible framework for benchmarking agricultural 

sustainability performance. 

5. Indeed, while environmental and social indicators are not primary objects 

of assessment (as suggested by the econometric-type modelling), they 
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condition economic outcomes and should be interpreted as contextual 

constraints in sustainability assessments. 

6. The findings underscore the need for policies that emphasise capital for-

mation, productivity improvements, market integration, and the transfer 

of renewable energy within the agricultural sector. 

7. The analytical MCDM-based assessment framework developed was 

found to be a meaningful decision-support tool for assessment and rank-

ing of economic sustainability, with practical relevance for policy-mak-

ers and stakeholders across the Baltic States. 
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General Conclusions 

1. From a systematic literature review and European Union policy frameworks anal-

ysis, an integrated context-sensitive and organised system of sustainability indi-

cators for the agricultural sector was elaborated. This system provides theoretical 

consistency, captures region-specific features of the Baltic States and overcomes 

the limitations of actual indicator sets by including important economic aspects, 

such as productivity, investment capacity, income diversification, market integra-

tion and energy.  

2. In this research, an integrated approach multi-criteria 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 expert judgments, and bench-

mark comparisons of similar entities ensures reproducibility and robustness of 

findings while utilising high-quality standardised data. 

3. The empirical performance analysis of Lithuania, Latvia, and Estonia showed 

major differences in the sustainable development economic performance of coun-

tries that depended on structural and policy-related diversity. While the findings 

underscore the importance of investment intensity, labour productivity, income 

diversification and market access for economic sustainability, they give policy-

relevant insights that underpin evidence-based policy-making in line with the Eu-

ropean Green Deal and the Common Agricultural Policy. 
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