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Abstract. Agroecology is increasingly recognised as a pathway to sustainable food sys-
tems, yet its uptake in Europe remains limited, raising questions about the effective-
ness of current policy support. This Policy Paper identifies priority policy areas to sup-
port agroecology transitions by integrating actor perspectives through a participatory 
mixed‑methods approach combining multi‑criteria analysis and qualitative evaluation. 
Evidence from 15 European case studies shows that policy instruments perform dif-
ferently across transition goals (adoption, positioning, amplification). Knowledge pro-
motion and payments for investments emerge as key enablers for adoption and mar-
ket positioning, while networking and cooperation are critical for territorial scaling. 
By contrast, certification schemes and food policies require redesign to better address 
equity concerns and improve connectivity across actors and scales. The findings high-
light the importance of adapting, combining, and sequencing existing policy instru-
ments in line with transition goals and governance conditions. Overall, the paper pro-
vides actionable insights for policymakers seeking to create enabling environments for 
agroecology in Europe, with implications relevant beyond the European context.

Keywords:	 mixed-methods, participatory research, policy mechanisms, actor-centred 
approach, multi-actor platform.

1. INTRODUCTION

Agroecology is an integrated, science-based, and transdisciplinary 
approach to the redesign of agri-food systems for sustainability, and is 
increasingly recognized as a vital strategy for achieving sustainable agricul-
ture aligned with environmental, social, and economic goals (HLPE, 2019; 
Wezel et al., 2009). Despite its potential to address climate, food, and biodi-
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versity crises (Bezner Kerr et al., 2023), scaling agroecol-
ogy remains an unresolved challenge in Europe, where 
uptake is still limited (Rega et al., 2022). The literature 
highlights persistent failures of existing instruments to 
remove structural barriers and lock-ins that hinder agro-
ecology transitions (Peeters et al., 2021; Place et al., 2022; 
Williams et al., 2024). To date, the Common Agricultur-
al Policy (CAP), while including provisions for organic 
farming and environmental stewardship, has often priori-
tised conventional practices, limiting its transformative 
potential (Runhaar, 2021). Future policy intervention is 
expected to play a pivotal role by creating enabling envi-
ronments for amplification processes (Boix-Fayos and de 
Vente, 2023; Ewert et al., 2023; Lam et al., 2020). 

Recent literature on agroecology transitions empha-
sises the need for tailored policy frameworks that 
respond to local contexts and socio-economic realities 
(Gava et al., 2025; Prost et al., 2023). The challenge is 
not to reinvent the wheel, but to build on existing instru-
ments and frameworks by placing actors at the centre of 
decision-making. This ensures that local goals are con-
sidered and avoids a one-size-fits-all approach. While 
previous studies have mapped barriers and proposed 
broad policy mixes (Lampkin et al., 2020; Peeters et al., 
2021), there is still limited evidence on how actors’ goals 
influence policy prioritisation across different transition 
stages, a gap increasingly acknowledged in the literature 
(Fiore et al., 2024; Helenius et al., 2020). Addressing this 
gap is critical for designing context-sensitive and goal-
oriented policy frameworks that move beyond generic 
recommendations and support systemic change (Niggli 
et al., 2021; Prost et al., 2023). This is directly relevant 
for policy design, as identifying which policy areas mat-
ter most cannot be separated from why they matter to 
actors pursuing different transition goals. By explicitly 
linking actors’ goals to policy prioritisation, this study 
bridges the gap between general policy frameworks and 
the identification of policy areas that are most relevant 
for accelerating agroecology transitions.

Against this background, this article contributes to 
the science-policy dialogue by providing an examination 
of policy priorities that are potentially useful for scal-
ing agroecology through an actor-centred lens. Draw-
ing on participatory research within the UNISECO 
project across 15 European case studies (Schwarz et al., 
2022), the aim of the article is to identify which policy 
areas matter most under different transition goals (adop-
tion, positioning, and amplification) and to highlight 
opportunities for improving existing instruments. The 
analytical and methodological approach and the under-
lying data draw on earlier work developed within the 
UNISECO project (Galioto et al., 2021; Gava et al., 2025, 

2022; Linares Quero et al., 2022) and are used here to 
inform the policy cycle. The article offers an actor‑ori-
ented perspective on the performance of policy instru-
ments within broader governance dynamics. By placing 
actors at the centre of the policy process, the proposed 
approach captures both the goals of accelerating agroe-
cology transitions and the policy priorities that can serve 
as meaningful levers aligned with actors’ needs and 
expectations on the ground. The findings provide prac-
tical insights for policymakers and practitioners seeking 
to create enabling environments for agroecology, sup-
porting more inclusive and transformative policy design.

2. EVIDENCE AND ANALYSIS

2.1. Methods and data 

The analytical and methodological frameworks 
and data build on earlier research developed within 
the UNISECO project (Galioto et al., 2021; Gava et al., 
2025, 2022; Linares Quero et al., 2022), additional sup-
porting theoretical, methodological explanation and data 
for this specific paper are available from the Supplemen-
tary materials. Evidence presented here results from the 
combination of participatory multi-criteria analysis and 
qualitative evaluation of policy instruments (structured 
towards policy areas) identified through a participatory 
process in 15 case studies across Europe (Table 1). 

Each case study represents a distinct transition goal: 
–	 Adoption: introducing agroecological practices with-

in conventional systems;
–	 Positioning: creation and stabilisation of demand for 

agroecological products;
–	 Amplification: territorial scaling of agroecology 

through collective and transformative strategies.
Actors engaged in the evaluation at the case study 

level were drawn from the project’s Multi-Actor Plat-
forms, ensuring representation of farmers, advisors, val-
ue chain actors, policymakers, researchers, civil society 
organizations, and consumers (Zawalińska et al., 2022). 

2.2. Performance and qualitative mechanisms explaining 
policy performance1across transition goals 

This section synthesises evidence from the multi‑cri-
teria analysis and the qualitative evaluation to assess 
how major policy areas perform across three agroecol-
ogy transition goals. The analysis highlights relative pri-

1 Selected illustrative case study examples are chosen for their explanato-
ry value. This does not imply that each mechanism is unique to a single 
case study, nor that other mechanisms were absent in the same contexts.
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oritisation patterns (rankings are available from Table 
A1) and the mechanisms explaining why specific pol-
icy areas matter at different stages. Detailed results are 
reported in the Supplementary materials.

2.2.1. Agri-environment payments

Agri‑environment payments show a supportive but 
generally moderate performance across transition goals. 
They are valued as entry points that compensate income 
losses and encourage participation, particularly in early 
stages. However, their contribution to long‑term trans-
formation remains limited unless integrated with com-
plementary instruments and governance frameworks. In 
Nivala (Finland), for example, such payments supported 
initial engagement in sustainable feedstock production 
for a collective biogas initiative.

2.2.2. Certification schemes

Certification schemes show mixed performance across 
transition goals and tend to rank lower for amplification. 
Qualitative evidence highlights a mechanism centred on 

information asymmetry reduction and market signalling, 
which can support positioning by enhancing consumer 
trust and enabling product differentiation. Illustratively, 
in Lithuania and Latvia, certification supported market 
positioning through producer cooperatives and sustain-
ability labelling. However, actors also identified important 
constraints, including administrative burden, compliance 
costs, and misalignment with local agroecological values. 
These factors can exclude smaller producers and limit scal-
ability, reducing the contribution of certification schemes 
to broader agroecology transitions unless equity safe-
guards and supportive measures are introduced.

2.2.3. Context‑specific and cross‑cutting instruments

Context‑specific and cross‑cutting instruments 
include a heterogeneous set of policies addressing local 
challenges and broader sustainability objectives, such as 
fiscal measures, land‑use planning, biodiversity protec-
tion, and energy policy. Their performance varies across 
transition goals and depends strongly on alignment with 
territorial conditions and coordination with other policy 
areas. Qualitative evidence points to a place‑based adap-

Table 1. Policy areas and intervention logic, with example policy instruments from the case studies.

Policy areas Intervention logic Examples from the case studies

Agri-environment 
payments

Encouraging the adoption and maintenance of 
agroecological practices and/or the creation/restoration of 
habitats or landscape elements

Action and result-based agri-environment payments; 
Organic farming; Payments for non-productive investments

Certification 
schemes

Food labelling to reduce information asymmetry business-
to-consumer about the sustainability of farming methods 
and the produced food

Carbon farming; Carbon footprint; Biodiversity-friendly; 
Climate-friendly

Context-specific 
and cross-cutting

Heterogeneous group of instruments, for which patterns 
could not be identified, displaying a variety of aims, 
including economic growth, job creation, better quality 
of life in rural areas, landscape management, forestry, 
hygiene and food safety, biomass for fuel and energy 
production

Regional policy; LEADER; Fiscal policy; Hygiene and 
food safety regulations; Wildlife laws; Land use planning; 
Forestry laws; Tax reduction for biofuels

Food policies Regulating food from production to end-of-life to improve 
its sustainability, with special attention to the phases of 
processing, distribution, and consumption

Green public procurement; Short food chains; School meal 
programs; Food carbon tax

Income and 
market support

Keeping the viability of farming, regulating agricultural 
markets and producer organisations

Direct area-based payments; Greening payments; Cross-
compliance; Payments for areas with specific constraints

Knowledge 
promotion

Advancing knowledge about sustainable farming, 
including agroecology, also by triggering knowledge 
creation and diffusion across multiple actors, from farmers 
to consumers

Advisory services; Information and training; Continuing 
education; Formal education 

Networking and 
cooperation

Creating/maintaining formal or informal networks of 
collaborating actors across multiple disciplines

Operational groups; Cooperatives (machinery, storage, sales, 
marketing); Innovation hubs

Payments for 
investments

Supporting (loans for) capital investments, especially in 
physical assets on farm

Farm modernization and investment; Diversification of 
farm activities; Payments for physical assets; Payments for 
other gainful activities
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tation mechanism: when tailored to local socio‑econom-
ic and biophysical contexts, these instruments can help 
remove specific bottlenecks and reinforce agroecological 
transitions. For example, in Lake Lucerne (Switzerland), 
a nitrogen tax incentivised lower livestock density and 
supported diversification toward low‑input arable sys-
tems. However, actors also highlighted risks of fragmen-
tation and unintended effects when such instruments are 
implemented in isolation. Overall, these findings suggest 
that context‑specific and cross‑cutting instruments are 
most effective when embedded in integrated governance 
frameworks that ensure coordination, coherence, and 
alignment with broader agroecological strategies.

2.2.4. Food policies

Food policies, including public procurement, short 
supply chains, and awareness campaigns, also rank rela-
tively low, particularly for amplification. The qualitative 
analysis points to a demand‑creation mechanism that 
remains weak when food policies are implemented in iso-
lation from supply‑side support. For example, in Transyl-
vania (Romania) and Scotland (United Kingdom), food 
policies contributed to awareness‑raising and local mar-
ket initiatives but had limited impact on scaling agroeco-
logical production. Actors highlighted that administrative 
complexity, limited adaptability to local contexts, and 
weak coordination with producer support constrain their 
effectiveness. These findings suggest that food policies 
are more likely to contribute to agroecology transitions 
when integrated with investment support, knowledge 
promotion, and coordination mechanisms that strength-
en producer capacity and market connectivity.

2.2.5. Income and market support

Income and market support instruments display 
mixed performance, with higher relevance in adoption 
contexts and declining relevance for amplification. Qual-
itative evidence suggests that these instruments mainly 
stabilise farm viability and enable experimentation, rath-
er than directly driving agroecological transformation. 
In Nienburg (Germany), greening payments were per-
ceived as providing the financial buffer needed for farm-
ers to experiment with conservation agriculture.

2.2.6. Knowledge promotion

Knowledge promotion emerges as a consistently 
high‑performing policy area across all transition goals. 

It ranks among the top priorities for adoption and posi-
tioning and remains critical for amplification. Qualita-
tive evidence indicates distinct mechanisms across stag-
es: in adoption contexts, advisory services reduce uncer-
tainty and support individual decision‑making; in posi-
tioning contexts, they facilitate coordination and shared 
understanding along the value chain; and in amplifica-
tion contexts, they enable collective learning and terri-
torial scaling. For example, in the Basque Autonomous 
Community and Navarra (Spain), actors highlighted 
how collective training and advisory networks supported 
territorial expansion of agroecological practices.

2.2.7. Networking and cooperation

Networking and cooperation instruments gain 
importance as transitions move from individual adop-
tion to collective scaling. They perform moderately for 
adoption and positioning but become among the most 
relevant policy areas for amplification. The underly-
ing mechanism is collective action: these instruments 
support coordination among farmers, advisors, val-
ue‑chain actors, and public authorities, fostering shared 
governance arrangements. For instance, in Auvergne–
Rhône‑Alpes (France), multi‑actor forums supported 
cooperation in the development of a territory of sustain-
able viticulture.

2.2.8. Payments for investments

Payments for investments perform strongly for adop-
tion and positioning and remain relevant for amplifica-
tion. Their effectiveness is explained by a risk‑reduction 
mechanism that enables concrete changes in farm infra-
structure and practices. In early stages, they support fea-
sibility and experimentation; in later stages, they help 
consolidate investments at territorial level when aligned 
with broader strategies. Illustratively, in Chianti (Italy), 
investment support facilitated the development of sus-
tainable viticulture infrastructure, enabling scaling at 
territorial level.

3. DISCUSSION

3.1. Policy options

The evidence shows that the relevance and perfor-
mance of policy instruments vary across agroecology 
transition goals, reflecting the different actions and coor-
dination requirements involved. This confirms that uni-
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form policy is unlikely to be effective and that policy sup-
port needs to evolve as transitions progress (Figure 1).

For adoption actions, which aim to introduce agro-
ecological practices in conventional farming systems, 
top-ranked instruments such as payments for invest-
ments and knowledge promotion are particularly rel-
evant. These instruments support technical implementa-
tion and capacity building, enabling farmers to initiate 
change. This aligns with the need for technical informa-
tion and financial tools to implement changes on farm 
and to develop business strategies for better position-
ing the produced food on the market. Moderate-ranked 
instruments like networking and cooperation and cer-
tification schemes contribute to market positioning and 
collaboration, while lower-ranked instruments such as 
agri-environment payments and food policies show lim-
ited systemic impact, indicating a need for redesign or 
complementary support mechanisms (Frison and Clé-
ment, 2020; Salliou et al., 2019).

Positioning actions, which focus on stabilising 
demand for agroecological products, benefit most from 
instruments like knowledge promotion and payments 
for investments, which align with market infrastructure 
and actor goals. Moderate-ranked instruments including 
networking and cooperation and agri-environment pay-

ments facilitate coordination and demand creation. Low-
er-ranked instruments such as certification schemes and 
cross-cutting/context-specific policies raise equity con-
cerns and economic risks, suggesting that their design 
may not fully support positioning objectives. Coordina-
tion between public agencies and training centres is an 
important governance issue to be addressed. New gov-
ernance models should involve research institutes, advi-
sory services, small farms and other local value chain 
actors through networking instruments and regional 
policies (Helenius et al., 2020). 

Amplification actions, aimed at scaling agroecol-
ogy through collective agency, are best supported by 
networking and cooperation and cross-cutting/context-
specific instruments, which enable territorial expansion 
and systemic change. Moderate-ranked instruments 
like knowledge promotion and agri-environment pay-
ments foster collective learning and scaling. Lower-
ranked instruments such as certification schemes and 
food policies are perceived as less effective, highlighting 
the need for reconsidering their design to better support 
transformative goals. Strategic plans for agroecology are 
required to ensure its diffusion and consolidation in the 
long period. Long-term strategies should be evidence-
based, draw on clear and cost-effective rules, and favour 

Figure 1. Priority policy area blocks (top, moderate, lower ranking) by transition goal, highlighting different needs.
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services, small farms, and civil society organisations. 
These include decentralized and territorial governance, 
particularly in contexts where land access and resource 
management shape farmers’ autonomy and resilience 
(Sirdey et al., 2023); mosaic of regionally adapted sys-
tems and participatory governance to support agroeco-
logical transitions aligned with the Green Deal (Don-
ham and Wezel, 2022).

Strategic plans for agroecology should be long-term 
and evidence-based, explicitly recognising that different 
policy instruments activate distinct mechanisms at dif-
ferent transition stages, and therefore require sequenc-
ing and combination across adoption, positioning, and 
amplification goals (Frison and Clément, 2020; Helenius 
et al., 2020; Salliou et al., 2019). 

4. CONCLUSIONS

This article provides policy‑relevant evidence on how 
existing policy instruments can better support agroecol-
ogy transitions in Europe. By integrating actor perspec-
tives from 15 European case studies, it identifies which 
policy areas are most relevant for different transition 
goals (adoption, positioning, amplification) and explains 
how their effectiveness changes as transitions evolve.

The findings show that while all policy areas con-
tribute to agroecology transitions, their prominence and 
effectiveness vary by transition stage. Knowledge promo-
tion and payments for investments emerge as key ena-
blers across adoption and positioning, while networking 
and cooperation are essential for scaling agroecology at 
the territorial level. In contrast, certification schemes 
and food policies currently play a more limited role and 
require redesign to better address equity and connectiv-
ity. Overall, the results highlight that policy effectiveness 
depends less on introducing new instruments than on 
adapting, combining, and sequencing existing ones in 
line with actors’ goals and governance conditions.

From a policy perspective, the analysis underscores 
the need for better‑tailored strategies to address the 
socio‑economic barriers faced by diverse farming sys-
tems and territorial contexts. Strengthening advisory 
services, supporting capacity building, and improving 
governance, particularly at intermediate and territorial 
levels, are critical. Rather than creating new tools, policy 
efforts should focus on adjusting the design and govern-
ance of existing instruments to better align with agro-
ecological principles.

This study has limitations that are relevant for inter-
pretation. Fieldwork was conducted before ex‑post evi-
dence on CAP 2023–2027 became available, and the 

analysis relies on actor perceptions rather than measured 
impacts. Future policy‑oriented research could strength-
en the evidence base by combining this actor‑centred 
framework with longitudinal data and quasi‑experimen-
tal approaches (e.g. before–after comparisons or com-
parative analyses between similar territories exposed 
to different policy mixes) to triangulate perceived and 
observed outcomes. While the empirical focus is Euro-
pean, the framework and lessons identified offer trans-
ferable insights for other regions seeking to design con-
text‑sensitive policies to support agroecology transitions.
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ANNEX

Table A1. Policy ranking based on multi-criteria analysis’ single score after aggregation.

Transition goal Policy area N. obs Avg Median Min Max

Adoption

Agri-environment payments 70 3.0 3.2 0 5
Certification schemes 19 3.3 3.4 1.9 4.5
Context-specific and cross-cutting 58 3.5 3.5 0.1 5
Food policies 24 2.6 3.0 0 4.2
Income and market support 20 2.9 3.0 0 4.8
Knowledge promotion 50 3.6 3.6 2 5
Networking/Cooperation 40 3.3 3.3 1.3 5
Payments for investments 56 3.6 3.7 1.5 5

Positioning

Agri-environment payments 69 3.3 3.3 1.3 4.9
Certification schemes 13 3.0 3 0.5 5
Context-specific and cross-cutting 60 2.4 2.8 0 4.3
Food policies 114 3.3 3.6 0 5
Income and market support 86 3.2 3.3 0 5
Knowledge promotion 57 3.5 3.7 0 5
Networking/Cooperation 49 3.3 3.3 1.5 4.7
Payments for investments 51 3.4 3.6 1.9 5

Amplification

Agri-environment payments 94 3.3 3.6 0 5
Certification schemes 25 3.2 3.4 0 4.7
Context-specific and cross-cutting 16 3.7 3.8 2.3 5
Food policies 57 1.6 0 0 4.9
Income and market support 37 3.4 3.4 1.8 4.8
Knowledge promotion 59 3.6 3.6 2.6 4.6
Networking/Cooperation 74 3.7 3.9 1 5
Payments for investments 70 3.3 3.2 1.6 5
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Abstract. This article investigates the application of the milk quota system to Geo-
graphical Indications (GIs), using the Parmigiano Reggiano PDO cheese as a case 
study. Firstly, an overview on the empirical context focuses on the evolution of the 
cheese production under the rules set by the GI-Group. Afterwards, an ex-ante analy-
sis evaluates the impacts of the milk quota rules under the CAP 2023-2027 scheme on 
the Parmigiano Reggiano PDO production system. The latter assessment is addressed 
through an Agent-Based Model based on the Positive Mathematical Programming 
approach. The results indicate that the quota system leads to a concentration of pro-
duction in larger dairy farms, with environmental and social effects that negatively 
impact the sustainable rural development model advocated by the Common Agricul-
tural Policy.

Keywords:	 agent-based modeling, positive mathematical programming, agricultural 
policy, milk quota, geographical indication.

1. INTRODUCTION

In 1984, the European Union (EU) introduced the milk quotas regime to 
curb the overproduction of milk, which had placed a large financial strain on 
the European Agricultural Guarantee Fund (Petit, 1987). This policy repre-
sented one of the most controversial decisions in the Common Agricultural 
Policy (CAP 2023-2027), and it has contributed to justify the later reforms 
(Barbero et al., 1984; Oskam et al., 2010). EU milk quotas were gradually 
loosened until their final abolishment starting from April 1, 2015, in order 
to give farmers a higher flexibility in responding to the growing demand for 
milk and dairy products in the European market (Jongeneel et al., 2023). 
This policy decision made the EU dairy sector more competitive by increas-
ing exports, but it also introduced additional volatility in milk prices and, 
consequently, in farmers’ incomes. However, this provision didn’t complete-
ly eliminate production quotas, but a new scheme tailored to Geographical 

https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/publicdomain/zero/1.0/legalcode
https://www.fupress.com/bae
https://doi.org/10.36253/bae-18285
https://doi.org/10.36253/bae-18285
https://doi.org/10.36253/bae-18285
https://orcid.org/0009-0005-2538-8245
https://orcid.org/0000-0002-7505-1174
https://orcid.org/0000-0002-3957-842X
https://orcid.org/0000-0002-5179-2541
mailto:alberto.giannecchini@unipr.it


14

Bio-based and Applied Economics 15(3): 13-27, 2026 | e-ISSN 2280-6172 | DOI: 10.36253/bae-18285 

Alberto Giannecchini et al.

Indication (GI) production groups was created instead. 
More precisely, for GI dairy products (e.g. Parmigiano 
Reggiano, Comté, Roquefort) there was no continuation 
of the old EU quotas, but many GI Groups and Producer 
Organizations introduced their own private or collective 
supply management rules (sometimes called self-regu-
lation or consortium-based production controls). Dif-
ferently from the old centralized system, these schemes 
constitute consortium-agreed market regulation meas-
ures or planning mechanisms to balance supply with 
demand, maintain quality, and stabilize prices.

This article aims to offer a novel contribute to the 
existing literature by addressing milk quotas under the 
modified policy framework concerning GI products, spe-
cifically with reference to the Parmigiano Reggiano (PR) 
PDO cheese value chain, which was chosen because of 
its high economic relevance at regional level (the area 
of production represents 18% of all the milk produced 
in Italy (CLAL, 2025a) and the availability of rich and 
updated data. The importance of this type of case study 
is supported by Donati et al. (2020), who demonstrated 
that GI products make a significantly higher contribu-
tion to the local economy compared to their standard 
counterparts.

The assessment of the quota policy is elaborated by 
employing an Agent-Based modelling approach which 
allows to evaluate comprehensively the three dimen-
sions of sustainability: i) the economic performance, 
assessed through the gross margin generation, ii) the 
social impacts (referred to the effects on less profit-
able activities, i.e. the structural changes in the produc-
tion system), and iii) the environmental outcomes in 
terms of greenhouse gases emissions. The objective is to 
answer to the following research question: how do milk 
quotas affect the sustainability of the PR PDO rural sys-
tem? Different simulation scenarios will be compared 
to assess whether the scheme has positive or negative 
impacts and to identify potential trade-offs across the 
aforementioned dimensions. To make the analysis clos-
er to reality, it also includes one of the CAP 2023-2027 
greening measures, so that the results will account for 
environmental constraints and European subsidies too, 
likewise in the real market, where farmers not only must 
respect the rules established by their own GI Consor-
tium with regard to inputs and processes, but they are 
also subject to the greening constraints that affect pro-
ductive structures, costs, and revenues.

The paper is structured as follows: Section 2 focus-
es on the legislative background and relevant literature, 
and the description of the evolution of the PR PDO 
quota system according to the rules of the PR-GI Group. 
Section 3 describes the methodology of the Agent-Based 

model. Section 4 presents the results, while Section 5 
discusses them and draws the conclusions of the study.

2. CONTEXTUAL BACKGROUND

2.1. The legislative framework

The removal of milk quotas was performed gradu-
ally to avoid market setbacks. A significant milestone is 
represented by the Regulation (EU) 261/2012 on con-
tractual relationships in the milk and dairy sector, that 
sought to prepare the dairy market for the new context 
following the CAP 2023-2027 shift from the enforce-
ment of direct market instruments to indirect interven-
tions with the objective of stabilizing agricultural pric-
es and ensuring stable incomes for farmers (Pieri and 
Rama, 2017; Chiodini, 2016). Specifically, the abolish-
ment of milk quotas in 2015 was first announced in the 
Regulation (EU) 72/2009, whereas Regulation 8, which 
at the same time deferred a discussion on the conse-
quences of this decision for PDO cheese producers (Art. 
4, Amendment 36 to Regulation (EC) 1234/2007). The 
Regulation (EU) 261/2012, Article 17, stated that Mem-
ber States should be authorized to establish production 
control measures for GI cheeses, because of their impor-
tance (especially for vulnerable areas) and to guarantee 
their quality and value added. The Italian Government 
applied this provision through the Decree of 12 October 
2012 (Art. 5, par. 1), which recognizes the GI Producer 
Groups’ Authority to regulate their cheese supply and 
establish the procedures and conditions for submitting 
production control plans.

After these reforms, the current EU no longer 
enforces quotas on milk and dairy products, thus grant-
ing Producers Organizations (POs), Interbranch Organi-
zations (IOs), and other groups (as defined under the 
Regulation (EU) 1151/2012) the freedom to autono-
mously regulate production based on their specific per-
formances and characteristics. The Regulation (EU) 
261/2012 was issued in connection with the Regula-
tion (EU) 1151/2012 (repealed by the Regulation (EU) 
1143/2024), establishing the GI system (Protected Des-
ignation of Origin, Protected Geographical Indica-
tion, and Traditional Specialty Guaranteed, commonly 
referred to as PDOs, PGIs, and TSGs) to ensure fair 
remuneration for producers, consistent protection of 
product names across the EU, and clear consumer infor-
mation regarding the characteristics that enhance the 
value of GI products (Regulation (EU) 1151/2012, Art. 
4). The latter Regulation also defined POs and IOs as 
entities responsible for ensuring product quality, repu-
tation, and legal protection, as well as promoting value-
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added attributes (Regulation (EU) 1151/2012, Art. 45). 
However, the innovative provisions of this policy frame-
work, intended to enhance market efficiency, appeared 
to be incomplete as they did not permit all GIs to adjust 
supply in response to changing market demand. Nota-
bly, only GIs in dairy, fruit, and vegetable sectors were 
authorized to manage production volumes (Regulations 
(EU) 261/2012 and (EC) 1234/2007). Only recently, 
the Regulation (EU) 1143/2024 expanded this right to 
almost all food products recognized as GIs (Art. 33, par. 
3, let. c).

Such regulatory framework causes the coexistence 
of two parallel production systems: the non-GI market, 
where milk is traded without constraints, and the GI 
market, where it can be indirectly regulated by impos-
ing a threshold on the final product volumes. In other 
words, the aforementioned evolution finally led to a sur-
reptitious reintroduction of the abolished system of milk 
quotas, which is intended to secure higher prices for 
producers, but that also establishes a system of asset cap-
italization in milk production, thus transforming it into 
an exclusive right that generates barriers to entry and 
rent-seeking effects. However, unlike the previous quo-
tas regime, the current policy is markedly different as 
each GI Group can adopt a tailored scheme for the gov-
erned PDO/PGI. Regarding the Italian context, the two 
most reputable “PDO grana cheeses” (Parmigiano Reg-
giano and Grana Padano PDO) have two different quota 
systems: the rules of Parmigiano Reggiano PDO assign 
the milk quotas to farmers in the form of milk volumes 
(tons), while the rules for Grana 

Padano PDO assign the quotas to dairies in the 
number of cheese wheels (Dongo, 2022; PRG, 2014). As 
highlighted by Pieri and Rama (2017) and Carletti and 
Giangiulio (1998), the system governing the allocation of 
production rights exhibited rent-seeking dynamics that 
facilitated the concentration of milk production among 
larger farms, with significant implications for both rural 
development and farm management. In terms of rural 
development, the monetization of quotas by farmers who 
exited the sector altered the regional development tra-
jectory by removing smaller producers from the supply 
chain. From a farm management perspective, the con-
solidation of production among remaining dairy farms 
often necessitated the assumption of debt, thereby exac-
erbating financial and operational pressures. This, in 
turn, undermined the competitiveness and resilience of 
these farms. The Parmigiano Reggiano Cheese Consor-
tium indicates a growing proportion of farms experi-
encing economic losses between 2019 and 2023, a trend 
partly attributable to the inherent complexity of imple-
menting effective management control systems in agri-

culture, which constrains operational efficiency (Campi-
otti, 2024).

2.2. Impacts of milk quotas in Europe: evidence from the 
literature

There is an extensive stream of literature analyzing 
the effects of milk quotas both at national and regional 
levels in the EU context, but it only addresses the old 
European regime, especially regarding the potential 
implications of its abolition. Before delving into the 
discussion, it is essential to emphasize that the present 
study will refer to two distinct types of “efficiency”: i) 
economic efficiency (or profitability), which is the ability 
to maximize profits and thereby generate a higher gross 
margin, and ii) productive efficiency (or productivity), 
understood as the ability to produce a greater amount of 
output given the same input level. 

With respect to the policy outcomes, the article by 
Corbett (1992) argues that the quota scheme discour-
aged production efficiency and competitiveness, led to 
market polarization (large producers becoming larger 
and small farms increasing in number), and caused a 
stagnation of the dairy industry across the whole Euro-
pean level. However, Baldock et al. (2008) highlighted 
how milk quotas had a positive impact on maintaining 
production in Italian Less Favored Areas (LFAs), primar-
ily through the redistribution of unused quotas, thus 
mitigating the ongoing phenomenon of concentration 
of production from mountainous LFAs to more profit-
able farms (registered from 1995 to 2004); this came 
with positive environmental effects, as the maintenance 
of agricultural activities in less productive, marginal 
regions is essential for the preservation of soil, biodiver-
sity, and landscape. 

Regarding the scenarios of quotas abolition, Lips 
and Rieder (2005) estimated how milk output and price 
would have changed in the EU at the country level. In 
particular, it was found through a Computable General 
Equilibrium model that raw milk prices decreased on 
average by 22% and those of dairy products by 12.6%, 
in response to modest average output increases of 2.9% 
and 1.8%, respectively. This led to the conclusion that 
the removal of quotas would have overall minor effects 
on the European milk production, even though the out-
put changes are heterogeneous for each country. Bap-
tiste et al. (2012), using a bioeconomic model based 
on Positive Mathematical Programming, found that, 
without quotas, milk production in Western France is 
expected to increase and to concentrate in more com-
petitive regions, thus altering the geographical distribu-
tion of supply. The predictions presented in the study 
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by Markus et al. (2011) for the removal of quotas, made 
through the CAPRI model, indicate an overall increase 
in milk production by 4.4% and a reduction in price by 
1.6%, while agricultural income is expected to register a 
total loss of 2% (nearly 4.7 billion €). As dairy herds are 
simulated to increase, nitrogen emissions are estimated 
to grow accordingly, even though the increase is relatively 
moderate (0.66-1.41%). On the other hand, no consider-
able changes in arable land use were found. Boere et al. 
(2015) focused on farm dynamics in terms of land use 
changes in the Netherlands. Their results show that quo-
tas hamper land expansion for milk production, which 
becomes faster towards the time period in which they are 
removed, while land decreases are faster in the presence 
of quotas because they can be sold (thus making it easi-
er for farms to exit dairy farming). Moreover, the model 
adds to the analysis various socio-economic character-
istics of farm holders: a higher education is correlated 
with more substantial marginal changes in both increas-
es and decreases of land, having successors makes land 
expansion faster and its reduction slower, full-time labor 
involvement reduces land changes, and older farm opera-
tors are less inclined to alter land use too. More recently, 
Philippidis and Waschik (2019) applied the monopolis-
tic Melitz model to simulate the changes in the EU milk 
market from 2020 to 2030 in two scenarios: the baseline, 
where quotas remain, and the abolition case. The authors 
found that in the baseline, under the hypothesis of per-
fect competition, milk prices are expected to increase on 
average by 31.9 index points by 2030, and dairy prices, 
due to price transmission effects, by 11.5 index points; 
meanwhile, downstream dairy production remains static. 
When quotas are removed, both milk and dairy prices 
fall (respectively by 39.1 and 10.9 index points) while pro-
duction volumes grow (more or less markedly depending 
on the country). An imperfect competition experiment 
reveals similar results, but it gives additional informa-
tion about the supply-chain structure, where a “shake-
out” of small farms occur as production concentrates into 
fewer, larger farms. Madau et al. (2017) and Bórawski et 
al. (2020) found that the removal of milk quotas fostered 
the expansion of production, higher efficiency in the 
use of inputs, and an increase of milk yields. The same 
phenomenon was confirmed by Náglova et al. (2021), 
who presented several cases in Northern Europe where 
the abolition of quotas was correlated with greater milk 
productive efficiency; notably, EU milk production grew 
steadily between 2014 and 2018, while experiencing a 
reduction of about 900,000 cows in 22 EU countries (par-
ticularly in Germany, France, and Italy). From the envi-
ronmental point of view, Läpple et al. (2022) found that 
the absence of milk quotas promotes increased green-

house gases (GHG) and nitrogen emissions, exacerbating 
environmental degradation and contributing to climate 
change; conversely, quotas can help limit GHG emissions 
but may lead to the concentration of nitrate production 
on larger farms.

3. THE EX-ANTE ASSESSMENT OF 
THE MILK QUOTA SYSTEM

To address the research questions stated in Section 
1, the study enhances the farm-based model AGRISP 
(Agricultural Regional Integrated Simulation Package) 
to analyze the following aspects: i) how trading quo-
tas impact farmers’ economic performance, ii) to what 
extent this policy favors or hampers marginal farms, and 
iii) what are the environmental effects in terms of CO2 
emissions.

3.1. The evolution of the milk quotas system for Parmi-
giano Reggiano PDO

The area of production (breeding, milking, and 
feeding) established by the Product Specification of the 
Parmigiano Reggiano PDO Group (PRG), considered in 
this analysis, is strictly limited to the provinces (NUTS 
3 level) of Parma, Reggio-Emilia, Modena, Bologna, and 
Mantua (PRG, 2025a) The regulation of milk produc-
tion by a quota system was first introduced in 2014 to 
align milk supply and demand, ensuring that overpro-
duction did not result in price reductions, thus destabi-
lizing farmers’ incomes. Other objectives, aligned with 
the Regulation (EU) 1308/2013, include the support to 
vulnerable areas, quality assurance, and the strength-
ening of producers’ bargaining power (PRG, 2014). The 
PRG effectively maintained the milk price above that in 
the non-GI market (Figure S.1). The PR Production Plan 
(PRG, 2014) defines the supply control mechanisms. At 
the start of every year, the PRG determines a total equi-
librium production level and assigns each farmer a milk 
quota proportional to its production capacity. Milk pro-
duced beyond this quota does not lose its suitability for 
transformation into PR cheese but, if total output sur-
passes the equilibrium level by year-end, farmers must 
pay a contribution proportional to their excess.

The Production Plan defines quotas as “intangible 
assets”, meaning that they can also be sold or rented to 
other farmers; to safeguard farmers producing in LFAs, 
the quotas located in mountain areas cannot be bought 
by farmers in plain or hill areas, and vice versa. Moreo-
ver, a discount on additional contributions is applied for 
mountain farms. 
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Detailed information on the characteristics of farm-
ers supplying milk for PR cheese production is provided 
in the Supplementary Materials. At the macro level, PR 
cheese production steadily grew from 3,298,000 wheels 
in 2014 to 4,079,000 in 2024, at an average annual rate of 
1.6% (CLAL, 2025a). Conversely, active farms decreased 
from 3,186 in 2014 to 2,606 in 2020, with a 27% reduc-
tion in farms below 800 tons/year of production and a 
19% increase in farms above 800 tons/year (PRG, 2022). 
According to Deserti and Bertolini (2021), this occurred 
because elderly farmers were unable to keep up with 
innovations and closed their operations, with the alloca-
tion of milk quotas accelerating this trend. Indeed, quo-
tas were transferred from minor to more extensive, com-
petitive dairy farms. Bertolini and Giovannetti (2020) 
explained how farmers’ innovations increased milk 
protein content, resulting in better curdling yield, as 
between 2015 and 2018, the milk needed to produce one 
cheese wheel was reduced by 5.4%. While a single cow 
produced, on average, 14 forms/year in 2005, production 
per cow had increased to 18.5 forms/year by 2021 (PRG, 
2023). The quota scheme has a substantial impact, as the 
production threshold has been exceeded increasingly 
over the years, thereby burdening farmers with growing 
contributions to be paid (Figure S.2). While the addi-
tional contribution for surplus production increased, the 
volumes of exchanged quotas decreased over the years 
(Figure S.3).

Finally, the elasticity of produced milk with respect 
to the assigned quotas is almost unitary. In contrast, the 
price elasticity is lower, suggesting that farmers adjust 
production more reactively to quotas than to price 
(Table S.1). 

The quota scheme has contributed to the renewal 
of the PR system by concentrating production towards 
farms with higher capacity and productivity, which rep-
resents a relevant structural change in the supply chain. 
This process occurred despite quota purchases (or leas-
es) and contribution payments, which certainly had an 
impact on the economic and financial management of 
farms. Although quotas are not binding, resulting in 
milk production consistently exceeding the equilibrium 
threshold, the price guarantee associated with them, 
coupled with the PRG promotional activity, allowed PR 
producers to invest in their businesses.

3.2. Data

The sample counts 79 farms covering the PR cheese 
production area, extracted from the national Italian 2023 
FADN-RICA database and restricted to those special-
ized in milk production (identified by the farm-type code 

“450”). Further details on the dataset are provided in Table 
1. The FADN database, through the RICA at the Italian 
level, provides data at the individual farm level including 
detailed information on land utilization, subsidies paid to 
farmers, crops prices, and family structure of farms.

It is assumed that farmers maximize their gross 
margin (GM) subject to constraints related to environ-
mental practices and production quotas, as described in 
the next paragraph. A comparative statics approach is 
used: different equilibrium points are compared based 
on data from a single year and that all agents are simu-
lated simultaneously. In particular, the granularity of the 
data allows to simulate the exchange of quotas and land, 
as less efficient farms in terms of GM transfer their quo-
tas to more efficient agents, consequently also changing 
their sizes (if production levels decrease, the non-utilized 
land will also be transferred). While economic and soci-
odemographic data can be directly extracted from the 
RICA for each farm, additional metrics to measure the 
emission levels and estimate environmental outcomes 
are needed. Specifically, nitrogen emissions produced by 
cows are based on data provided by the national Regu-
lation 15/12/2017 of the Emilia-Romagna Region, which 
considers 82.8 kg of NO2 (nitrogen dioxide) per dairy 
cow and 36.0 kg of NO2 per rebreeding cow. The amount 
of emitted CO2 (carbon dioxide) is also computed for 
each activity by following the IPCC (Intergovernmental 
Panel on Climate Change) guidelines (IPCC, 2008; Sol-
lazzo et al., 2016); the respective values per hectare of 
production are showed in Table 2.

3.3. The model

AGRISP is an Agent-Based Model (ABM) based on 
Positive Mathematical Programming (PMP), built in 
GAMS (General Algebraic Modeling System)1, introduced 

1 GAMS is a software used for mathematical programming capable of 
solving large-scale linear, nonlinear, and mixed-integer optimization 
problems through computer code.

Table 1. Structure of the sample: # of dairy farms.

Province < 10 ha 11 - 20 ha 21 - 50 ha 51 - 100 ha Total

Parma 7 6 4 1 18
Bologna 2 0 1 0 3
Modena 1 2 7 1 11
Reggio-Emilia 5 4 10 0 19
Mantua 8 9 10 1 28
Total 23 21 32 3 79

Source: RICA database (2023).
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by Arfini et al. (2005) and further developed over the 
years to include a more detailed representation of farm 
relationships (Arfini et al., 2011; Gigante et al., 2014), 
environmental metrics, including CO2 emissions and 
water consumption (Donati et al., 2013), and policy sce-
narios, such as the CAP 2023-2027 greening measures 
(Sollazzo et al., 2014; Baldi et al., 2024).

The approach underlying the AGRISP model is 
based on the three elements listed here:
1.	 development of individual cost functions to address 

farmers’ heterogeneity;
2.	 calibration for each farm reproducing their observed 

activity levels using the so called “self-selection”, a 
rule representing the agents’ willingness to adopt the 
activities that satisfy their strategy while being aware 
of all those available (Paris and Arfini, 2000);

3.	 introduction of ABM rules to simulate the exchange 
of resources (here the production quotas) by using 
the common cost function matrix, which provides 
farmers with the information on those activities not 
included in their production plan but that could be 
adopted.
The general objective function to be maximized is 

defined as follows:

û � (1) 

subject to:

AnXn ≤ bn� (2)

where p represents the market prices for each activity j 
and farm n, and x is the vector of production levels. Q 
constitutes the non-linear part of the PMP equation; it 
is a symmetric positive semi-definite matrix, ensured 
through the Cholesky factorization, while u is the vector 
of marginal cost deviations per farm with respect to the 
frontier cost function Qx. In equation 2, A is the matrix 

of technical coefficients of limiting production factors 
(here constituted by land), and b is the vector of their 
availability. A limitation of the model lies in the x′Qx 
matrix as, due to computational constraints, the many 
activities practiced by the agents have to be aggregated 
into macro-categories (for instance, single crop species 
are grouped into broader classifications such as “cereals”, 
“oilseeds”, and so on); while this reduces the dimensions 
of the matrix, it may slightly hamper the model accuracy.

Two groups of constraints (equations 3-4, where λ is 
the vector of differential marginal costs) are introduced 
to implement the ‘self-selection’ process, providing the 
necessary structure to represent farmers’ production 
decisions. This mechanism not only enables the model 
to distinguish between activated and non-activated prac-
tices, but also extends beyond basic PMP by allowing the 
simulation of farmers’ potential access to all available 
production activities and their choice of those that are 
most economically convenient from the full set of avail-
able options.

mcn,k|xk > 0 : λ̄n,k + c̄ n ,k = Qkxn + un,k , k = 1, ..., jn� (3)

mcn,k|xk = 0 : λ̄k + c̄ k ≤ Qkxn + un,k , k = 1, ..., j – jn� (4)

The first constraint (equation 3) implies that real-
ized productions have a marginal cost (mc) equal to that 
of all the existing productions j across the frontier. The 
second one (equation 4) regards the estimation for non-
activated productions, based on the relation mc(x) ≡ λ̄  + 
c̄ = Qx̄ ,  where the common element of the cost function 
for all farms is obtained from the average marginal cost 
observed in the sample (Arfini et al., 2005). The param-
eters of the costs matrix Q are estimated through the 
Maximum Entropy approach, which consists in maxi-
mizing the level of uncertainty relative to the probability 
distribution of each element of the matrix, as explained 
in detailed in Paris and Howitt (1998). Differently from 

Table 2. Tons of CO2 emissions per hectare.

Cereals Animal feed Industrial crops Dairy milk

durum wheat 1.33 alfalfa 0.50 beetroot 1.45 milk 5.50
soft wheat 1.55 protein crops 1.04 potato 2.27
sorghum 1.33 pastures 2.24 tomato 2.24
rice 8.50 other forages 0.67 soja 0.81
barley 0.99 oleaginous 0.82
other cereals 1.33 sunflower 0.82

maize 3.52
vegetables 2.21

Source: own computations on IPCC guidelines and FADN data, as in Baldi et al. (2023).	
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other methods, like the Least Squares, the Maximum 
Entropy can be used when variable costs are known - as 
in this case - and is more consistent with the “inertia” 
characterizing economic decisions in agricultural busi-
nesses (Paris and Howitt, 1998). The ABM is strongly 
based on this estimation, as the willingness of agents to 
exchange resources among them depends on their spe-
cific marginal costs.

In AGRISP, dairy production relies on the following 
assumptions: i) milk price covers the costs of production 
(equation 5) and ii) the livestock is linked to the avail-
able land through the produced fodder crops (equation 
6, where y is the feed required per unit of milk).

pn,milkxn,milk ≤ cn,milkxn,milk� (5)

yn,fodderxn,milk – xn,fodder ≤ 0� (6)

The market price for fodder crops is set equal to 0 
as it is assumed that farmers do not sell it, but reuse it 
entirely for milk production; feed includes pastures, 
alfalfa, and other forages, while silage maize is excluded 
as it is prohibited from the PR cheese product specifica-
tion (PRG, 2025a).

To regulate the mechanisms of quota exchange, the 
following ABM constraints are developed in GAMS. 
Firstly, each farmer has the option to either sell or buy 
production quotas but, as established in the PR Produc-
tion Plan to protect activities in marginal areas (PRG, 
2014), only farmers in the same agrarian regions can 
interact among them (i.e., quotas in mountain areas can-
not be sold to plain and hill areas, and vice-versa). The 
price of quotas is exogenous and fixed at the average lev-
el observed in 2022, which is equal to 130 €/ton (PRG, 
2025b). In particular:

∑jxn,milk ≤ x̄ n,milk + Zn - Vn        ∀n� (7)

∑nZn - ∑nVn = 0       ∀n� (8)

where it is ensured that the total produced milk (∑xn,milk) 
does not exceed the initial level of production x̄ plus the 
rented quotas Zn and minus the sold quotas Vn. Equation 
8 ensures that the exchange of quotas is consistent with 
the available level. To avoid that farmers sell and buy 
quotas at the same time, the following control point for 
each agent is introduced:

ZnVn = 0� (9)

meaning that either Zn, Vn, or both must be equal to zero 
for each farm, and therefore situations where both have 

values different from 0 are avoided. Finally, the follow-
ing constraints are introduced to trace transfers for each 
pair of farms:

Zn =∑mZZn,m        ∀n� (10)

Vm = ∑nVVn,m         ∀m� (11)

ZZn,m - VVn,m = 0       ∀n∀m� (12)

where ZZn,m and VVn,m are the matrices for pairs of farms 
n and m respectively buying and selling quotas. Specifi-
cally, equation 12 ensures that the quotas bought buy one 
farm are equal to those sold by the other farm. Finally, it 
is assumed that farmers older than 65 and with no suc-
cessors do not participate in the trading of quotas and 
receive a pension equal to 12,000 €. In fact, it is reason-
able to assume that older conductors with no future per-
spectives for their activity would be less inclined to make 
investments and significantly change the structure of 
their farm; this tendency is also confirmed by the analy-
sis of Boere et al. (2015) (Section 2). When a farm reduces 
its production or exits the market (because production 
levels become zero), its land has to be transferred to 
another farm in order to keep the total UAA constant in 
the model. Consequently, constraints analogous to those 
written for milk quotas are also imposed on the land 
factor to enable its exchange among agents (Baldi et al., 
2023). This relationship is represented as:

∑j(An,jxn,j) ≤ bn + Rn - Tn       ∀n� (13)

where R and T are respectively the transferred and 
acquired hectares of land by each farm, subject to the 
same control points and behavioral rules as those listed 
above for quotas. Unlike the quota-related constraints, 
which are activated only in the scenario simulating the 
scheme, the land-related ones remain active across all 
scenarios.

3.3.1. Environmental constraints

In addition to the previous behavioral constraints, 
also environmental aspects are included in the model. 
The CAP 2023-2027 greening measures, more specifi-
cally the GAEC 7, aims at maintaining soil fertility and 
biodiversity by encouraging farmers to rotate different 
crops. In AGRISP, this standard is implemented through 
requirements on crop diversification and crop rotation 
on arable land (European Commission, 2013). Crop 
diversification is developed as follows:
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Sn,j ≤ 0.75A� (14)

Sn,j + Tn,j ≤ 0.95A� (15)

where S is the main crop, which cannot occupy more 
than 75% of the utilized land if the farm owns more 
than 10 ha of utilized agricultural area (UAA); in the 
second constraint, applied to farms with more than 30 
ha of UAA, the two main crops (S and T) cannot occupy 
more than 95% of the surface. These constraints ensure 
a diversified use of land as stated by the CAP 2023-2027 
greening measures.

Crops rotation, which requires changes between 
botanical groups, is introduced through the following 
equation:

xn,alfalfa + xn,proteics + xn,soja + xforages + xn,beet + xn,tomato = 
xn,wheat + nn,maize + nn,barley + xn,sorgum � (16)

Since AGRISP is a static, non-recursive model for 
comparative static analysis, equation 16 simplifies the 
condition on annual rotation by assuming that the 
same share of land is used for wheat, legumes and for-
ages. Similar simplifications are also commonly used in 
dynamic mathematical programming models, where the 
farm is divided into roughly equal parts and the acreage 
of each crop is maintained constant, so that crop rota-
tion is treated as a land-share parameter (Cortignani 
and Dono, 2020). Finally, greenhouse gas emissions are 
computed for each activity as described in Sollazzo et al. 
(2016), based on the guidelines provided by the regional 
legislation and the IPCC (Section 3.2).

3.4. Simulation scenarios

The milk quotas scheme is assessed by simulating 
four policy scenarios, described in Table 3. All simula-
tion scenarios include the CAP 2023-2027 greening con-
straints and payments, as well as those allowing land 
transfers, described in Section 3.3. In the following sec-
tions, the changes in economic, structural, and environ-
mental performances will be examined by analyzing the 
outcomes of introducing quotas into a free market (base-
line vs. quota_trade), and how farms respond to a price 
increase under both the free market (baseline vs. base-
line_price) and the constrained market (quota_trade vs. 
quota_trade_price) scenarios. Since AGRISP is a static 
model, all discussed values are always referred to one 
year of activity.

4. RESULTS

The simulated impacts of milk quotas are compared 
with the reference scenario (baseline) and are described 
in this section. Figure 1 depicts the policy effects on crop 
production, while Figure 2 presents the changes in milk 
production.

As expected, the productive structure of farms 
remains mostly unchanged, as they specialize in milk 
production and therefore always dedicate most of their 
land to fodder crops. On the other hand, the policy has 
more visible impacts on milk production. Compared to 
the baseline scenario, the implementation of quotas does 
not limit milk production very effectively.

However, when the milk price rises, production 
grows less markedly than in the absence of quotas. In 
particular, production is highly responsive to price in 
the non-constrained market, as it nearly doubles (Figure 
2); even though its elasticity remains more than pro-
portional to price when quotas are imposed, this reac-
tion – previously more uncontrolled – is now dampened 
(Table 4). 

To illustrate the structural effects of the policy, in 
Figures 3 and 4 the number of farms is categorized by 
altimetric areas and UAA classes, respectively. The vari-
ations in their numbers reflect the activation and deacti-
vation of sample farms as they expand or contract their 
land. When farmers’ production levels fall to zero, they 
exit the market. The total number of farms is slightly 
lower when the policy is not enforced. As shown in Fig-
ure 3, between baseline and baseline_price, there is a 
slight increase in farms across all three areas, whereas 
when milk prices rise due to the policy’s effect, there is 
an incentive to enter the market only for mountain and 
hill farms. Figure 4 shows that small producers remain 
mostly stable across the scenarios, while the activity of 
medium-large farms (21-50 ha) is more strongly promot-
ed when quotas are applied.

Table 3. Simulated policy scenarios.

Name Description

baseline No quotas policy is applied, and farmers can 
produce without production constraints.

baseline_price An increase in milk price by 7% is applied.
quota_trade The ABM constraints for the exchange of 

quotas among farmers are introduced and, 
therefore, the additional costs and revenues 
from buying and selling are added to the 
general equation (1).

quota_trade_price  The scenario quota_trade is modified by setting 
an in- crease in milk price by 7%.
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The economic impacts are shown in Figure 5, where 
the average Gross Saleable Product (GSP) and the Gross 
Margin (GM) per farm are plotted. While production 
volumes grow by 14% without quotas and by 4% with 
them in place, profits increase by 4% and 6%, respec-

tively. In Table 5, farm dimensions and their produc-
tivity (average milk production level per cow) are com-
pared. Even though milk production (and consequently 
the GSP) is higher in the quota_trade scenario than 
in the baseline, the GM is slightly worse. Conversely, 
when milk price rises (in quota_trade_price), there is an 
improvement in quota_trade, but the GM is always lower 
than in the scenario where price increases without quo-
tas being enforced (baseline_price). On the other hand, 
Table 5 highlights how in both quota scenarios there are 
more cows but concentrated in less farms. The quota 
trading mechanism fosters productivity, albeit not to a 

Figure 1. Comparison of changes in land utilization. Source: own elaborations on simulation results.

Figure 2. Comparison of changes in milk production. Source: own elaborations on simulation results.

Table 4. Elasticity of milk production to price.

Compared scenarios Elasticity

baseline vs baseline_price 6.1
quota_trade vs quota_trade_price 2.4

Source: own elaborations on simulation results.
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greater extent than the increase in milk price alone, sim-
ulated in baseline_price.

Environmental outcomes are displayed in Figure 
6. Results show that the policy is not very effective in 
reducing total greenhouse gases (GHG) emissions. How-
ever, when milk price rises, emissions increase by a low-
er degree than in the absence of quotas. 

5. DISCUSSION 

After analyzing the key findings on the implementa-
tion of the PR production plan, this study aims to evalu-
ate the actual economic, structural, and environmental 

impacts of milk supply management under the policy 
framework implemented by the PRG.

From a policy perspective, the main concern is the 
establishment of new farm assets associated with the 
right to produce milk for PR cheese, which expanded 
farms’ production capacity and economic dimensions 
(Table 5). The quotas policy fostered the conditions for 
production growth; in fact, it is not strictly binding, but 
farms can exceed their allocated production threshold 
and pursue economies of scale by trading milk quotas. In 
the scenarios, while a higher milk production is incentiv-
ized in all areas (mountain, hill, and plain) when quo-
tas are in place, the market becomes much less reactive 
to price changes (Figure 1 and Table 4). Moreover, this 

Figure 3. Dynamic number of farms per area and policy scenario. Source: own elaborations on simulation results.

Figure 4. Dynamic number of farms per UAA class and policy scenario. Source: own elaborations on simulation results.
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mechanism does not constitute a strong entry barrier, 
as there are more farms in the market than the baseline 
scenarios (Figure 2); additionally, the rule establishing 

that quotas cannot be traded between different agrarian 
regions prevents plain and hill farms – characterized by a 
much higher production capacity – from competing with 

Figure 5. Economic results per policy scenario. Source: own elaborations on simulation results.

Table 5. Farms productivity per policy scenario.

Scenarios Cows number Cows per farm Tons of milk per cow

baseline 2,346 34 5.01
baseline_price 3,111 41 5.38
quota_trade 2,832 37 5.19
quota_trade_price 3,214 41 5.35

Source: own elaborations on simulation results.
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Figure 6. GHG emission levels (CO2 and NO2) per policy scenario. Source: own elaborations on simulation results.
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mountain farms, thus supporting production and devel-
opment in such LFAs. However, since quotas represent an 
additional cost for farmers who want to expand their pro-
duction, an increase in productivity is not followed by an 
improved economic efficiency: although farms intensify 
their production in an attempt to cover their costs (Table 
5), thereby also generating a higher GSP, gross margins 
in absolute terms remain on average lower compared to 
those generated in the free market (Figure 5). This aligns 
with Bouamra-Mechemache et al. (2008), where it is stat-
ed how production quotas are attributable to decreases 
in farmers’ gross margins (which are even stronger when 
production grows). This means that gains from higher 
production quantities are not able to fully compensate 
for investments in quotas, and further price increases 
would be needed to achieve the same profits. Indeed, in 
quota_trade_price they rise by a slightly greater extent 
in percentage terms, but the result is still worse than in 
baseline_price. While the existing literature agrees on 
the positive effects of quotas on profitability, here it is 
highlighted how, in a supply chain with different and 
stricter cost structures typical of GI products, enhanced 
productivity does not necessarily come with better eco-
nomic results. On the contrary, the expansion of costs 
generated by the quotas scheme is not offset by the cur-
rent price premium guaranteed to farmers. Bigger farms, 
with stronger capital bases, may absorb these costs more 
easily, while smaller activities might experience sharp-
er constraints, which in the long term could reinforce 
structural inequalities within the sector. Therefore, even 
if quotas do not seem to stop farmers from entering the 
market, they can hamper competitiveness when econom-
ic margins are systematically eroded. Indeed, looking at 
the social dimension, even though both small farms and 
activities in marginal areas are preserved as they do not 
exit the market, there is a slight tendency to concentrate 
production towards larger farms when quotas are traded 
(Table 5). A limitation of the model lies in the absence of 
dynamic elements, which prevents us from considering 
how this dimension would evolve across multiple years. 
However, the empirical evidence (Tables S.2-S.3) con-
firms that the concentration observed in the simulations, 
when comparing the baseline and quota_trade scenarios, 
is bound to become increasingly exacerbated. While this 
may represent an advantage when it strengthens farmers’ 
ability to invest in more efficient production technologies, 
it simultaneously undermines social sustainability, as 
it excludes small farmers from the supply chain – those 
very actors that GIs are, by definition, meant to support.

At the same time, the policy does not improve the 
environmental outcomes, since GHG emissions are at 
the lowest level in the baseline scenario (Figure 6). This 

stems from the fact that, as mentioned above, the quotas 
are not strictly binding and an expansion in land allo-
cated to forage production and livestock is observed, so 
that environmental impacts are not curbed either. On the 
other hand, accordingly to the analysis of Baldock et al. 
(2008), the policy as implemented by the PR Consortium 
is actually effective in preserving marginal mountain are-
as, which, in an overly competitive context, would other-
wise be abandoned with negative consequences for soil 
and ecosystems. In this regard, the environmental issue is 
particularly relevant in light of the Art. 7 of Regulation 
(EU) 1143/2024, allowing GI groups to draft sustainabil-
ity reports on their production system.

6. CONCLUSIONS OF THE STUDY

From a methodological perspective, the PMP 
approach is employed to calibrate model parameters 
and assess production costs, replicating observed prac-
tices and outcomes. ABMs complement this approach by 
enabling the social characterization of individual agents 
and their interactions within the economic environment 
through rule-based asset exchanges. The integration of 
PMP and ABM enables broader, more realistic scenario 
simulations by accounting for economic and non-eco-
nomic parameters. The overall result is a more detailed 
analysis of impacts, ranging from sectoral to regional 
scales, and an improved understanding of the phenom-
ena observed as individual policy measures vary.

In summary, with respect to the research question 
stated in the study’s introduction, the findings suggest 
that milk quotas have mixed effects on the sustainabil-
ity dimensions of the PR cheese rural system, thereby 
allowing for the evaluation of both the pros and cons 
of the policy. In particular: i) farmers’ profits (econom-
ic aspect) are slightly eroded, ii) activities in marginal 
areas (social aspect) are preserved, but there is a gen-
eral tendency of polarization towards larger farms, and 
iii) GHG emission levels (environmental aspect) are not 
reduced, but the increased number of farms operating in 
mountain areas has a positive role on the preservation of 
ecosystems and landscapes.

When drawing conclusions, it has to be acknowl-
edged that PMP and ABMs, like any other economic 
modelling approach, imply simplifications and assump-
tions on agents’ behaviors and market dynamics. In the 
first place, even though the behavioral assumptions are 
realistic and supported by the literature, they remain 
quite simplistic with respect to reality; the decision on 
whether to participate or not in quotas investments may 
depend not only on age and future business prospects, 
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but also on risk aversion, “myopic” or long term plan-
ning, access to market information, and volatility of milk 
price. However, such data cannot be incorporated into 
the model because it is not currently available in either 
national or regional databases. Thus, future research 
may improve the model by enriching it with additional 
elements from behavioral economics theories. Further 
studies may also focus on creating recursive structures 
capable of modelling individual agents for several years, 
with the aim of studying the evolution of the system at a 
high level of detail over time.

As a closing remark, the supply control system for 
EU GIs is a significant tool for safeguarding farmers’ 
incomes; nevertheless, its application extends beyond 
PDO and PGI systems’ management, influencing rural 
development dynamics toward selecting commercial 
activities based on market competitiveness and impact-
ing the relationship between agriculture and the envi-
ronment. Therefore, it is crucial to understand the 
effects of these supply chain management tools and 
transform them into effective tools for production, social 
and environmental planning at the territorial level. 
This development should occur through collaborations 
between local stakeholders in coordination with the 
Rural Development Program.
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Abstract. Biodistricts (BDs) leverage the “significant local presence” of organic farming 
and its supply chain to reach farmers’ economic and environmental viability. Despite 
growing policy recognition in European strategies, empirical evidence of their effec-
tiveness on farms’ competitiveness remains limited. Using Italian FADN data and 
a post-Keynesian econometric model with dynamic panel data, this paper explores 
the BDs’ impact on farm labour productivity growth, capturing innovation processes 
and competitiveness. Results suggest BD membership significantly enhances labour 
productivity growth, highlighting the role of territorial specialisation and collabora-
tive networks. These benefits extend beyond organic farms, as the district’s “indus-
trial atmosphere” facilitates broader knowledge spillovers. Findings call for policies to 
strengthen social capital and promote sustainable farming practices, leveraging BDs as 
a strategy for enhancing farms’ labour productivity and sustainability through agglom-
eration externalities, whereby the farms’ spatial concentration facilitates knowledge 
sharing, joint resource use, and coordinated practice.

Keywords: biodistricts, labour productivity, agglomeration externalities, local sustain-
able development.

1. INTRODUCTION

Biodistricts (BDs), or “Eco-Regions”, represent a novel approach to 
Local Food Systems (LFSs), intended as geographically concentrated and 
specialized local production systems comprising farms, connected busi-
nesses, services and institutions engaged in producing and marketing local 
food (Sanz-Cañada & Muchnik, 2016). BDs enrich LAFS approach by root-
ing food system development in organic farming principles. A ‘Biodistrict’ is 
a geographical area where farmers, the public, tourist operators, associations 
and public authorities enter into an agreement for the sustainable management 
of local resources, based on organic principles and practices (COM (2021)1 141 

1 European Commission’s Communication on an action plan for the development of organic pro-
duction, available at https://eur-lex.europa.eu/legal-content/IT/TXT/HTML/?uri=CELEX:52021
DC0141R(01)
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final/2, p. 15). Strengthening local organic supply chains 
drives multi-stakeholder development of the food sec-
tor and wider community, linking territorial organic 
production with tourism, crafts, environment, and local 
societal interactions (Assiri et al., 2021). Beyond the ter-
ritorial concentration of farms and related actors, BDs 
are distinguished by the embeddedness of production 
within the local socio-economic context through rela-
tionships with local communities, their know-how,  die-
tary practices, and institutions (Muchnik et al., 2007). 
They foster place-based approaches to sustainable local 
development (Stotten & Froning, 2023) and economic 
viability of local food production, and support hori-
zontal and vertical cooperation networks (Duarte et al., 
2025). Due to these abilities, BDs are receiving growing 
policy attention, as reflected in their recognition under 
the Italian2 Law No. 23/2022. Moreover, both the EU 
Action Plan for the Development of Organic Production3 
(COM(2021) 141 final) and the EU’s long-term vision for 
rural areas4: towards stronger, connected, resilient and 
prosperous rural areas by 2040 (COM(2021) 345 final) 
identify BDs as effective instruments for maximising the 
economic and socio-cultural potential of territories.

Given these peculiarities, BDs can be studied 
through the economic literature on industrial districts 
and economies of scale. According to Marshall (1920), 
territorial concentration enhances local firms’ efficiency 
by activating external economies of scale. Building on 
Marshall’s work, Porter (1990) posits that geographic 
concentrations of interconnected companies, special-
ised suppliers, service providers, and institutions can 
enhance competitiveness and drive innovation by rais-
ing labour productivity, supply chain coordination, 
knowledge spillovers and specialised human and techni-
cal resources, thereby strengthening firms’ competitive 
advantage (David & Rosenbloom, 1990). These mecha-
nisms are particularly relevant in LFSs, where small 
farms benefit from cooperation, vertical integration and 

2 Italian law No. 23/2022 defines BDs by combining their double nature 
of production systems characterised by productive specialisation and 
territorially embedded socio-economic configurations, as follows: 
“Territories with a strong agricultural vocation in which there is a sig-
nificant presence of organic productions, in compliance with the regula-
tions, where organic farmers, processors, consumer associations or local 
authorities collaborate, on the basis of formal agreements, collaborate for 
the local uptake of organic farming, for the dissemination of its values 
and for the support and enhancement of sustainability of local economic 
activities other than agriculture” (Art. 13). So, BDs aim at promoting 
both the local uptake of organic farming and its supply chain, and the 
multifunctionality of agriculture, including integration with tourism 
(e.g., agritourism and social agriculture) and environmental protection 
(Pomponi et al., 2026).
3 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52021DC0141
4 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52021DC0345

collective production and marketing approaches (Man-
tino & Vanni, 2018).  Consistent with Porter’s cluster 
theory, BDs exhibit institutional and strategic arrange-
ments for enhancing competition in local organic farm-
ing (Zanasi et al., 2020) and can represent an innovative 
approach to sustainable, integrated and participatory 
territorial development5. However, while the literature 
has extensively discussed the externalities of spatial 
concentration, quantitative evidence remains limited 
and mixed, despite offering valuable qualitative insights 
(Sturla et al., 2024). Truant et al. (2019) find no particu-
lar economic benefits for organic farmers associated with 
BD membership, contrary to expectations from localisa-
tion economics. Instead, studies based on self-evaluation 
of farmers in BDs through FAO’s CAET assessment 
framework (Mottet et al., 2020) show that high “effi-
ciency” scores are driven by higher productive autono-
my, reduced reliance on external inputs, and lower use 
of chemical inputs, leading to cost reduction and higher 
net income (Passaro & Randelli, 2022b). While efficien-
cy is thus attributed to technical choices, these studies 
describe the existence of producer networks and knowl-
edge-sharing within BDs, enabling economies of scale 
for better economic performance (Sciurano et al., 2024).

There’s limited evidence on the contribution of BDs 
to farm labour productivity. To fill this gap, empirically 
assessing whether clustering processes in BDs enhance 
competitive advantages is highly relevant for policymak-
ing, as this paper contributes to the effectiveness of terri-
torial approaches to organic supply chains by examining 
labour productivity dynamics, which are closely linked 
to socio-economic outcomes such as unemployment and 
inequality (Wu et al., 2020), as well as to process and 
production innovation. The econometric model is based 
on the post-Keynesian framework, whereby labour pro-
ductivity growth depends on the value-added dynamic 
(the so-called Smith effect or Kaldor-Verdoorn Law (see 
Sylos Labini, 2006)), thanks to division of labour and 
static and dynamic economies of scale, and on the capi-
tal intensity growth rate, according to Kaldor’s technical 
progress function (Garofalo & Guarini, 2018). Using the 
System Generalized Method of Moments (GMM-SYS) 
estimator on a dynamic panel of farms from the Italian 
FADN, this paper estimates how the labour productivity 
growth rate is impacted by local productive specialisa-
tion in BDs. Since this is not measured directly, the pres-
ence of a BD is used as its proxy, justified by the BD’s 
definition as homogeneous territories with a relevant 
concentration of organic production.

5 https://openknowledge.fao.org/server/api/core/bitstreams/be3a420b-
37c0-4805-98c1-6d91783c9e4f/content
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The remainder of the paper is organised as follows. 
Section 2 presents a literature review on industrial dis-
tricts, territorial economies of scale and open eco-inno-
vation, with a focus on food systems and BDs. Section 3 
describes the database and the econometric model. Sec-
tion 4 discusses results, while Section 5 concludes.

2. LITERATURE REVIEW

Becattini (1991) defines the industrial district as a 
socio-territorial construct combining a community of 
individuals and a concentration of enterprises within 
a geographically and historically delimited area, pre-
dominantly operating in the same sector. Marshall’s 
(1920) agglomeration advantages arise from three key 
factors: a) the ability to support specialised suppliers; 
b) a geographically concentrated industry allows for 
labour market pooling; c) a geographically concentrat-
ed industry promotes knowledge spillovers. Rabellotti 
(1995) observes four sources of competitive advantage in 
industrial districts: 1- spatial concentration and secto-
ral specialization of small and medium-sized enterpris-
es (SMEs); 2- the existence of forward and backwards 
linkages, involving market and non-market exchanges 
of goods, information, and personnel; 3- a shared socio-
cultural foundation connecting and shaping implicit 
but occasionally explicit actors’ behavioural code; 4- the 
presence of local public and private institutional net-
work supporting the cluster activities. These advantages 
can be interpreted as Marshallian external economies, 
manifesting statically as reducing production costs, and 
dynamically, encompassing education, workforce train-
ing, and the collective accumulation of tacit knowledge. 
Learning by doing and informal learning processes 
within districts foster innovation, leading to collective 
improvements in labour productivity (Bellandi & Caloffi, 
2008), faster technological adoption (Foster & Rosenz-
weig, 1995), and the development of local learning com-
munities (Volpentesta & Ammirato, 2013).

Becattini and Coltorti (2004) highlight that labour 
productivity growth depends on the interaction between 
the local community and the productive system, whose 
environment and human values and knowledge perme-
ate the productive apparatus, while intra-district com-
petition lowers the transaction costs in the local market 
(Becattini, 1991). The role of geographical concentration 
has been further developed in economic theory: Porter 
(1990), drawing on the Italian geographic clustering con-
centration and on the case of Sassuolo’s industrial dis-
trict (Sforzi, 2008), equates industrial districts as a spe-
cific form of industrial clusters within the broader cluster 

concept. Early-stage cluster development may intensify 
local competition, stimulating innovation and the con-
tinuous renewal of competitive dynamics (Pouder & St. 
John, 1996). Clusters enhance firms’ productivity incen-
tives through intense competitive pressure, continuous 
benchmarking, shared local conditions (e.g., labour costs 
and market access), and geographical proximity-driven 
differentiation among firms (Porter, 2000). The strong 
formulation of the Porter hypothesis, instead, posits that 
environmental regulation can induce eco-innovation, 
improving competitiveness by reducing costs and increas-
ing productivity (Porter & Van der Linde, 1995).

Productivity growth is typically attributed to endog-
enous knowledge diffusion, promoted by firms’ spatial 
proximity (Gustavsson, 2003). Synergistic mechanisms, 
including imitation, stakeholder collaboration, public–
private partnerships, research–industry linkages, and 
supplier–customer interactions, strengthen regional 
innovation capacity (Rabellotti, 1995). Especially, indus-
trial districts act as engines of economic development 
due to their flexibility and innovation capacity, as the 
“industrial atmosphere” sustains continuous grassroots 
innovation; however, global f lows of knowledge and 
labour and the increasing integration of science into 
production challenge local identities and tacit capabili-
ties, prompting both traditional and emerging districts 
to adopt the open innovation mode (Bellandi & De Pro-
pris, 2017). Under this approach, firms rely on external 
sources of knowledge, combining diverse competences 
and codified knowledge (Fabrizi et al., 2018). Indeed,  
the existence of a “knowledge relations spiral” within dis-
tricts facilitates an ongoing circulation of tacit and codi-
fied knowledge among internal and external actors (de 
Felice et al., 2019), making knowledge accumulation and 
exchange a key source of sustained competitive advan-
tage at both firm and district levels.

Despite manufacturing sector has received predomi-
nant attention due to its significant socio-economic 
implications associated with labour productivity growth, 
agglomeration can activate technology and knowledge 
spillovers, enhance competition in the agricultural 
industry, and mature factor markets through stronger 
upstream-downstream linkages (Wang et al., 2022). 
Structural changes in the food industry (for instance, 
increased vertical integration, greater network coordi-
nation, and growing demands for “localities”) parallel 
those in other sectors (Carbone, 2017), with evidence of 
output growth in downstream segments of food supply 
chains and territorial proximity-drive spillover effects. 
Specifically, the local clustering of wholesalers, retail-
ers, food service providers, and concentrated agricul-
tural production enhances firm revenues, with effects 
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varying with urbanisation and non-linear agglomeration 
dynamics in rural areas (Schmit & Hall, 2013). Howev-
er, empirical evidence on farm-level labour productivity 
in relation to territorial agglomeration remains limited. 
Garrone et al. (2019) examine how EU decoupled subsi-
dies support labour productivity growth in agriculture, 
while coupled payments actually hinder it, although 
geographical factors are not fully accounted for. Instead, 
consistent with the Marshallian perspective, proximity 
and density improve farms’ technical efficiency through 
knowledge exchange and spillovers (Hailu & James Dea-
ton, 2016; Lakner et al., 2012).

Following the decline of mass production in the 
1970s, nationally specific forms of geographic concen-
tration gave rise to “Italian industrial districts”, defined 
by clusters of SMEs specialising in consumer goods and 
related equipment (Sforzi, 2008), embedded in shared 
cultural contexts, local development dynamics, and 
dense inter-firm collaborations. This tradition progres-
sively reframed Italian agricultural systems not only 
in spatial or environmental terms but also as places of 
social and economic relationships (Becattini, 2017), fos-
tering the identification of geographically bounded agro-
industrial systems shaped by local knowledge, territorial 
conformation and local traditions about techniques and 
agricultural products (Cavallo & Marino, 2014; Montre-
sor, 2000). Organic farming – given its systemic nature 
and its environmental, social, and educational objectives 
– lends itself to district organisation, providing the foun-
dation for the BDs’ development and a conceptual link 
with the industrial district and territorial economies of 
scale literature.

The integrated territorial approach emphasises agri-
food systems’ ability to leverage their embeddedness 
and social networks, recognising their interdependence 
with local resources and proximity-based social relations 
(Kristensen et al., 2016). BDs can function as intermedi-
ate territorial entities, promoting the transition toward 
more sustainable food systems (Passaro & Randelli, 
2022a). Although quantitative evidence remains lim-
ited, the literature situates BDs within Marshallian and 
Porterian frameworks of agglomeration externalities. 
By activating external economies of scale, BDs provide 
institutional and strategic arrangements for enhanc-
ing competition in local organic farming (Zanasi et al., 
2020). In BDs, organic farming serves as a cohesive ele-
ment around which actors coordinate and share goals 
and activities (Favilli et al., 2015), enabling the develop-
ment of collective institutional arrangements, knowledge 
networks and market coordination that foster knowl-
edge exchange, peer learning, and cooperative practices 
in input procurement and product distribution, thereby 

enhancing farm competitiveness (Saenz et al., 2024; Stot-
ten et al., 2017).

BDs coordinate local farmers in adopting agro-
ecological and organic practices, often involving eco-
innovation aimed at environmental preservation and 
the sustainability of food systems (Canwat & Onakuse, 
2022). Although eco-innovations improve process effi-
ciency, labour productivity, and environmental per-
formance, they require greater technological complex-
ity and depend more on codified, heterogeneous knowl-
edge than in other agricultural districts (Barbieri et al., 
2020). BD provides a place-based agency for innovation 
grounded in shared knowledge fostered by social and 
geographical proximity (Chaminade & Randelli, 2020). 
However, SMEs’ limited capabilities to develop eco-
innovations can be mitigated through external knowl-
edge and collaboration, as the open eco-innovation para-
digm emphasises the role of external knowledge sources, 
responsible partnerships, and integration into eco-inno-
vation systems in overcoming internal constraints and 
accessing diverse expertise through collaborative net-
works (Ghisetti et al., 2015). Although locally embedded, 
BDs benefit from engagement with national and interna-
tional networks (e.g., the International Network of Eco-
Regions), which support knowledge exchange and the 
diffusion of best practices (Belliggiano et al., 2020).

Since eco-innovations require more heterogeneous 
knowledge, the effectiveness of innovation capabilities 
depends on the cooperation among heterogeneous stake-
holders to facilitate efficient, low-cost knowledge integra-
tion (Fritsch & Schwirten, 1999). The Quintuple Helix 
model frames innovation as emerging from interactions 
between universities, industry, institutions, civil society 
and the “society’s natural environments” (Carayannis et al., 
2022), and clusters embody such multi-actor configurations 
(Porter, 2000). Although geographically extensive districts 
are gaining importance, they can complement localised 
relationships, fostering knowledge creation and diffusion, 
especially via strong university–industry linkages and civil 
society engagement, enabling multi-stakeholder innovation 
hubs. BDs, bringing together farmers, public authorities, 
civil society, and economic actors, can be interpreted as 
locally coordinated Quintuple Helix systems, where multi-
level collaboration and environmental embeddedness foster 
knowledge accumulation, supply-chain specialisation, and 
farm-productivity gains (Donati et al., 2023).

3. DATA AND ECONOMETRIC MODEL

This study investigates the impact of BDs on farms’ 
labour productivity growth rate using an unbalanced 
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dynamic panel from the Italian FADN database, cover-
ing over 122,000 farms6 between 2008 and 2021. 

In post-Keynesian thought, the labour productivity 
growth rate is a crucial variable for economic develop-
ment, capturing innovation, competitiveness and effi-
ciency improvements. The output growth rate and the 
capital accumulation process can endogenously deter-
mine it. The former concerns the so-called Smith effect 
(Sylos Labini, 2006): the market expansion stimulates the 
horizontal and vertical division of labour, fostering tech-
nical and organisational innovations and, consequent-
ly, labour productivity gains. This effect is also called 
the Kaldor-Verdoorn law (Thirlwall, 1983), which links 
labour productivity growth to value-added growth rate 
via static decreasing fixed unit costs for the enlargement 
of the production scale and dynamic increasing returns 
or economies of scale for learning by doing, learning 
by using and learning by networking (Hein & Taras-
sow, 2010). The latter corresponds to the mechanisation 
effect expressed by Kaldor’s technical progress function 
concerning the innovation processes for labour saving 
(Antenucci et al., 2020). Increases in capital per worker 
enhance labour productivity growth, as technological 
progress is embodied in new capital equipment, enabling 
the adoption of more advanced methods, with conse-
quent higher labour productivity (Kaldor, 1961). There-
fore, the econometric strategy is specified as follows (see 
Supplementary material for detailed description of Italian 
BDs in Fig. S.1 and Table S.1, summary statistics in Table 
S.3 and robustness check in Tables S.4 and S.5):

dPRODit = α0 + α1dPRODit-1 + α2dVAit + α3dKLit + α4BD 
+ α5∑n

i=1FARM_CHARi + γij + μt + ci + uit� (1)

dPRODit = β0 + β1dPRODit-1 + β2dVAit + β3dKLit + β4 
∑n

i=1BD_CHAR + β5 ∑n
i=1FARM_CHARi + γij + μt + ci + 

uit� (2)

Where for farms i = 1, …, 122000 and the reference 
year t = 2008, …, 2021. The terms γij, μt, ci and uit are 
regional dummies, year dummies, the idiosyncratic indi-
vidual and time-invariant firm fixed effects and a white 
noise residual, respectively.

In equations (1) and (2), the dependent variable is 
the farm’s labour productivity growth rate (dPRODit), 
calculated as the first difference of the logarithm of the 
ratio between value-added and Agricultural Working 
Unit (AWU). All models include the lagged depend-

6 Farms located in the regions of Sardinia and Marche were excluded 
from the sample to prevent potential bias due to the presence of BDs 
covering the entire regional territory, which would compromise esti-
mates based on inside–outside geographical comparisons

ent variable (dPRODit-1), the capital intensity growth 
rate (dKLit) given by the logarithm of the ratio between 
tangible assets and the number of employees, the value 
added growth rate (dVAit) measured as the logarithm of 
deflated value added. All models control for important 
farm characteristics (FARM_CHAR): LEGAL_FORM 
dummies7 based on the farm’s legal form from the reg-
istration to the Chamber of Commerce; MANAG_SYS 
dummies, which indicate the management system of 
farms, depending on the type of labour is used; OTE_
CODE dummies8, controlling for the type of farming as 
defined by REG (EC) No. 1242/2008 and implemented 
in the FADN survey to identify the type of agricultural 
holding according to its main production activity; UAA 
is the logarithm of the utilised agricultural area.

Equation (1) includes the independent variable BD, a 
dummy representing whether the farm lies in a Munici-
pality inside a biodistrict used as a proxy for agglomera-
tion effects and potential economies of scale generated 
by biodistricts. Equation (2) controls for a set of terri-
torial and farmer characteristics that interact with BD 
membership (BD_CHAR): a) if the farm within a BD 
exhibit positive growth in renewable energy use (BD_
rin), to account the energy-related technical efficiency; b) 
if the farm belongs to a BD that is not located in Less 
Favoured Areas (LFAs)9 (BD_nozsva); c) if the BD is 
located in the North-Central regions (BD_CN) or in the 
South and Sicily (BD_MZ); d) if the farm within a BD 
is managed by a young farmer under 40 (BD_young) for 
testing the role of younger farmers in fostering innova-
tion and sectoral sustainability, as they introduce novel 
perspectives, drive innovation, and inject vitality (Gou-
las & Papachatzis, 2024); e) the BD experience and the 
accumulated tacit knowledge (Exp), measured as the log-
arithm of the difference between the year of observation 
and the year of its establishment.

7 The legal forms in the FADN dataset are: 1) Sole proprietorship; 2) 
Simple partnership; 3) General partnership (s.n.c.); 4) Limited partner-
ship (s.a.s.); 5) Joint-stock company (s.p.a.); 6) Limited liability com-
pany (s.r.l.); 7) Partnership limited by shares (s.a.p.a.); 8) Cooperatives 
(with limited or unlimited liability); 9) Social cooperative; 10) Produc-
ers’ association; 11) Other recognized or unrecognized association; 12) 
Public entity; 13) Other profit-oriented legal form (Consortium); 14) 
Other non-profit legal form (Foundation); 15) Common ownership or 
collective lease; 16) Other type.
8 The farming Code in FADN dataset are: 1 = Specialist field cropss; 2 
= Specialist horticulture; 3 = Specialist permanent crops; 4 = Special-
ist grazing livestock; 5 = Specialist granivores; 6 = Mixed cropping; 7 = 
Mixed livestock holdings; 8 = Mixed crops-livestock. 
9 LFAs are classified, according to EU Regulation No. 950/97 (Articles 
22–24) in: 1) no disadvantaged; 2) partially disadvantaged by natural 
conditions; 3) totally disadvantaged by natural conditions; 4) partially 
disadvantaged for socio-economic inequalities; 5) totally disadvantaged 
for socio-economic inequalities.
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Estimating the agglomeration effects on labour pro-
ductivity requires addressing endogeneity arising from 
potential reverse causality (Graham et al., 2010). To 
address this problem, this empirical analysis employs 
the system generalised method of moments (GMM-SYS) 
approach (Blundell & Bond, 1998), which accounts for 
individual fixed effects and the past dependency of the 
dependent variable, as well as the potential endogeneity 
resulting from reverse causality between regressors and 
the dependent variable (Garofalo et al., 2020). All contin-
uous covariates and BD are treated as potentially endog-
enous and instrumented using the lagged covariates and 
dummies related to the farm’s characteristics, regions 
and years as instruments. This GMM-SYS is particularly 
suitable for unbalanced panel data, enhancing efficiency 
through an expanded instrument set (Roodman, 2009).

4. RESULTS AND DISCUSSION

4.1. Main results

This section shows and discusses the empirical evi-
dence regarding the impact of BD location on farm 
labour productivity dynamics (see Table 1), and further 
examines this effect in relation to specific characteristics 
of BDs and farms (see Table 2).

In Table 1, columns 1 and 4 show the baseline model 
without and with the biodistrict (BD) dummy, respec-
tively, estimated on the whole sample of farms. Columns 2 
and 3 present the baseline model estimated on subsamples 
of farms located outside and inside BDs, respectively. Col-
umn 5 replicates the specification in column 4, treating 
BD membership as potentially endogenous to account for 
the unobserved factors that connect farmers’ participation 
in a BD and higher productivity rates. The baseline model 
is confirmed in all the equations, both for the whole sam-
ple as well as for “inside” and “outside” BD subsamples 
(see columns 1-3 of Table 1). The overall negative and sig-
nificant coefficient of the lagged variable dPRODit-1 shows 
a negative dependence of labour productivity dynamics 
on the past. Consistent with the post-Keynesian literature, 
the Value Added growth rate (dVAit) shows a positive and 
significant coefficient at 1% (5% in column 2), suggesting 
the positive effect of economies of scale for labour produc-
tivity in agriculture. The significant (at 1%) and positive 
coefficients of dKLit support the validity of the mechanisa-
tion effect also for the agricultural sector, although its sig-
nificance decreases to 10% in column 3.

Table 1 reveals that BD participation positively 
impacts farm-level labour productivity, as indicated 
by the significant at 5% positive coefficient of the BD 
dummy in column 4. In column 3 ( farms inside BDs), 

variable UAA_itis significant (5%) with a negative coef-
ficient, consistent with the inverse relationship between 
innovation capacity and land size typically observed in 
more traditional farms with a lower propensity to inno-
vate (Helfand & Taylor, 2021). Since BDs primarily tar-
get farms that benefit most from cooperation initiatives 
(RRN, 2019), this evidence, together with the positive 
and significant coefficient of “being in a BD” in column 
4, suggests that the observed productivity gains are driv-
en by agglomeration (Marshallian) externalities associ-
ated with spatial proximity. When BD participation is 
treated as potentially endogenous (column 5), its coeffi-
cient remains positive and statistically significant, con-
firming the robustness of the BD–productivity relation-
ship to endogeneity bias.

Table 2 expands the analysis by interacting BD 
membership with farm and territorial characteristics to 
explore sources of the competitive advantage (treating 
BD dummy as endogenous). While baseline model is con-
firmed in all equations with consistent effects, the inter-
action variables reveal a mutually reinforcing impact of 
farms and territorial characteristics and BD presence on 
labour productivity dynamics. Although the coefficient 
of UAA_it remains insignificant, its inclusion strength-
ens model robustness as a key control. Column 1 reports 
the interaction of BD membership with the adoption by 
farmers of renewable energy (BD_rin), representing eco-
innovations. The positive and significant at 5% coefficient 
of BD_rin suggests that BD environments foster condi-
tions conducive to sustainable innovation; since renew-
able resources are widely available within the farm sector, 
effective energy-efficient practices and on-farm renewable 
energy sources can reduce farmers’ energy costs.

In column 2, the positive and significance (5%) 
coefficient of BD_nozsva indicates that the competitive 
advantage from BD participation is not driven by mar-
ginality because it focuses on municipalities without 
physical or social disadvantage (Reg EC No. 950/97). 
Columns 3 and 4 report the coefficients of the interac-
tions between BD membership and the geographical 
area: Centre-Northern (CN) and Southern (MZ) Italy, 
whose coefficients are both positive and significant at 
10% and 5%, respectively. Both variables capture the 
interaction between BD and territorial features not cap-
tured by other covariates, suggesting that BD’s action 
depends on the local socio-economic context. While 
organic farming and cooperation are prevalent in South-
ern Italy, some Centre-Northern regions have introduced 
specific regional legislation10 regulating BDs, eventually 
providing for financial support (Assiri et al., 2021).

10 Liguria (L.R. 66/2009); Lazio (L.R. 22/2019) and Toscana (L.R. 
16/2014).
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Column 5 evaluates the interaction between BD 
membership and the young farmer status. The signifi-
cant at 5% and positive coefficient of BD_young variable 
indicates that younger farmers’ greater propensity for 
innovation contributes to labour productivity growth, 
reflecting their higher openness to new initiatives and 
stronger inclination toward organic agriculture and par-
ticipation in biodistricts (Mazzocchi et al., 2020). Lastly, 
column 6 reports a positive and significant at 5% impact 
of BDs’ experience (Exp) on labour productivity, sup-
porting the presence of a “district effect” in agriculture.

4.2. Discussion of results

Evidence from Tables 1 and 2 suggests that the com-
petitive advantages derived from BD membership could 
stem from its place-based development approach, which 
activates external economies of scale. Consistent with 
the post-Keynesian literature (e.g., Blecker & Setter-
field, 2019), findings confirm the key role of economies 
of scale in enhancing labour productivity in agricul-
ture. As output increases, average costs decline, improv-

ing efficiency and supporting farm labour productivity 
growth through innovation and specialisation. Empirical 
evidence from a group of farms in the Salzburg region 
specialising in milk production shows that the pursuit of 
economies of scale increases production intensity, labour 
productivity, and reduces production costs. In addition, 
the mechanisation effect aligns with previous studies, 
describing how mechanisation in labour-intensive agri-
culture enhances labour productivity by complementing 
labour (De Roest et al., 2018).

Cooperation and knowledge sharing, either formal 
or informal, are central in BD strategies (Passaro & Ran-
delli, 2022b). Results suggest how the territorial cluster-
ing of specialised farms generates agglomeration advan-
tages, lowering per-unit costs and intensifying regional 
specialisations, as observed in other agricultural dis-
tricts. While this supports a competitive advantage from 
BDs, its exact source remains difficult to identify. It may 
reflect the activation of aggregation economies and the 
emergence of dynamic increasing returns and learning 
processes related to cooperation initiatives. However, 
the presence of economies of scope due to diversification 

Table 1. The impact of BD participation on a farm’s labour productivity.

(1) 
dPRODit 
All farms

(2)  
dPRODit 

Farms outside BD

(3)  
dPRODit 

Farms inside BD

(4)  
dPRODit 

All farms (Exogenous 
BD)

(5)  
dPRODit 
All farms 

dPRODit-1 -0.104*** -0.0339 -0.174*** -0.0832* -0.0832*
(-3.02) (-0.28) (-5.29) (-1.94) (-1.93)

dVAit 0.604*** 1.309** 0.689*** 0.618*** 0.593***
(4.46) (2.18) (4.07) (3.48) (3.35)

dKLit 3.627*** 7.585*** 1.517* 3.965*** 3.926***
(3.02) (2.98) (1.74) (2.79) (2.76)

BD 5.550** 3.689**
(2.27) (2.09)

UAA_it 0.168 0.109 -0.830** -0.00634 0.0763
(0.57) (0.47) (-2.54) (-0.03) (0.34)

Constant 1.646* -0.191 2.242*** -0.561 -0.527
(1.68) (-0.37) (3.09) (-0.82) (-0.82)

LEGAL_FORM Dummies Yes Yes Yes Yes Yes
Dummies
MANAG_SYS Dummies Yes Yes Yes Yes Yes
OTE_CODE Dummies Yes Yes Yes Yes Yes
Regional Dummies Yes yes yes yes yes
Year Dummies Yes Yes Yes Yes Yes
Observations 62777 52125 10652 62777 62777
Hansen test (p-value) 0.522 0.428 0.681 0.236 0.242
AR (1) (p-value) 0.00000219 0.00000115 2.71e-13 0.0000273 0.0000277
AR (2) (p-value) 0.392 0.0759 0.522 0.199 0.200

Note: t statistics in parentheses; * p<0.1, ** p<0.05, *** p<0.01.
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cannot be excluded, as highlighted in similar experienc-
es (De Roest et al., 2018).

A further contribution of the empirical study is that 
positive impacts on BDs’ participation also extend to 
conventional farmers, reflecting the “industrial atmos-
phere” generated by specialisation, which benefits not 
just organic farmers (Becattini, 1991). The Biovallee 
case in France shows that BD’s atmosphere supports 
the adoption of environmentally friendly practices by 
local conventional farmers. Consistent with the open 
eco-innovation mode, complementarities between stand-
ard and new institutional innovations, such as BDs 
conceived as “instruments of knowledge” (Stefanovic & 
Agbolosoo-Mensah, 2023), generate knowledge spillovers 
and economies of scope. This context is characterised 

by trust, networking, and institutional arrangements, 
reflecting the embeddedness of local economic activities 
(Granovetter, 1985).

Rising concerns over climate change and industrial 
sustainability have intensified focus on environmen-
tal performance, particularly on energy efficiency due 
to its link to innovation and competitiveness (Tripathy 
et al., 2024). This connection is particularly evident in 
agriculture, where energy productivity remains volatile, 
indicating limited farmers’ ability to optimise energy 
use through technological upgrading and energy-saving 
practices (Ball et al., 2015). Findings suggest that BDs 
can activate inter-organisational networks and innova-
tive governance for greater productivity and sustainabil-
ity, driving improvements in energy efficiency and circu-

Table 2. The impact of biodistricts’ characteristics on labour productivity.

(1) 
dPRODit

(2)  
dPRODit

(3)  
dPRODit

(4)  
dPRODit

(5)  
dPRODit 

(6) 
dPRODit 

dPRODit-1 -0.0837* -0.0814* -0.0818* -0.0832* -0.0932** -0.169*
(-1.94) (-1.88) (-1.89) (-1.93) (-2.19) (-1.83)

dVAit 0.596*** 0.650*** 0.625*** 0.593*** 0.587*** 0.522
(3.37) (3.48) (3.48) (3.35) (2.95) (0.99)

dKLit 3.927*** 3.953*** 4.014*** 3.926*** 3.580** 3.106***
(2.77) (2.83) (2.80) (2.76) (2.56) (3.49)

BD_rin 3.909**
(2.25)

BD_nozsva 4.763**
(2.10)

BD_CN 4.336*
BD_MZ (1.75)

3.689**
(2.09)

BD_young 1.190**
(1.96)

Expit 0.359**
(1.99)

UAAit 0.0630 0.0653 0.0760 0.0763 0.362
(0.28) (0.29) (0.33) (0.34) (1.08)

Constant -0.521 -0.240 -0.573 -0.527 1.648 -0.0843
(-0.83) (-0.43) (-0.79) (-0.82) (1.46) (-0.43)

LEGAL_FORM Dummies Yes Yes Yes Yes Yes No
MANAG_SYS Dummies Yes Yes Yes Yes Yes No
OTE_CODE Dummies Yes Yes Yes Yes Yes No
Regional Dummies Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes
Observations 62777 62777 62777 62777 62777 2584
Hansen test (p-value) 0.291 0.165 0.0823 0.242 0.930 0.0732
AR(1) (p-value) 0.0000276 0.0000292 0.0000290 0.0000277 0.00000910 0.00676
AR(2) (p-value) 0.200 0.197 0.196 0.200 0.394 0.744

Note: t statistics in parentheses; * p<0.1, ** p<0.05, *** p<0.
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lar-economy initiatives (Poponi et al., 2021), consistent 
with Law 23/2022’s call for “pursuing resource-conserving 
development” (Art 13). Indeed, BDs actively promote 
networks for rational and sustainable energy use with 
the double objective of curbing CO2 emissions while 
lowering production costs (Lasorella, 2024).

Consistent with existing literature, yet at odds with 
the perceived mission of BDs, the association between 
BD-related competitive advantages and territorial mar-
ginality suggests that benefits tend to concentrate in 
municipalities lacking significant physical or social dis-
advantages, despite BDs being intended as instruments 
for rural revitalisation. Therefore,  the BD effectiveness 
seems closely conditioned by the local socio-economic 
context, particularly the availability of supporting servic-
es and infrastructure (Assiri et al., 2021). Furthermore, 
the long-standing experience of BDs can stimulate alter-
natives to mainstream agricultural regimes by enabling 
new business models and organisational routines, there-
by enhancing the attractiveness of rural areas for young-
er farmers, who are more likely to adopt innovative prac-
tices, undertaking higher levels of risk for establishing 
and expanding their enterprises (May et al., 2019). The 
Val di Vara biodistrict exemplifies this dynamic: sus-
tained collective action in organic farming has restruc-
tured local meat and dairy supply chains, increasing 
employment opportunities and areas’ appeal to younger 
farmers (Viganò & Sturla, 2013).

By bridging the industrial district and agricultural 
economics literature, this study shows that a “district 
effect” on labour productivity emerges once BD activ-
ity becomes significant, typically over the medium 
term. Time is crucial for the development of the district 
atmosphere and the activation of external economies. 
Technological progress is a cumulative learning pro-
cess, underpinning the knowledge accumulation and the 
emergence of innovation (Winter et al., 2000). Accord-
ingly, regions with a longer history of specialisation tend 
to endow firms with greater stocks of intangible assets, 
such as tacit knowledge and institutional capabilities, 
than less developed regions (Gustavsson, 2003).

5. CONCLUSIONS

This paper estimates the effects of BDs on farm 
labour productivity growth using a dynamic panel 
GMM model on the Italian FADN dataset. Findings 
highlight that BD membership positively affects inno-
vation and competitiveness, supporting the economic 
viability of sustainability-oriented networking. By fram-
ing BDs within a post-Keynesian framework, the BDs’ 

impact on labour productivity is interpreted as arising 
from their intrinsic nature, whereby development pro-
cesses involve civil society and sustainability principles 
generate competitive advantages, indicating their capac-
ity to activate dynamic returns to scale as a key mecha-
nism shaping local growth. 

Findings support integrating a territorial perspec-
tive into post-Keynesian economics by combining the 
economies of scale analyses (dynamic increasing returns, 
learning by doing, network externalities) with place-
based drivers and barriers, concerning institutional, geo-
graphical and social dimensions, and the evolutionary 
path of local economic and technological relations. In 
line with the quintuple helix model, considering BDs as 
institutional innovation where science, business, policy, 
society, and nature interact underscores their nature as 
collective innovation, in which local demand sustains 
labour productivity and collective action generates spill-
overs diffusing sustainable farming practices (Kreft et 
al., 2023).

Empirical analysis provides interesting policy impli-
cations. From the lens of Porter’s strong hypothesis, 
organic farming principles can act as institutional driv-
ers of efficiency and product diversification. Evidence 
from BD practices supports this view: municipalities 
within the Biodistretto della Via Amerina e delle Forre 
issued regulations limiting pesticide use in hazelnut 
orchards, alongside technical support - provided in col-
laboration with regional authorities - to facilitate com-
pliance among conventional farmers11. Findings suggest 
that BD initiatives generate indirect benefits for con-
ventional farms. BDs’ policies should aim to stimulate 
at least the adoption of sustainable practices by conven-
tional farms because strengthening the ‘district atmos-
phere’ through enhanced social capital and knowledge 
diffusion can foster their uptake of sustainable practices. 
As in the Parma Biodistrict (Guareschi et al., 2023), pro-
gressive labelling or participatory certification systems 
could be supportive.

Findings show that BDs can be conceptualised as 
territorial systems in which labour productivity benefits 
from governance structures reinforcing environmental 
policies (such as incentives for renewable energy adop-
tion) through the cooperative and knowledge-sharing 
dynamics typical of the district approach, as observed 
in local food systems. Nevertheless, this “district effect” 
rises in non-marginalised areas, underscoring the role of 
rural-urban interaction in fostering innovation (Packer 
& Zanasi, 2023) and the influence of socio-territorial 
factors partly beyond BDs’ control. This needs to com-

11 https://biodistrettoamerina.com/pan-pesticidi/.

https://biodistrettoamerina.com/pan-pesticidi/
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plement BD initiatives with policies aimed at reducing 
territorial disparities. Consistent with the 2025 Europe-
an Commission’s “A Vision for Agriculture and Food”12, 
the positive impact of the Common Agricultural Policy 
must be complemented with cohesion policies support-
ing economic diversification, infrastructure and services 
provision.

The study’s limitations provide avenues for future 
research. The main constraint concerns the absence of 
explicit consideration of spatial interactions, which could 
generate spillovers and spatial dependence, thereby lim-
iting agglomeration dynamics’ analysis. This limit stems 
from the nature and size of the data, which preclude 
robust spatial regression analysis. Approximately 20% of 
observations are not georeferenced, leading to an infor-
mation loss in the GMM model, and only a small share 
of farms in the FADN dataset are located in municipali-
ties within BDs, weakening the identification of mean-
ingful spatial linkages. Moreover, the unbalanced panel, 
covering nearly 100,000 farms, pose significant computa-
tional challenges for a spatial regression. Future research 
will develop datasets suitable to measure potential BDs’ 
spatial spillovers. The analysis does not differentiate 
between organic and conventional farms, preventing the 
assessment of heterogeneity in BD effects. While this 
does not undermine the research question, since BD-
related benefits appear to extend to conventional farms, 
likely through district “atmosphere” effects, “physical” 
endowments (such as local specialisation, supply chain 
infrastructures, knowledge spillovers emerging within 
districts, and access to the shared networks), establish-
ing a stronger relationship between labour productivity 
enhancement and spillovers between organic and con-
ventional farms remains necessary. Finally, the dataset 
prevents identifying BD membership among organic 
farms. As members’ farms benefit from dedicated market 
arrangements, technical assistance, marketing initiatives 
and cooperation projects, distinguishing membership 
status would allow a more robust assessment of differen-
tial impacts between ‘inside’ and ‘outside’ BDs.
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Abstract. This study investigates the association between family-environment and chil-
dren’s adoption of four obesity-related behaviours: regular physical activity, adequate 
fruit and vegetable (FV) consumption, having an adequate breakfast and daily snack 
consumption. We perform a cross-sectional analysis using a nationally representative 
sample of Italian households with children (45,333 children from 30,228 households) 
collected by ISTAT over the period 2013-2023. Two sets of logit models are estimat-
ed to investigate the relationship between children’s adoption of the four behaviours 
under analysis and household characteristics (household models), as well as paternal 
and maternal habits (parental models). Our results show a statistically significant cor-
relation exists between the adoption of obesity-related behaviours in adults and chil-
dren within the same household. Moreover, this relationship is found to be stronger 
for relatively unhealthy behaviours (e.g., snacking) than for healthy ones (e.g., FV con-
sumption) and when maternal behaviour is accounted for.  

Keywords:	 children, obesity-related behaviours, family environment, parental model.

INTRODUCTION

Although Italy has the lowest percentage of adults with obesity in Europe 
(Eurostat, 2022), childhood overweight and obesity rates are among the high-
est among the European Union (EU) Member States. In detail, 39% of boys 
and 29% of girls in Italy are overweight, compared to the European average 
of 36% and 23%, respectively (WHO, 2025). Childhood obesity leads to a 
higher risk of poor health during adolescence and adulthood (Rolland-Cach-
era et al., 2006; Stettler et al., 2002) and lifelong health problems, such as 
cardiovascular diseases, diabetes, and hypertension (MacMahon et al., 2009; 
Park et al., 2012; Pulgarón, 2013; Rankin et al., 2016).  Further, childhood 
obesity can increase the likelihood of experiencing behavioural and emo-
tional difficulties, sometimes leading to stigmatization, poor socialization, 
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and reduced educational attainment (Cunningham et al., 
2014; Pulgarón, 2013; WHO, 2017). Therefore, under-
standing the key determinants of childhood overweight 
and obesity is crucial for the development of effective 
measures to contain one of today’s most urgent public 
health challenges (Lobstein et al., 2004).

Maintaining a correct balance between energy 
intake and energy expenditure is at the basis of body 
weight regulation (Lustig, 2001). Indeed, scientific lit-
erature suggests that children engaging in less physical 
activity (PA) (Andersen et al., 1998, Hernández et al., 
1999) are more likely to be overweight and obese (Jans-
sen, 2007). On the other hand, children with a high 
energy intake and poor diet quality – e.g., low fruit 
and vegetable consumption (Arcan et al., 2007; Pear-
son et al., 2009), breakfast skipping (Hallström et al., 
2013) and high snack consumption (Jahns et al., 2001) 
– are at greater risk of becoming obese and overweight. 
Therefore, identifying the drivers of such obesity-related 
behaviours is crucial for designing public health meas-
ures aimed at mitigating their adoption.

An informative approach to understanding the 
mechanisms behind obesity-related habits during child-
hood is the analysis of children’s environments. Accord-
ing to the ANalysis Grid for Environments Linked to Obe-
sity (ANGELO) framework developed by Swinburn et 
al. (1999) and  Ferreira et al. (2006) such environments 
can be primarily categorized in two classes: micro-envi-
ronments (e.g., family/household, school, workplace, 
neighbourhood, etc.) and macro-environments (e.g., 
city/municipality/region, infrastructures, healthcare sys-
tem, etc.). Each environment can be further classified 
in four types: physical, socio-cultural, economic, and 
political. Some previous research has explored how the 
broader school environment can shape children’s eat-
ing habits and dietary behaviours (Castellari & Berning, 
2016; Castellari et al., 2018; Sogari et al., 2024; Vitali et 
al., 2023). The present paper specifically focuses on the 
family micro-environment, since its influence on child-
hood behaviour adoption is widely recognized in previ-
ous scientific studies (Cerroni et al., 2019; Pickard et al., 
2024; Wang et al., 2011; Maestri & Macchioni, 2021). 
Moreover, several studies show that, within the above-
mentioned environments, socio-economic status (SES) 
and the modelling role played by parents are the most 
frequent aspects investigated within familial settings 
(Beydoun and Wang, 2009; Ferreira et al., 2006). How-
ever, to the best of our knowledge, the individual and 
combined relevance of the two parents’ habits with these 
behaviours have not been deeply investigated (Ferreira et 
al., 2006; Goldman et al., 2012; Wang et al., 2011). The 
observation of only one parent at a time can hide some 

behavioural interactions and be a potential source of 
miscomprehension of such familial dynamics (Hart et 
al., 2010; Kueppers et al., 2018; Ng et al., 2025).  

This study extends the existing literature on child-
hood overweight/obesity and health-related behaviours 
in several important ways. While previous research has 
consistently documented the association between family 
environments and children’s health outcomes (Pickard 
et al., 2024; Wang et al., 2011), much of the evidence has 
focused on obesity prevalence or body mass index (BMI) 
as outcome measures, rather than on the specific behav-
ioural pathways through which obesity risk is trans-
mitted across generations. This study provides a more 
nuanced understanding of the mechanisms linking fam-
ily environments to children’s obesity risk by examining 
four key obesity-related behaviours, namely: regular prac-
tice of physical activity (PA-practice), adequate fruit and 
vegetables consumption (FV-consumption) (Arcan et al., 
2007; Pearson et al., 2009), having breakfast (Breakfast-
consumption), and daily consumption of savoury snacks 
(Snacks-consumption) (Jahns et al., 2001). Furthermore, 
much of the existing literature relies on relatively small 
samples, regional populations, or data from single coun-
tries and time periods, limiting the generalisability of 
findings. Using a large, nationally representative sample 
of Italian households collected over the period 2013–
2023, this paper offers robust and up-to-date evidence 
on children’s health behaviours in Italy. The large sam-
ple size (45,333 children belonging to 30,228 households) 
also enables a more detailed investigation of behav-
ioural patterns within households. To the best of our 
knowledge, results of the Italian Multipurpose Survey on 
Households Daily Life Aspects (MHDLA) (ISTAT, 2018, 
2021) have not been employed before to investigate the 
mechanisms behind the adoption of obesity-related hab-
its among children. While prior studies have frequently 
focused on parental influences as a whole or have pri-
marily examined maternal effects (Hart et al., 2010; Kue-
ppers et al., 2018; Ng et al., 2025), this paper contributes 
to the growing literature on intergenerational transmis-
sion of health behaviours by separately analysing mater-
nal and paternal habits, providing further insight into 
the gendered dimensions of health behaviour transmis-
sion within families. Finally, the study contributes novel 
evidence by demonstrating that parent-child associations 
are stronger for unhealthy behaviours, such as snack con-
sumption, than for healthy behaviours, such as fruit and 
vegetable intake. This finding suggests that the transmis-
sion of health behaviours within families may be asym-
metric, a dimension that has received limited attention 
in previous research. By highlighting differences in the 
intergenerational transmission of healthy and unhealthy 
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behaviours, the study offers important implications for 
the design of family-based interventions aimed at pre-
venting childhood obesity.

The rest of the paper is organized as follows: sec-
tion 2 illustrates materials and methods, section 3 and 
4 describe the key results of the analysis, section 5 con-
cludes.

2.MATERIALS AND METHODS

2.1. Sample selection

The study is performed using secondary data from 
the MHDLA conducted by ISTAT (2018, 2021). The sur-
vey annually covers a large sample of Italian households 
(about 50,000 individuals from 20,000 households every 
year) and collects individual self-reported information 
on several aspects of daily life and behaviours, includ-
ing food consumption patterns and other health-related 
behaviours. We combine eleven years (2013-2023) of 
MHDLA data in a unique repeated cross-sectional data-
set. Only households with children and both parents are 
considered, resulting in a final dataset of 45,333 children 
and 30,228 households, with children being identified as 
individuals younger than 18.

2.2. Variables and measures

As diet and physical activity are recognized as key 
factors in affecting the risk of developing overweight and 
obesity since early childhood (Lustig, 2001), we develop 
four key indicators of obesity-related behaviours in chil-
dren using secondary data collected from the MHDLA 
survey (ISTAT, 2018, 2021). In doing so, we contrast two 
sets of behaviours based on their potential effect on child-
hood obesity risk. The first one includes relatively healthy 
behaviours that may reduce obesity risk, namely PA-prac-
tice, Breakfast-consumption and FV-consumption, while 
the second one captures a potentially obesogenic behav-
iour, that is, Snacks-consumption (Lustig, 2001)1. 

Based on the MHDLA survey, each of these behav-
iours is captured by a binary variable. PA-practice takes 
the value of 1 for respondents who report regularly 

1 These four habits have been selected considering their widely rec-
ognised relevance in scientific literature in affecting the likelihood of 
incurring overweight and obesity, especially among children (Jahns et 
al., 2001, Arcan et al., 2007; Pearson et al., 2009, Hallström et al., 2013). 
Indeed, observing the consumption of other food items, as eggs, meat, 
and dairy products, would have turned the interpretation of the results 
less univocal against the scope of this study. Other obesity-related 
behaviours as smoking and alcohol consumption, are not suitable for a 
children-centred study. 

practising one or more sports throughout the year, and 
0 otherwise. FV-consumption is constructed using infor-
mation on the daily number of portions of fruit and veg-
etables consumed and takes the value of 1 for respond-
ents consuming at least five portions per day, in line 
with nutritional guidelines (CREA, 2019), and 0 oth-
erwise. Breakfast-consumption takes the value of 1 for 
respondents who report consuming a complete break-
fast, while it equals 0 for those who skip breakfast or 
only drink coffee or tea without eating any food. Finally, 
Snacks-consumption takes the value of 1 for respondents 
who consume savoury snacks, such as potato chips or 
popcorn, at least once a day, and 0 for those consuming 
them less frequently. A detailed description of variable 
definitions and the original MHDLA questions used to 
construct them are reported in Supplementary Materials, 
in Section A and Table S1, respectively.

2.3. Statistical analysis

To explore the relationship between the adoption 
of obesity-related behaviours by adults and children 
within the same household, we estimate two sets of logit 
models, namely household models and parental mod-
els (Cramer, 2003). The first set of models – household 
models – investigates the association between the adop-
tion of obesity-related behaviours by children and over-
all household characteristics. The second set of models 
– parental models – evaluates separately the relationship 
between the adoption of obesity-related behaviours by 
children and by their mothers and fathers, respectively.

More specifically, the household models study the 
association between presence of the identified children’s 
behaviours and the characteristics of the household 
from a socio-economic, health (i.e., presence of adults 
with overweight/obesity) and behavioural perspec-
tive. Considering the scientific literature on the role of 
the family socio-economic status (SES) in influencing 
children’s dietary behaviours (Fernández-Alvira et al., 
2015; Hallström et al., 2012), the following variables 
are employed as socio-economic proxies: level of educa-
tion (Education) and employment (Employment) of the 
head of the household; number of children living in the 
household (Children number); and geographical area of 
residence (Geographical). To capture the health status 
of the household’s components, we include the pres-
ence of adults with overweight/obesity within the family 
nucleus as a regressor (Lauria et al., 2015) (Overweight/
obese).  Moreover, a specific variable indicating the adop-
tion of the investigated obesity-related behaviour at the 
household level is also accounted for (Adults’ behaviour). 
Lastly, in line with previous literature (e.g., O’Loughlin 
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et al., (1999), Story et al. (2002), and Videon & Manning 
(2003)), children’s characteristics such as age (Age) and 
gender (Gender) are included as regressors, together with 
dummy variables accounting for the survey year (Year).

The parental models also account for the parental 
relationship in explaining childhood obesity/overweight. 
In these models, for each of the two parents – father and 
mother – we control for the level of education (Father 
education; Mother education), employment (Father 
employment; Mother employment), and weight status 
(Father with overweight/obesity; Mother with overweight/
obesity), as well as the adoption of the four targeted 
behaviours (Father behaviour; Mother behaviour). The 
rest of the control variables are unchanged with respect 
to the household models. The summary statistics of the 
key variables used in this analysis are reported in the 
Supplementary Materials, section B (Table S2-S4).

Given the dichotomous nature of the depend-
ent variables of these models, we estimate the relation-
ship between children’s adoption of each of the four 
obesity-related behaviours of interest and household 
level (household models) and parental (parental models) 
engagement in these behaviours through a multivariate 
logistic regression approach (Cramer, 2003). The prob-
ability of each child i adopting a certain obesity-related 

behaviour j (yi≠0) given all the explanatory variables 
included in the Household and in the Parental models, 
Xi’s, can be expressed as follows:

P(yi≠0|Xi) = � (1)

where  are the estimated coefficients of interest (Pin-
dyck and Rubinfeld, 1998).

3. HOUSEHOLD AND PARENTAL 
MODELS’ ESTIMATION RESULTS 

Tables 1 and 2 report the estimated marginal effects 
from the logistic regression of the household and paren-
tal models. The estimated coefficients from the corre-
sponding logistic regressions are reported in the Sup-
plementary Materials, Section C (Table S5 and Table 
S6). Sections 3.1, 3.2 and 3.3 illustrate the key findings of 
the current analysis focusing on the association between 
obesity-related behaviours and children’s and household 
characteristics (sections 3.1 and 3.2, respectively), as well 
as adults’ behaviours (section 3.3) referring to the results 
of both the household (Table 1) and the parental model 
(Table 2).

Table 1. Household models: Discrete marginal effect of the explanatory variables expressed as absolute percentage change (n = 45,333).

Variables (Reference class in brackets) Classes
Investigated children’s behaviours

Breakfast-
consumption PA-practice Snacks-

consumption FV-consumption

Age (3-5 y)
6-10 y -0.55 36.62*** 3.63*** 0.69***
11-13 y -8.39*** 39.09*** 6.40*** 0.95***
14-17 y -13.90*** 30.41*** 5.50*** 1.99***

Gender (Male) Female -3.09*** -7.70*** -0.89*** 0.38**

Overweight/obese (No one)
At least one -0.16 -0.89* 1.37*** -0.34**
All -1.17** -2.43*** 1.43*** -0.33*

Education (Elementary school license 
or lower)

Secondary school license -2.01** 11.47*** -1.33* -0.63
High school diploma -1.04 19.52*** -4.33*** -0.50
University degree or higher 1.17 27.11*** -8.39*** 0.27

Employment (Unemployed) Employed 0.80* 6.23*** -1.19*** 0.23

Geographical (Northern Italy)
Central Italy -0.61 0.49 -1.28*** -0.23
Southern Italy and Isles -1.86*** -11.93*** 3.22*** -1.58***

Children number (1)
2 0.28 -0.65 0.36 -0.13
3 or more 0.09 -7.68*** 1.11*** 0.36

Adults’ behaviour (No one)
At least one 9.08*** 14.96*** 16.59*** 4.98***
All 17.41*** 25.37*** 28.72*** 8.67***

Goodness of fit statistics
Pseudo R2 0.073 0.153 0.084 0.143
Likelihood χ2 ratio test p-value 0.000 0.000 0.000 0.000

*** p < 0.01; ** p < 0.05; * p < 0.1.
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3.1. Associations between obesity-related behaviours and 
children’s characteristics

Age

Our results show that the likelihood of incurring 
obesity-related behaviours generally increases with chil-
dren’s age. Children aged 11-13 years have lower prob-
ability of Breakfast-consumption and are more likely to 
have daily Snacks-consumption compared to children 
aged 6-10 years. Our findings also suggest that children 
increase PA-practice starting from the age of 5, while 
this habit reduces from the age of 14 (Table 1 and Table 
2). In contrast, FV-consumption is positively associated 
with age. Furthermore, children aged 14-17-year-olds 
are 13.9% less likely to have adequate Breakfast-con-
sumption than 3-5-year-old children. However, compar-
ing the same age classes, the likelihood of Snack-con-
sumption or FV-consumption increases by 5.5%, and by 
1.99%, respectively.

Gender

Our results also show the existence of gender differ-
ences regarding the presence of obesity-related behav-
iours among children. Females are less likely to have 
an adequate Breakfast-consumption and regular PA-
practice. On the other hand, females show higher FV-
consumption and lower occurrence of daily Snacks-con-
sumption (Table 1 and Table 2).

3.2. Associations between obesity-related behaviours and 
household characteristics

Geographical area of residence

Children from southern Italy and Italian isles are 
more at risk of adopting obesity-related behaviours than 
those living in Northern Italy. This tendency is particu-
larly pronounced for low PA-practice and high Snacks-
consumption, while it is less evident for low FV-con-
sumption (Tables 1 and 2).

Table 2 Parental models: Discrete marginal effect of the explanatory variables expressed as absolute percentage change (n=45,333).å

Variables (Reference class in brackets) Classes
Investigated children’s behaviours

Breakfast-
consumption PA-practice Snacks-

consumption FV-consumption

Age (3-5 y)
6-10 y -0.47 36.55*** 3.58*** 0.71***
11-13 y -8.26*** 39.25*** 6.26*** 0.99***
14-17 y -13.75*** 30.85*** 5.24*** 2.04***

Gender (Male) Female -3.12*** -7.80*** -0.88*** 0.37**
Father with overweight/obesity (No) Yes 0.34 -0.15 0.80** -0.15
Mother with overweight/obesity (No) Yes -1.63*** -1.56*** 0.38 -0.20

Father education (Elementary school 
license or lower)

Secondary school license -0.67 6.91*** -0.99 -0.77
High school diploma 0.41 10.85*** -2.56*** -0.71
University degree or higher 1.85 14.01*** -4.89*** -0.52

Mother education (Elementary school 
license or lower)

Secondary school license -2.99*** 4.52 -0.31 0.46
High school diploma -3.25** 11.88*** -2.64*** 0.40
University degree or higher -1.67 16.82*** -5.59*** 1.27**

Father employment (Unemployed) Employed 1.13** 5.37*** -0.65 0.40
Mother employment (Unemployed) Employed -1.19*** 6.27*** -0.86*** 0.04

Geographical (Northern Italy)
Central Italy -0.66 0.74 -1.37*** -0.25
Southern Italy and Isles -2.19*** -10.13*** 2.85*** -1.57***

Children number (1)
2 0.19 -0.98* 0.52 -0.15
3 or more -0.13 -7.03*** 0.97** 0.34

Father behaviour (Not present) Present 6.68*** 10.81*** 13.20*** 3.88***
Mother behaviour (Not present) Present 10.80*** 14.85*** 17.61*** 4.96***
Goodness of fit statistics
Pseudo R2 0.075 0.164 0.088 0.144
Likelihood χ2 ratio test pvalue 0.000 0.000 0.000 0.000

*** p < 0.01; ** p < 0.05; * p < 0.1.



48

Bio-based and Applied Economics 15(3): 43-54, 2026 | e-ISSN 2280-6172 | DOI: 10.36253/bae-18178 

Riccardo Borgia et al.

Number of children in the household

The number of children in the household is not 
related to the probability of Breakfast- and FV-consump-
tion, though its relationship with Snacks-consumption is 
slightly positive. Conversely, the probability of PA-prac-
tice seems to be negatively associated with the number of 
children in the household, although this relationship is 
only statistically significant for households with three or 
more children (Table 1 and 2).

3.3. Associations between obesity-related behaviours and 
adults/parents’ characteristics 

Weight status

Overall, our results show that children living in 
households with adults who are affected by overweight/
obesity are more likely to engage in obesity-related 
behaviours (Table 1). Focusing on the results from the 
parental models’, we find that children with a mother 
with overweight/obesity are less likely to regularly engage 
in PA-practice or adequate Breakfast-consumption but 
are slightly more prone to Snacks-consumption in the 
case of a father experiencing overweight/obesity (Table 2).

Educational level

We find that the educational level of the head of 
household is negatively associated with the adoption of 
Snacks-consumption among children, while the oppo-
site is true for the probability of children practicing PA 
regularly (Table 1). Results from the parental models are 
similar:  higher parental education is associated with a 
higher probability of children engaging in regular PA-
practice and a lower probability of Snacks-consumption, 
although this effect is not always statistically significant 
(Table 5). Only mother’s educational attainment is posi-
tively related with children’s likelihood of FV-consump-
tion, while negatively related with children’s Breakfast-
consumption.

Employment

Children are less likely to engage in obesity-related 
behaviours when the household head is employed, except 
for FV-consumption, for which no significant association 
is found (Table 1). The correlation between employment 
and children’s Breakfast-consumption is weak, while it 
is more marked for regular PA-practice and Snacks-con-
sumption.

Results also show that the relationship between 
parental employment and children’s behaviour differs 
by parent’s gender (Table 2). The presence of a work-
ing father in the household is positively associated with 
the probability of children’s Breakfast-consumption, 
while maternal employment shows the opposite associa-
tion. We also find strong association between parental 
employment and children PA-practice, with a stronger 
link observed for mothers’ employment status. Lastly, 
only maternal employment appears to be negatively asso-
ciated with Snacks-consumption, while FV-consumption 
is not significantly associated with parental employment.

Adult behaviours

As shown in Table 1, a positive correlation exists 
between children’s and adults’ adoption of the four 
investigated behaviours, with this relationship being the 
strongest when both parents engage in the same obesi-
ty-related behaviour. For instance, children living in a 
household where only one parent engages in daily snack-
ing are 16.59% more likely to engage in the same behav-
iour than peers living in a family where neither adult 
exhibits this behaviour. This probability increases up to 
28.72% when we look at families in which both parents 
engage in daily Snacks-consumption. We also find that 
the correlation between children’s and adults’ behaviours 
is the strongest for Snacks-consumption (i.e., larger mar-
ginal effect), followed by PA-practice and Breakfast-con-
sumption, and the weakest for FV-consumption (Table 
1). This pattern is also confirmed by the results of the 
parental models where fathers’ and mothers’ behaviours 
are considered separately (Table 2).

Table 3 reports the results of the test used to inves-
tigate whether the estimated marginal effects associat-
ed with the four investigated behaviours differ signifi-
cantly between the two parents in the parental models. 
Results show that differences between the estimated 
mothers’ and fathers’ marginal effects are positive and 
statistically significant for the four targeted behav-
iours, meaning that a higher correlation exists between 
mothers and children in their behaviour than with 
fathers. For instance, children are 4.12% more likely 
to consume breakfast regularly when their mothers do 
so, than when their fathers’ behaviour is considered. 
A similar result is found for PA practice (4.04%) and 
snack consumption (4.41%). On the other hand, this 
difference is milder when focusing on FV consumption 
(1.1%).  This may imply that mothers have a stronger 
influence than fathers on children’s adoption of the 
investigated behaviours.
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4. DISCUSSION

The present study confirms that the prevalence of 
obesity-related habits among Italian children is rather 
alarming. According to our sample, only a small por-
tion of children consume the recommended portions of 
FV daily (2.92%), and barely half of the sample regu-
larly practice PA (53.11%). Furthermore, not having an 
adequate breakfast and consuming snacks every day are 
relatively common habits (17.77% and 12.35%, respec-
tively) (Table S4). This picture is largely in line with the 
findings of the main reports on the nutritional status of 
Italian children (Cavallo et al., 2016; Lauria et al., 2019; 
Nardone et al., 2018, 2022; Prandini, 2021).

More specifically, our results indicate that the age 
of children is associated with a higher adoption of obe-
sity-related behaviours, except for FV-consumption. 
This result is consistent with the 4th Italian report from 
the Health Behaviour in School-aged Children (HBSC) 
study (Cavallo et al., 2016), which showed that the per-
centage of Italian children skipping breakfast in school 
days increased from 18.8 at the age of 11 to 30.1 at the 
age of 15, while the percentage of breakfast eaters fell 
from 63.6 to 53.6, respectively. Moreover, the findings 
from the 2017/2018 HBSC survey (Inchley et al., 2020) 
also showed an increase in daily consumption of sweets 
and chocolate among Italian children, ranging from 27% 
at the age of 11 to 31% at the age of 13. Lastly, both the 
above-mentioned reports observed an age-related fall in 
PA-practice, with a decline starting from the age of 13 
years2. The increasing adoption of obesity-related behav-
iours with age may be related to the different education-
al stages of Italian children. At the beginning of junior 
high school (in Italy at age 11), children usually seek 
more autonomy and independence (Neumark-Sztainer et 

2 Differently from MHDLA, the HBSC sample (around 65.000 chil-
dren) includes only 11-, 13- and 15-year-old students attending public 
schools. 

al., 1999; Story et al., 2002; Videon and Manning, 2003). 
This desire may have implications on their food choices, 
resulting, for instance, in higher snack consumption that 
may have been previously limited by stronger parental 
surveillance. The beginning of senior high school (at 
the age of 14), instead, usually implies more time con-
straints in children’s lifestyle. Less time available in the 
morning might result in a higher risk of not having an 
adequate breakfast, while less time available in the after-
noon implies limited opportunities for PA-practice. In 
addition, O’Loughlin et al. (1999), Edwards et al. 2015), 
Farooq et al. (2018) and Marquet et al. (2018) hypoth-
esized that the availability, accessibility, and appeal of 
free playground activities decline with age. On the other 
hand, our findings show that FV-consumption is posi-
tively related with children’s age. This result is consist-
ent with the HBSC study reporting a similar age-related 
increase in FV consumption among Italian children. 
Moreover, in line with the HBSC study, we find that 
the likelihood of Breakfast-consumption decreases to a 
higher extent with age than FV-consumption. One expla-
nation for these findings could be that unhealthy habits 
are easier to adopt than healthy ones (Dolgopolova et al., 
2022; Kachwaha et al., 2024; Swinburn et al., 2011).

In line with the findings from the Italian national 
surveillance system (Lauria et al., 2015), our results show 
that females are less likely to have an adequate break-
fast-consumption and engage in regular PA-practice3. 
These results are in line with previous studies showing 
that a gender gap exists regarding physical activity, with 
females tending to be less physically active than males 
both in childhood and adulthood. Moreover, our results 
confirm the existence of a North-South gap in terms of 
obesity-related behaviours: children from the South of 
Italy and Italian Isles are more at risk of irregular PA-
practice, inadequate FV-consumption and daily Snacks-
consumption compared to peers from the North or the 
Centre of Italy (Lauria et al., 2015).

As in Fogelholm et al. (1999), the results of the 
parental models also show that the presence of over-
weight mothers is highly correlated with the uptake of 
obesity-related behaviours among children, in line with 
our observations on regular PA practice. In accordance 
with our findings, Lauria et al. (2015) reported that Ital-
ian children aged 8-9 years old with a mother with over-
weight/obesity were more inclined to skip breakfast and 
to practice less PA, while the mother’s weight status is 
not correlated with children’s FV-consumption (Lauria 
et al., 2015).

3  Lauria et al. (2015) refers to a sample (n=46.300) of 8-9-years-old 
children.

Table 3. Differences between the estimated parental marginal 
effects for the four investigated behaviours a

 Coefficient Standard 
Error P-value

Breakfast-consumption 4.12*** 0.59 0.000
PA-practice 4.04*** 0.88 0.000
Snacks-consumption 4.41*** 0.89 0.000
FV-consumption 1.08*** 0.32 0.001
a Difference between the estimated mothers’ and fathers’ marginal 
effects. ***, **, * indicates statistically significance at 1%, 5% and 
10% confidence level respectively.
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Our results also suggest that the level of education of 
the household head is positively associated with regular 
PA-practice and lower Snacks-consumption. Moreover, 
measuring the correlation of each parents’ characteris-
tics on children’s behaviour (i.e., parental models) allows 
us to also appreciate that children’s FV-consumption is 
significantly associated only with maternal education – 
as also observed by Nardone et al. (2018), Lauria et al. 
(2015) and Hanson and Chen (2007).

This analysis also finds significant correlation 
between adults’ employment status and children’s adop-
tion of obesity-related habits. Specifically, the employ-
ment status of the household heads is associated with 
lower presence of children’s obesity-related habits. Some 
key differences emerge when differentiating between 
parents’ employment status. For instance, the likelihood 
of children’s adequate Breakfast-consumption is posi-
tively associated with paternal employment. This might 
reflect the effect of higher familial SES and, hence, great-
er affordability of healthier dietary choices (Fernández-
Alvira et al., 2015). On the other hand, the negative asso-
ciation between Breakfast-consumption and maternal 
employment may be explained by working mothers hav-
ing less time to take care of children’s breakfast in the 
morning, a role that tends to be gendered (Lauria et al., 
2015). For the other investigated behaviours, the role of 
parental employment moves in the same direction with 
different intensity. For example, we find stronger associa-
tion between children PA-practice and maternal rather 
than paternal employment. This result may suggest 
that maternal employment triggers a greater leap in the 
familial SES, resulting in a more evident adoption of this 
behaviour by children (O’Loughlin et al., 1999).

In line with O’Loughlin et al. (1999) and Goldman 
et al. (2012), our analysis confirms adults’ household 
habits are significantly associated with children’s adop-
tion of obesity-related behaviours, with mothers and 
fathers exhibiting different degrees of modelling influ-
ence. In detail, children’s daily Snacks-consumption is 
the habit most related to parents’ behaviour, while the 
weakest relationship is found with the adequacy of FV-
consumption. Moreover, in line with Vereecken et al. 
(2004) that found children with a daily-snacking mother 
were more at risk of adopting the same habit, our results 
show a higher likelihood of children’s Snacks-consump-
tion when this habit is also exhibited by mothers. We 
also find a stronger correlation between children’s habits 
and those of mothers compared with fathers with respect 
to positive behaviours namely, PA-practice, Breakfast- 
and FV-consumption. Similar results were also reported 
in Fogelholm et al. (1999) and other studies showing 
that children’s overweight and obesity issues  are more 

strongly associated with maternal than paternal weight 
(Whitaker et al., 2010). In agreement with Goldman 
et al. (2012) and Vereecken et al. (2004), we also find a 
positive association between parental and children FV-
consumption, with the mother-child association being 
stronger than the father’s one. Furthermore, the parental 
daily consumption of FV is the habit with the weakest 
marginal effect on children’s behaviours. However, it is 
also important to point out that FV-consumption is the 
least adopted behaviour in our sample (2.92% of chil-
dren, 3.51% of fathers and 5.44% of mothers).  Therefore, 
the low emulation of this behaviour by children may 
reflect a more general difficulty of adopting it. Other 
unhealthy behaviours, such as daily Snacks-consump-
tion, instead, tend to be more easily imitated, evidenced 
by the stronger correlation found in the analysis. A pos-
sible interpretation might be that the influence that par-
ents play as models is stronger on unhealthy behaviours 
than on healthy ones. Vereecken et al. (2004) reported a 
similar finding in their study: the likelihood of children 
imitating maternal behaviour was higher for the con-
sumption of soft drinks than for the FV-consumption. 
A similar dynamic was also reported by Fogelholm et 
al. (1999) who found that the probability of children’s 
practicing of PA is more influenced by parental inactivity 
rather than activity.

5. CONCLUSIONS, LIMITATIONS, AND 
FURTHER DEVELOPMENTS

This study explores the interconnection between 
children’s and adults’ adoption of obesity-related behav-
iours. In line with previous literature (Cavallo et al., 
2016; Steinbeck, 2001), the modelling role of mothers 
being stronger than fathers suggests the importance of 
engaging mothers in health promotion interventions. 
Furthermore, we find a strong correlation between 
parental behaviours and children’s Snacks-consumption, 
suggesting strong interconnections among family mem-
bers in the adoption of unhealthy behaviours and high-
lighting the importance of extending interventions to 
other contexts, such as schools. 

Based on the results of this analysis, indications 
can be drawn about children’s age groups who are more 
at risk of adopting specific obesity-related behaviours, 
therefore suggesting at which educational stage these 
habits should be addressed as a priority. In details, we 
find that Italian children in junior secondary school (age 
11-13 years) are more inclined to increase the consump-
tion of snacks, while in senior high school (age 14-17 
years) they tend to reduce the practice of PA. The con-
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sumption of an adequate breakfast, instead, appears to 
decrease over time from elementary to high school. 

Our study also identifies priority targets of interven-
tion regarding children’s gender, indicating that girls are 
at higher risk of inadequate breakfast consumption and 
low PA, while boys have a higher risk of Snack and low 
FV consumption. Furthermore, our results show a higher 
presence of obesity-related behaviours among children 
from larger families, with low-educated and/or unem-
ployed adults, thus reinforcing the recommendation of 
promoting healthy habits also in extra-familial environ-
ments, which are less influenced by the household SES. 
Indeed, the results of this analysis confirm the impor-
tance of strengthening impactful initiatives such as “Okkio 
alla Salute”, which promotes physical activity and healthy 
diets within the school setting (Nardone et al., 2018), as 
well as the EU School Schemes, which allocates resources 
from the Common Agricultural Policy to support the dis-
tribution of milk, fruit and vegetables to children from 
nurseries to secondary schools (European Commission, 
2020). In accordance with previous studies (Cavallo et al., 
2016; Lauria et al., 2019; Nardone et al., 2018), this study 
also highlights the importance of prioritizing the South 
of Italy and Italian Isles in the implementation of health 
promotion policies among children. In these territories, as 
well as in the rest of Italy, it would be crucial to leverage 
health promotion initiatives implemented at local level, 
including those financed by targeted community fund-
ing opportunities such as the LEADER approach (Liaison 
Entre Actions de Développement de l’Economie Rurale), 
supporting the development of school canteens fed by 
shorter food supply chains and promoting vegetable gar-
dens at schools (European Commission, 2006).

An important strength of this research is the 
employment of a large secondary dataset, including 
45,333 children belonging to 30,228 households and 
eleven years of observations from the Italian MHDLA 
(ISTAT, 2018, 2021). To the best of our knowledge, this 
secondary data source has never been employed before 
to investigate children’s adoption of obesity-related 
behaviours. This study therefore contributes to the lit-
erature by shedding lights on the mechanism underlying 
the adoption of obesity-related habits among children, 
with a specific focus on the familial environment.

Nevertheless, this study has some limitations, most-
ly related to the nature of the dataset. First, the Italian 
MHDLA is based on self-reported measures and, there-
fore, respondents’ answers may be affected by their com-
prehension, memory and by social desirability (Hebert et 
al., 1995). Moreover, it is possible that parents complete 
the survey on behalf of their children. Then, for privacy 
reasons, information related to child’s weight status is 

omitted, limiting our ability to investigate the associa-
tion between family environment and childhood obesi-
ty and overweight. It should also be recognised that, 
although unlikely, there is no formal rule preventing the 
re-selection of the same household across years (ISTAT 
2018, 2021). Lastly, the use of a secondary dataset lim-
ited our ability to include some variables relevant to 
this study, such as those addressing the parental role in 
household/childcare tasks or family income. We there-
fore rely on the most suitable variables available in the 
MHDLA data, which are recognized in the literature as 
valid proxies for these variables, such as the employment 
status and level of education.

Many aspects of this analysis warrant further investi-
gation. Future studies could examine how habits within a 
household are formed and transferred to children, consid-
ering the interdependence of behaviours. A deeper under-
standing of household behavioural interactions could pro-
vide useful insights for the design of public policies target-
ing the family environment. As suggested by O’Loughlin 
et al. (1999), the potential gender-specific modelling role 
of parents regarding children’s obesity-related behaviours 
deserves further investigation. Moreover, widening the 
range of investigated habits might enable to generalize the 
hypothesized dynamics regarding the contrast between 
healthy and unhealthy behaviours. Future research could 
further explore the role of the primary caregiver respon-
sible for household and childcare tasks, as well as the co-
occurrence of the investigated behaviours, rather than 
investigating them individually as in the current analysis.
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Abstract. This article systematically reviews the causal literature on the impacts of 
women’s land rights on development in the Global South, asking how they affect dif-
ferent development outcomes, and what patterns emerge across types of rights, geog-
raphies, and methodological approaches. Following the PRISMA protocol, we screen 
over 800 records and retain 96 studies, covering 46 countries and 202 effects classified 
in 11 outcomes. Findings show consistently positive effects on empowerment, educa-
tion, and health, though the latter are less studied. Evidence on investment, financial 
inclusion, and welfare is more ambiguous, while natural resource management and 
intra-household dynamics remain too underexplored for meaningful conclusions. Most 
research focuses on formal ownership, overlooking the broader ‘bundle’ of rights; 
regions outside Africa and South Asia are critically underrepresented. By mapping 
causal patterns and gaps, this review establishes a systematic evidence map and guides 
future evaluations addressing thematic and geographic blind spots.

Keywords: land, land rights, women, development, systematic review, PRISMA.

1. INTRODUCTION

Gender-based discrimination in land access is a well-documented 
issue in the empirical literature. Women often have inferior rights to natu-
ral resources (Otsuka & Place, 2001), and when they do hold rights to land, 
these often apply to smaller or lower-quality plots than those allocated to 
men (FAO, 2011). This disparity arises not only from discrimination in the 
allocation of agricultural land but also from unequal access to complemen-
tary inputs such as fertilizer, pesticides, and extension services (Burke et al., 
2018; Burke & Jayne, 2021; Chu et al., 2023).

Even with formal landownership, effective access and use can be limited 
by weak institutions that fail to enforce rights. For poor rural women, pursu-
ing justice entails both financial and social costs, especially when family or 
clan dependence discourages challenging these power structures (Polavara-
pu, 2020).
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Women’s land claims often remain weak despite 
access to formal justice, due to poor enforcement of 
statutory rights, elite-driven land dispossession, and 
overlapping legal systems. Customary courts – the main 
dispute-resolution venues in developing countries – often 
reflect patriarchal norms that discriminate against wom-
en and reinforce gender inequalities (Behrman et al., 
2012; Dell’Angelo et al., 2017; Polavarapu, 2020). Legal 
discrimination at the intersection of land, marriage, and 
inheritance laws further limits women’s rights as their 
claims often depend on relationships with men, leaving 
them vulnerable when these ties change or dissolve.

Economic theory and empirical case studies sug-
gest that land access can reduce the gender asset gap, 
strengthening women’s economic security and social sta-
tus (Bhaumik et al., 2016) and contributing to broader 
household and community development (Agarwal, 1995; 
Doss, 2006: Duflo & Udry, 2004; Luke & Munshi, 2011; 
Quisumbing & Maluccio, 2003). More recently, land 
rights (LRs) have also been linked to improved climate 
adaptation and societal resilience (Laura et al., 2023). 
Yet, the relationship between land access, women’s agen-
cy, and development remains poorly understood. Empir-
ical findings are heterogeneous across geographies, out-
comes and research designs, and much of the discourse 
continues to rely on fragmented case studies rather than 
systematic evidence. Consequently, generalized claims 
– such as the portrayal of land access as a ‘panacea for 
household welfare problems’ (Bhaumik et al., 2016, p. 
249) – risk overstating the case in the absence of a com-
prehensive appraisal of the scientific literature.

In this context, a systematic review is both timely 
and necessary. As global development agendas increas-
ingly prioritize gender equality, LRs, and climate resil-
ience, there is an urgent need for a rigorous synthesis 
of causal evidence to inform policy and future research. 
To our knowledge, this is the first systematic review on 
the land-women-development nexus that applies a stand-
ardized protocol of analysis as the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) (Page et al., 2021), ensuring transparency and 
methodological consistency.

A natural point of reference to this work is the ear-
lier review of Meinzen-Dick et al. (2019), which mapped 
11 pathways linking women’s land rights (WLRs) to pov-
erty reduction, and narratively synthesized the qualita-
tive and quantitative evidence up to 2017. Building on 
that foundation – but restricting inclusion to studies 
adopting inferential methods – this review also inno-
vates by: (1) documenting geographic, temporal and 
methodological trends in the literature, (2) introducing a 
typology of LRs to assess how different forms of access 

are explored in the empirical literature, and (3) includ-
ing publications through late 2024, thereby broadening 
the temporal coverage of Meinzen-Dick et al. (2019).

Methodologically, our approach also aligns with 
Lawry et al. (2017) in (1) prioritizing causal identifica-
tion through quantitative studies that go beyond descrip-
tive analysis, (2) organizing outcomes in ten classes that 
partly overlap with ours (i.e., investment, productivity, 
access to credit, consumption, gender equality), and (3) 
emphasizing effect heterogeneity across countries and 
regions. Our review, however, differs in three respects. 
First, gender is the central organizing principle rather 
than a subgroup dimension: we restrict inclusion to 
studies identifying effects of WLRs and track outcomes 
directly tied to women’s agency in households and com-
munities (e.g., empowerment, health, education). Second, 
we introduce a typology of LRs, an angle not systemati-
cally pursued by Lawry et al. (2017). Finally, to provide a 
full picture of the evidence base, we also include careful-
ly controlled observational designs, while acknowledging 
the tradeoffs for internal validity (see Section 4.4).

Therefore, by cutting through the complexity and 
fragmentation of the existing evidence, this review pro-
vides a solid grounding for advancing scholarly under-
standing and policy debates around WLRs and their 
development implications.

2. THEORETICAL PERSPECTIVES 
ON SECURING WLRS

Along the traditional measurement of the gender 
asset gap, awareness of its implications for development 
has gradually emerged, with scholars and policymakers 
linking its reduction to poverty alleviation (de Janvry 
& Sadoulet, 2016; Meinzen-Dick et al., 2019). Rooted in 
institutional theory, this idea highlights the role of prop-
erty rights in economic development. When farmers 
enjoy secure property rights and ownership protection, 
they invest more in their land, enhancing agricultural 
productivity, natural resource management (NRM), 
access to credit, and, ultimately, long-term growth in 
output and income (de Janvry & Sadoulet, 2016). Rec-
ognized rights also allow land rental or sales to more 
efficient users, potentially generating gains from trade. 
Additionally, better rights make it easier to collateralize 
land, further enabling investment (de Soto, 2000; Besley, 
1995). Several influential studies provide empirical evi-
dence for these claims, particularly in Africa (Goldstein 
& Udry, 2008; Ali et al., 2011; Deininger et al., 2008).

Although early property rights theory established a 
connection between landownership and development, it 
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did not incorporate an explicit gender perspective. Yet, it 
already recognized that a ‘male monopoly over property’ 
(Folbre, 1996, p.10) undermines efficiency by limiting 
women’s full participation in economic activities.

During the mid-2000s, policymakers’ early enthu-
siasm for formal, individual land titles (de Soto, 2000) 
shifted toward recognizing informal and communal rights 
(Ostrom, 1990) as more effective tools for protecting vul-
nerable groups from ‘land grabs’ (De Schutter, 2015). At 
the same time, many economists moved away from the 
unitary model of the household (Becker, 1974), which 
treats the family as a single utility-maximizing entity, in 
favor of collective frameworks (Chiappori, 1992), particu-
larly intra-household bargaining models (Agarwal, 1997a), 
which acknowledge that intra-household inequality and 
different preferences – often gender-based – shape house-
hold spending and resource allocation.

Within a bargaining framework, Agarwal (1994) pre-
sents three arguments for why WLRs matter for develop-
ment: efficiency, empowerment and welfare. Efficiency 
refers to the productive use of land: in line with prop-
erty rights theory, women with secure land access tend 
to invest more in productive and sustainable agricultural 
practices (Goldstein & Udry, 2008) and freely decide 
what to grow, consume or sell, enhancing food secu-
rity (Duflo & Udry, 2004; FAO, 2011). Empowerment 
involves enhancing ‘women’s agency and voice’ (Sen, 
1999, p. 193). Land, as a source of wealth and social sta-
tus (de Janvry & Sadoulet, 2016), can enhance women’s 
bargaining power and lessen dependence on male rela-
tives. Economic independence, in turn, can mitigate 
the risk of gender-based violence (Polavarapu, 2020), 
decrease reliance on transactional sex, and improve 
women’s ability to negotiate safer sex, helping prevent 
STIs (Conrad & Doss, 2008). These benefits extend 
to household and community welfare: landownership 
increases women’s influence over nutrition, education 
and healthcare (Agarwal, 1995) and serves as collateral 
for such expenses (Menon et al., 2014; Agarwal, 2003). 
Critics of the unitary model (Ward-Batts, 2008; Lund-
berg et al., 1997; Armand et al., 2020; Alderman et al., 
1995) show that family expenditure patterns depend on 
who controls assets: women typically allocate resources 
more equitably and with long-term perspective (Udry, 
1996; Deininger et al., 2013; Burrone & Giannelli, 2023; 
Thomas, 1990; McElroy, 1990), benefiting children’s 
well-being and especially girls’ human capital.

Access to land is also expected to encourage women’s 
participation in collective action at local and broader 
societal levels, potentially enhancing institutional inclu-
sivity. Their involvement in managing village commons, 
in particular, can strengthen social equity and commu-

nity resilience, while gender-equitable management of 
common-pool resources can prevent resource conflict 
and the ‘tragedy of the commons’ (Meinzen-Dick et al., 
1997; Pandolfelli et al., 2008; Ratner et al., 2013).

Recent research explores how different LR typologies 
influence development. Moving beyond traditional ‘own-
ership,’ scholars increasingly refer to a ‘bundle of rights,’ 
a continuum of land-related actions held jointly or indi-
vidually (Schlager & Ostrom, 1992)1. Women rarely 
enjoy a complete ‘bundle,’ and different rights affect out-
comes differently.

Emerging approaches also highlight the distinction 
between individual and joint rights as a key measure of 
women’s land autonomy (Bhatla et al., 2010). Individual 
rights, particularly those backed by formal titles, are 
often more empowering (Agarwal, 2003), as they reduce 
dependence on others. However, since empowerment 
depends on what is culturally perceived as legitimate 
and appropriate (Jackson, 2003), individual ownership 
can disrupt power relations, triggering conflict and ‘male 
backlash’ as predicted by the relative resource theory of 
domestic violence (Atkinson et al., 2005).

3. RESEARCH AIM AND METHODS

Building on such theoretical arguments, a growing 
body of empirical research has tested the land-women-
development nexus, yet causal relationships remain 
inconclusive. Findings vary significantly across regions, 
types of rights, and methodological approaches. While 
development practitioners promote land tenure security, 
there is still limited understanding of its broader benefits 
and the contextual factors, such as gender norms and 
intra-household dynamics, that mediate its impact (Hig-
gins et al., 2018; Lawry et al., 2017).

We therefore propose a systematic review to take 
stock of such empirical evidence. Specifically, we asked: 
“How do WLRs affect development outcomes, and what 
patterns emerge across different types of rights, geo-
graphical contexts, and methodological approaches?” 
This research question guided our effort to synthesize 
findings, identify evidence gaps, and trace the evolution 
of research in this domain. We identified well-studied 
and underexplored outcomes from a gender perspective, 
and evaluated the direction, consistency, and geographi-
cal distribution of findings as well as the methods used 
to estimate causal effects. Additionally, we examined 

1 Schlager & Ostrom (1992) identify rights of access, withdrawal, man-
agement, exclusion and alienation. Empirical studies have adapted this 
framework to fit case studies, often mapping them into access, use and 
ownership/control (Meinzen-Dick et al., 2019).
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the extent to which empirical literature distinguishes 
between (1) individual and joint rights, and (2) different 
rights within Schlager & Ostrom (1992)’s ‘bundle’.

This review applied the PRISMA 2020 statement, 
renowned for setting standards for transparent and 
reproducible systematic reviews (Page et al., 2021).2 Our 
protocol incorporated strategies from seminal works 
(e.g., Pickering & Byrne, 2014) on systematic reviews 
in social sciences and was preregistered online3. While 
systematic reviews have been widely applied to land 
research, they rarely adopt a gender perspective, which 
we instead propose in this review.4 

3.1. Eligibility criteria

We included peer-reviewed articles or reputable 
working papers in English that provided causal evidence 
through observational (with at least multivariate regres-
sion), quasi-experimental, or experimental approaches.

Further criteria were inspired by the PICO frame-
work. Eligible studies focused on populations (P) from 
low- to upper-middle-income countries. In (quasi-)exper-
imental studies, interventions (I) encompassed laws, 
policies, and land-use changes affecting women’s ability 
to benefit from land. In observational studies, outcome 
comparisons based on the presence/absence of rights or 
varying levels of tenure security for women were used as 
interventions. Comparisons (C) required baseline groups 
where women lacked rights or had insecure tenure 
(using temporal, spatial, or between-group designs). Out-
comes (O) were not predefined, to capture the full range 
of potential impacts as they naturally emerged from the 
review (Page et al., 2021).

3.2. Search strategy

We searched Web of Science, Scopus, and Econ-
Lit, recognized for their coverage of peer-reviewed 
development research. We applied a stepwise refine-
ment approach to progressively narrow the search que-
ries (Figure S1.1). The final query focused on three core 
themes: land, rights, and women, with minor adjust-
ments to align with databases’ search syntax (Figure 1). 

2 The wide range of outcomes, heterogeneous indicators, and differences 
in WLRs coding made a formal meta-analysis unfeasible. A systematic 
review instead enables a structured synthesis that accommodates meth-
odological variation.
3 See the study protocol for further methodological details (https://doi.
org/10.17605/OSF.IO/45QKB).
4 See de Jong et al. (2021), Higgins et al. (2018), Lawry et al. (2017), and 
Murken & Gornott (2022).

In line with the strategy outlined in Section 3, it avoided 
mentioning specific outcomes (e.g., ‘education’).

Additionally, we manually screened the reference 
lists of retrieved studies to identify relevant publica-
tions not captured by the initial queries5. As a result, 
we included 14 additional publications (Table S2.1), 
which underwent the same eligibility screening and data 
extraction procedures as those retrieved from the origi-
nal search.

Since studies often report multiple effects across 
countries and outcomes, we treated effects as units 
of analysis rather than entire articles, following the 
approach adopted by Higgins et al. (2018). Effects were 
recorded in a spreadsheet with their corresponding 
attributes (e.g., country, statistical significance) (Picker-
ing & Byrne, 2014; Ogundari, 2022). Multiple estimates 
for the same effect – derived from different model speci-
fications, robustness checks or heterogeneity analyses – 
were consolidated based on reviewers’ judgment.

The PRISMA f lowchart (Figure 2) illustrates the 
workflow of screening, retrieving, and selecting articles, 
resulting in 96 studies and 202 effects after snowballing 
(Table S3.1).

Although no outcomes were specified in the search 
query, a working definition of “development outcomes” 
guided screening to ensure consistency. These are under-
stood as measurable, objective dimensions of socio-eco-
nomic progress at the individual, household, or commu-
nity level, including, but not limited to, agricultural pro-
ductivity, household income and expenditure, health and 

5 While database searches remain the core of systematic reviews, PRIS-
MA permits supplementary backward snowballing to enhance compre-
hensiveness, provided that its use is cautious, transparent, and repro-
ducible (Page et al., 2021).

Figure 1. Search query.

https://doi.org/10.17605/OSF.IO/45QKB
https://doi.org/10.17605/OSF.IO/45QKB
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nutrition, education, and women’s empowerment. Con-
sequently, outcomes not directly indicative of develop-
ment were deemed “ineligible”. For example, migration 
was excluded due to its ambiguity, as it may imply either 
an adaptation strategy or a decline in living standards6. 
Thus, the review focuses on outcomes clearly linked to 
development impacts attributable to WLRs.

3.3. Limitations

Given the complexity and context-specific nature 
of land-related impacts, especially gendered ones, we 
included only empirical studies that moved beyond 
descriptive correlations and addressed selection bias 
and confounding factors using inferential methods. This 
methodological filter ensures internal validity and sup-
ports evidence-based policy recommendations grounded 
in robust causal inference.

6 See, for example, Kudo (2015).

However, this choice entails limitations. Excluding 
purely observational or descriptive studies, which offer 
valuable qualitative insights or rich contextual detail, 
risks overlooking important dimensions of the WLR-
development nexus. It may bias findings toward data-
rich settings, underrepresenting marginalized groups, 
lesser-studied regions, and informal tenure systems. 
Moreover, causal studies often emphasize measurable 
outcomes, neglecting longer-term or intangible effects 
better captured by qualitative research. Therefore, while 
enhancing findings’ internal validity, our approach may 
limit breadth and external validity. A fuller understand-
ing of WLRs’ impacts would benefit from complemen-
tary syntheses incorporating mixed-method and ethno-
graphic studies to capture social norms, power dynam-
ics, and lived experiences influencing tenure security 
and development.

4. MAIN FINDINGS OF THE SYSTEMATIC 
LITERATURE REVIEW

The final sample of 96 publications reflects the rich-
ness and fragmentation of the empirical literature on 
WLRs and development. Geographically, the evidence 
is highly concentrated in Sub-Saharan Africa and South 
Asia, with scattered coverage in other regions. Themati-
cally, it spans 11 outcome areas attributable to devel-
opment processes, including women’s empowerment, 
household welfare, agricultural productivity, financial 
inclusion, and health. Methodologically, most stud-
ies rely on observational and, to a lesser extent, quasi-
experimental designs, often exploiting policy changes to 
identify causal effects7. 

Building on this evidence, this section presents the 
main findings of the systematic review, focusing on how 
WLRs inf luence various development outcomes. We 
first examine WLRs’ operationalization in the literature, 
emphasizing the elements of the ‘bundle’ and how these 
distinctions shape observed effects (Section 4.1). To facil-
itate comparison, outcomes were grouped into broader 
domains reflecting the primary focus of reported effects, 
with empirical insights synthesized for each (Section 
4.2). The analysis then considers studies’ geographical 
and temporal coverage (Section 4.3) and, subsequently, 
their methods and data (Section 4.4), offering a system-
atic overview of not only what outcomes are affected by 
WLRs but also how, where, and with which methodolog-
ical approaches these effects have been assessed.

7 See Tables S4.1 and S4.2 for the distribution of studies across regions, 
methods, and outcomes, together with detailed information for each 
included study.

Figure 2. PRISMA flowchart. Source: Authors’ elaboration based 
on Page et al. (2021)’s template. Note: The diagram illustrates the 
workflow of identifying, screening and including publications in 
the review.
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4.1. Operationalizing the ‘Bundle of Rights’

Contemporary economic theory (Schlager & 
Ostrom, 1992) highlights the importance of women’s 
concrete actions regarding land. To assess whether 
empirical literature reflects this, we propose a prelimi-
nary classification of the LRs mentioned as explanatory 
variables in reviewed studies (Figure E1). Most effects 
(190) are explicitly associated with ownership or inher-
itance, typically self-reported or documented via a land 
title. However, authors often omit details on the specific 
claims these rights entail or how they were validated in 
surveys. Although ownership is often assumed to grant 
the complete ‘bundle of rights,’ even titling does not 
ensure women can exercise any or all rights. Shwach-
man Kaminaga & Sheldon (2022, p. 1200) observe that 
‘[t]he interplay between de facto and de jure legal systems 
[…] [affects] whether a title (physical or assumed) is rec-
ognized in practice.’ If ownership simply reflects de jure 
rights, our understanding of de facto rights (and their 
heterogeneous impacts) is impaired. Further, studies 
rarely assess different rights separately, often combining 
them into a single explanatory variable.

Other rights in the ‘bundle’ are scarcely repre-
sented: alienation appears only in 25 effects; access/use 
rights are present in 18 effects (based on actual access 
or land-use certificates); management and withdrawal 
are evaluated in only 14 and eight effects, respectively. 
No studies explicitly mention exclusion rights; though 
five cases report women’s inability to maintain exclusive 
land access (e.g., the fear of land loss noted in Deininger 
et al., 2019). This gap is notable, as Schlager & Ostrom 
(1992) argue that individual rights of exclusion promote 
investment and productivity. 

Only 20 studies consider multiple dimensions of the 
‘bundle.’ Notably, 55% are concentrated in Sub-Saharan 
Africa, indicating a strong regional focus that will be 
examined in more detail in the following sections.

4.2. Development outcomes

The analysis identified 11 outcome categories attrib-
utable to development processes. Among these, women’s 
empowerment emerged as the most investigated one. 
Others derived from the theoretical literature (invest-
ment and environmental sustainability, agricultural 
productivity, NRM, and financial inclusion), scholars’ 
attention to ‘mediated’ impacts (welfare, health, and edu-
cation), and the latest developments in this field (intra-
household dynamics, social capital and collective action, 
and social stability).

Greater consistency of findings emerges from specif-
ic areas of empowerment (namely, decision-making and 
economic empowerment), health, and education, where 
WLRs are connected to robust and positive impacts. 
More heterogeneous or scattered findings emerge on the 
remaining outcomes.

4.2.1. Women’s empowerment

With 45 studies, empowerment emerges as the most 
examined outcome, slightly more based on observational 
studies (51%) and with broad country coverage, espe-
cially in South Asia and Sub-Saharan Africa. We identi-
fied four main dimensions: decision-making, economic 
empowerment, family planning, and intimate partner vio-
lence (IPV).

Decision-making is the most popular theme in this 
area, with most studies confirming a positive relation-
ship. Particularly coherent findings emerge from quasi-
experimental studies, where nearly every intervention 
demonstrated a positive impact (Ajefu et al., 2024; Bis-
was et al., 2024; Grabe, 2010; Grabe, 2015; Melesse et al., 
2018; Mishra & Sam, 2016; Persha et al., 2017; Santos et 
al., 2014; Schling & Pazos, 2024; Wiig et al., 2011). A few 
observational studies, however, have found insignificant 
effects in specific countries (Amir-ud-Din et al., 2024; 
Doss et al., 2014; Kumar et al., 2020; Yokying & Lambre-
cht, 2020).

Decision-making power is usually measured in the 
household, except for Grabe (2015) on women’s participa-
tion in community meetings. Thresholds for considering 
a woman ‘empowered’ vary widely, from having (some) 
input in (key) family decisions, to full independence.

Findings on ‘economic empowerment ’8 are largely 
positive, particularly on employment and earnings in 
Sub-Saharan Africa (Ajefu et al., 2024; Peterman, 2011; 
Efobi et al., 2019) and Vietnam (Menon et al., 2017). 
Nevertheless, negative effects on employment were 
identified in India’s patrilineal societies (Bahrami-Rad, 
2021), where the combination of property inheritance 
and social stigma against women working outside the 
home reduced their economic participation, particular-
ly in agriculture. Similarly, in China, reforms granting 
land leasing rights increased men’s off-farm employment 
more than women’s, leaving them with greater house-
work and childcare responsibilities (Shi et al., 2024).

WLRs were also found to increase household 
expenditure/savings on healthcare, education and wom-
en’s and girls’ goods, and to decrease those in traditional 

8 Economic empowerment includes employment, entrepreneurship, 
influence on household expenditure, and similar outcomes.
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men’s goods (Brulé, 2010; Muchomba, 2017; Nguyen & 
Le, 2023; Quisumbing & Maluccio, 2003).

Four studies on India’s inheritance reform, how-
ever, reveal troubling family-planning outcomes: land-
ed women were more likely to marry paternal cousins 
to keep property within male lineages (Bahrami-Rad, 
2021) and showed a stronger preference for male off-
spring (Bose & Das, 2024). Related evidence indicates 
increased female foeticide (Bhalotra et al., 2020) and 
child mortality (Rosenblum, 2015). Overall, these find-
ings suggest that – despite pro-women land reform – 
social norms adapt to preserve traditional inheritance 
patterns, as households seek more sons to maintain 
male control over family assets.

A small evidence base explores women’s experiences 
with IPV, with mixed findings. While some studies show 
protective effects of WLRs (Biswas et al., 2024; Muchom-
ba et al., 2014; Panda & Agarwal, 2005), others report 
increased IPV under specific conditions (Peterman et al., 
2017; Shwachman Kaminaga & Sheldon, 2022; Ward & 
Harlow, 2021), particularly in South Asia (Anderson & 
Genicot, 2015; Murshid, 2017).

4.2.2. Investment and environmental sustainability

The review identified 19 studies on investment and 
environmental sustainability9, mainly concentrated on 
Sub-Saharan Africa (80%) and mostly based on observa-
tional evidence.

One experimental study – the only randomized-
controlled trial (RCT) in this review – found that land 
formalization in Benin promoted long-term investments, 
with particularly strong effects among female-headed 
households (Goldstein et al., 2018).

Quasi-experimental studies show mixed findings. In 
Rwanda, land regularization increased soil conservation, 
particularly among female-headed households (Ali et al., 
2014). Similarly, in Zambia, widows’ inability to inherit 
land reduced fertilizer use, fallowing and intensive till-
age (Dillon & Voena, 2018). In India, adding women’s 
names to land titles boosted agricultural investment 
and the use of higher-quality inputs (Santos et al., 2014). 
Nevertheless, other studies found no significant effects. 
In Nicaragua, for example, titling alone had no effect, 
suggesting the need for complementary support for vul-
nerable groups (De La O Campos et al., 2023).

Observational studies present similarly mixed 
findings, though most support a positive relation. For 

9 These outcomes were grouped as the reviewed investments involve 
adopting sustainable fuels or agriculture, often with conservation meas-
ures.

example, in Ghana, insecure WLRs reduced fallowing 
(Goldstein & Udry, 2008), while in Kenya, tenure inse-
curity under patrilineal inheritance systems discour-
aged long-term investments among male heirs in male-
headed households (though this effect did not extend to 
women) (Linkow, 2019). Likewise, in Malawi, stronger 
women’s tenure security in uxorilocal communities pro-
moted investment (Benjamin, 2020), but reduced men’s 
tenure security, discouraging their long-term invest-
ments (Lovo, 2016).

Interestingly, several studies explored how differ-
ent rights across the ‘bundle’ shape investment. For 
example, in Ghana, alienation reduced investments 
in female-owned plots, while other rights showed no 
significant effects (Aikins et al., 2021). Conversely, in 
Malawi, alienation was linked to increased investment 
in organic manure, whereas other rights were not (Dein-
inger et al., 2021). Adoption of climate-smart agriculture 
was more likely when management rights aligned with 
ownership and economic rights, although results varied 
across countries, right types, and land managers’ gender 
(Teklewold, 2023).

These mixed results could be explained by varia-
tions in how investments are defined and measured, or 
by their nature and timeframe (short-term or long-term), 
which, carrying different risks, are likely to elicit differ-
ent responses to varying levels of tenure security.

4.2.3. Agricultural productivity

The review identified 13 studies on agricultural pro-
ductivity, mainly concentrated on Sub-Saharan Africa 
(84%) and based on observational studies (61%).

An experimental approach found that Benin’s land 
demarcation increased long-term investment among 
female-headed households but did not improve agricul-
tural yields in the short term, suggesting that productiv-
ity benefits may take longer to materialize (Goldstein et 
al., 2018).

Some quasi-experimental studies evaluated the pro-
ductivity impacts of government land policies. In Ethio-
pia, land certification correlated positively with higher 
agricultural output value, particularly for female-head-
ed households (Bezabih et al., 2016; Holden & Ghebru, 
2011). Likewise, in Vietnam, individual and joint land-
use certificates improved rice yields (Newman et al., 
2015). However, in Malawi, redistribution only improved 
productivity among male-headed households (Mendola 
& Simtowe, 2015).

Observational studies particularly show the rela-
tionship between women’s tenure security and produc-
tivity. In Malawi, for instance, the fear of land loss only 
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reduced productivity among female farmers, but not 
among their male counterparts (Deininger et al., 2019). 
Similarly, in Ghana, women’s lower productivity was 
attributed to insecurity over retaining land while it lay 
fallow (Goldstein & Udry, 2008). In Kenya, women farm-
ers with titles were more productive than those without 
(Owoo & Boakye-Yiadom, 2015).

Further, in Nigeria, access and ownership rights 
were associated with higher productivity (Daudu et al., 
2022), while in Rwanda, the ability to sell or collateral-
ize land increased productivity, especially for house-
holds that acquired farmland through purchase, loans or 
leases (Kamande & Bahati, 2019). This aligns with find-
ings from Ethiopia, where rental market participation 
increased productivity among female-headed households 
(Bezabih et al., 2016; Holden & Ghebru, 2011).

Studies employed various measures of productivity, 
including physical yields (e.g., per hectare/acre) (Ben-
jamin, 2020; Daudu et al., 2022; Mendola & Simtowe, 
2015; Owoo & Boakye-Yiadom, 2015), and monetary 
measures, such as revenue (Bezabih et al., 2016; Dein-
inger et al., 2019; Goldstein et al., 2018; Holden & Ghe-
bru, 2011) and profits (Goldstein & Udry, 2008; Master-
son, 2007).

4.2.4. Natural resources management

The review identified only three studies on NRM. 
All of them focus on Ethiopia and investigate a single 
aspect (land rental decisions), providing preliminary 
support for the positive effects of WLRs.

Akpalu & Bezabih (2015) show that female farmers 
often avoid renting out their land due to fears of losing it 
to male tenants. Together with findings on productivity, 
this evidence suggests that improving institutional sup-
port for WLRs and dispute resolution could make land 
markets more efficient.

Quasi-experimental evidence reinforces this point. 
Specifically, Holden & Ghebru (2011) found that paper-
based certificates increased the likelihood that female-
headed households would rent out their land. However, 
upgrading to digitized certificates had little additional 
effect (Persha et al., 2017).

Future research should extend beyond Ethiopia, 
whose land laws differ from those in most other devel-
oping countries and even within Sub-Saharan Africa, 
limiting findings’ generalizability. For instance, land 
sales and collateralization are illegal, and in some areas, 
non-residents risk losing their LRs (Stevens et al., 2020). 
Thus, pro-women land policies in more typical land 
markets could yield different NRM outcomes.

4.2.5. Financial inclusion

The review identified eight studies on financial 
inclusion. The evidence is limited but evenly distributed 
across regions and across observational and quasi-exper-
imental designs (50% each).

Findings point to a generally positive relation-
ship, supported by four studies (Balasubramanian et al., 
2019; Nguyen & Le, 2023; Persha et al., 2017; Santos et 
al., 2014). In Vietnam, for instance, land-use certificates 
allowed women to collateralize their land, reducing 
dependence on costly informal credit markets (Nguyen 
& Le, 2023). Access to credit also enabled investment in 
education and health, generating spill-over effects. Nota-
bly, this study is one of the few in the broader literature 
on LRs to identify clear impacts on financial inclusion 
(Deininger et al., 2019).

Nevertheless, benefits may depend on men’s involve-
ment. For instance, while landed women are more likely 
to have formal savings and accounts, they are also more 
likely to obtain credit when owning land jointly with a 
male relative (Balasubramanian et al., 2019). Further-
more, land interventions may not benefit women’s finan-
cial inclusion as much as men’s. In Ethiopia, for exam-
ple, digitized certificates increased credit-based business 
transactions, but gains were smaller among female-head-
ed households (Persha et al., 2017).

Not all studies observed significant effects. In Nica-
ragua, titling had no significant impact on credit (De 
La O Campos et al., 2023). In Peru, the relationship 
between landownership and ‘credit resources’ was also 
insignificant (Schling & Pazos, 2024). Similarly, in Tan-
zania, women living in communities with stronger prop-
erty and inheritance rights were no more likely to own a 
savings account (Peterman et al., 2017).

Indicators of financial inclusion vary from access to 
formal credit and microcredit to bank account ownership 
and reliance on informal loans. Some aspects of financial 
inclusion remain unexplored, such as access to digital 
payment services, remittances, and (crop) insurance.

4.2.6. Welfare

The review identified 11 studies on welfare10, pri-
marily in Sub-Saharan Africa (82%) and observational 
(64%). Findings are mixed, with some highlighting nega-
tive impacts under specific conditions.

Quasi-experimental studies consistently demonstrate 
that pro-women land policies can improve welfare for 

10 While these studies focus on income, consumption and savings, their 
authors generally use them as proxies for welfare.
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both men and women. In Ethiopia, for instance, longer 
land certificate tenure increased consumption, particular-
ly among female-headed households (Holden & Ghebru, 
2011). Similarly, land redistribution in Malawi boosted 
wealth and welfare, especially in matrilineal communities 
(Mendola & Simtowe, 2015), while in Vietnam, women’s 
individual certificates increased household expendi-
tures and reduced poverty (Menon et al., 2017). Another 
study in Malawi (Asfaw & Maggio, 2018) found that tem-
perature shocks reduced household consumption more 
severely when women managed land alone; however, 
these effects were weaker in matrilineal districts, where 
women’s stronger tenure security and greater investment 
in agricultural technologies helped buffer the impact.

Findings from observational studies are more 
ambiguous. In Tanzania, for example, women in com-
munities with strong property and inheritance rights 
enjoyed higher expenditures and savings (Peterman, 
2011). Similarly, in Burkina Faso, women’s landowner-
ship was associated with higher income among livestock-
keepers (Montcho et al., 2023).

However, where women lack market access, com-
plementary inputs, or rights enforcement, the land-wel-
fare nexus weakens. In such contexts, welfare may even 
improve when men retain control over assets (Bhaumik 
et al., 2016). For example, in Malawi, women’s landown-
ership correlated negatively with income from high-value 
agriculture (Bhaumik et al., 2016). This aligns with the 
argument that tenure security alone cannot drive socio-
economic development without institutional support and 
access to complementary inputs (de Janvry & Sadoulet, 
2016). Similarly, Deere et al. (2004) observed that WLRs 
often benefit off-farm income more than farm income.

Welfare has been measured through different prox-
ies, including consumption, income (farm/off-farm), 
expenditure, savings, asset value, poverty lines, and self-
reported poverty status. Most studies understand welfare 
as access to material goods, as is traditional in econom-
ics. Future studies could explore alternative measures 
capturing life satisfaction and relative deprivation, such 
as subjective well-being, experienced preferences, and the 
indexes inspired by Sen (2008)’s ‘capability approach’.11

4.2.7. Health

The review identified 20 studies on health12, even-
ly distributed between Sub-Saharan Africa and South 

11 See, for example, the Human Development Index and the OECD’s 
Better Life Index.
12 Most studies (90%) focus on nutritional outcomes, typically meas-
ured through anthropometric indicators. These are categorized under 
the health domain, as stunting, wasting, or underweight rates reflect not 

Asia and between quasi-experimental and observational 
methods. Findings strongly suggest that WLRs improve 
health outcomes, particularly for children.

Quasi-experimental studies link WLRs to improved 
child anthropometric measures. For example, in Nigeria, 
joint landownership improved women’s caloric intake 
and reduced child stunting and underweight rates (Ader-
emi, 2021). In India and Kenya, inheritance reforms 
were associated with better child anthropometric meas-
ures (Ajefu et al., 2022, 2024) through better education 
and household bargaining power (Ajefu et al., 2022).

However, not all studies find direct effects. In India, 
Kumar et al. (2020) observed that landownership alone 
was insufficient to mitigate child stunting; instead, wom-
en’s education and household wealth were more critical.

When women control crop choices, they prior-
itize food availability and dietary diversity. In Rwan-
da, for example, female landownership improved both 
(Kamande & Bahati, 2019), though the effect of joint 
ownership alone was inconclusive. Similarly, in Viet-
nam, management and use rights in de facto female-
headed households were linked to improved food secu-
rity (Bairagi et al., 2022).

Women’s income and decision-making are impor-
tant mediators: observational studies from Ghana (Doss, 
2006) and India (Rehman et al., 2019), for instance, 
showed that women’s asset ownership directs spending 
toward food, while in Nepal, women landowners had 
greater decision-making, which correlated with better 
child anthropometric measures (Allendorf, 2007).

Most studies focus on household or child-level out-
comes, with only Aderemi (2021) examining women’s 
nutrition. Indicators also vary, with most relying on 
anthropometric scores or caloric intake, and only two 
assessing nutritional diversity (Kamande & Bahati, 2019; 
Burrone & Giannelli, 2023).

Two studies assess health beyond nutrition-related 
measures. In Vietnam, female-only land-use rights led 
to a larger reduction in child illness rates and a great-
er increase in insurance coverage than male-only or 
jointly held rights (Menon et al, 2014), suggesting a shift 
toward child health expenditures as predicted by intra-
household bargaining theory. In Kenya, individual land-
ownership reduced HIV rates among those women most 
at risk of survival sex by providing economic security 
and alternatives to risky sexual behaviors (Muchomba et 
al., 2014). 

only food intake or security but also broader health factors (de Haen 
et al., 2011), including disease prevalence, sanitation, and healthcare 
access (FAO, 1999).
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4.2.8. Education

The review identified eight studies on education, 
mainly in India (50%) and based on quasi-experimental 
methods.

Evidence consistently shows that WLRs improve 
educational outcomes, especially for women and girls. 
For example, in Vietnam, women’s land-use certificates 
increased children’s school enrollment (Menon et al., 
2014). In India and the Philippines, pro-women inherit-
ance reforms raised higher educational attainment for 
women (Bose & Das, 2017) and their daughters (Dein-
inger et al., 2013; Roy, 2015; Quisumbing et al., 2003).

Consistent with intra-household bargaining theory, 
WLRs can shift household expenditure toward education. In 
rural Ghana, for example, households where women owned 
more farmland spent more on education (Doss, 2006).

Interestingly, while WLRs improve outcomes for girls, 
effects on boys are mixed: in India, Bose & Das (2017) 
found reduced attainment, while Deininger et al. (2013) 
(on the same Indian reform) and Quisumbing et al. (2003) 
(on the Philippines) found positive effects only for girls.

4.2.9. Intra-household dynamics

The review identified only one quasi-experimental 
study on intra-household dynamics13, limiting the empir-
ical evidence to India.

Family conflict is often modeled through bargain-
ing models that include separation or divorce as potential 
exit strategies. Anderson & Genicot (2015) extended this 
framework by including suicide as an extreme exit option 
and found that pro-women inheritance reform increased 
suicide rates for both sexes due to marital conflict.

Despite its robust causal design, the study’s findings 
may not generalize beyond India, where divorce and sep-
aration are extremely rare (Anderson & Genicot, 2015). 
Where marriage dissolution is more accessible, WLRs 
may influence household dynamics differently, fostering 
either conflict or cooperation.

4.2.10. Social capital and collective action

The review identified three observational studies on 
social capital and collective action14, mainly in Sub-Saha-
ran Africa.

13 By ‘intra-household dynamics,’ we refer to the ways in which WLRs 
affect family relationships, fostering either cooperation or conflict, par-
ticularly between spouses.
14 Collective action refers to coordinated land management through 
common property regimes or inter-farms collaboration (Meinzen-Dick 

Despite their small number, most report positive 
effects. As social capital cannot be directly measured 
(Meinzen-Dick et al., 2004), studies use proxies like par-
ticipation in organizations or social events. In Uganda, 
WLRs increased women’s involvement in coffee coopera-
tives and collective marketing, especially in gender-equal 
or joint-ownership households (Meier Zu Selhausen, 
2016). In Vietnam, women’s share of family land increased 
their (non-)production-related group membership and 
attendance at social events (Nguyen & Le, 2023).

However, in Ghana, Yokying & Lambrecht (2020) 
found no significant differences in agricultural group 
membership between landed and landless women.

4.2.11. Social stability

The review identified only one quasi-experimen-
tal study on social stability, which found no significant 
effects of digitized certificates on land disputes in Ethio-
pia (Persha et al., 2017).

Two important considerations, however, contextual-
ize this finding. First, the study focused on the marginal 
benefits of digitized certificates over paper-based ones, 
rather than assessing the overall impact of certification. 
Second, the low incidence of disputes limited statistical 
power (Persha et al., 2017).

4.3. Geographic and time coverage

The review uncovered effects across 46 countries, 
plus two multi-country studies.15 However, evidence 
availability varies considerably across and within regions 
(Figure 3).16

Sub-Saharan Africa (123 effects, 49 articles) and 
South Asia (37 effects, 26 articles) dominated the lit-
erature, ref lecting their high levels of rural poverty 
(Castañeda et al., 2018) and the substantial policy rel-
evance of WLRs. In contrast, Europe & Central Asia 
(one effect) and the Middle East & North Africa (three 
effects, two articles) are critically underrepresented. East 
Asia & Pacific (19 effects, 12 articles) and Latin America 
& the Caribbean (17 effects, 10 articles) have a scattered 
evidence base, insufficient to generalize findings at the 
regional level.

et al., 2004). Social capital underpins collective action, and it is often 
analyzed jointly (Krishna, 2004).
15 Balasubramanian et al. (2019) and Sommer et al. (2024) aggregate 
data from multiple developing economies.
16 The research community’s engagement with WLRs has varied over 
time as well, with bibliometric trends revealing an acceleration that 
began around 2008 (Figure S5.2).
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The analysis paints a modest picture of outcomes’ 
coverage outside the two focal regions (Figure 4). 
Research on empowerment is common to all regions but 
mostly concentrated in Sub-Saharan Africa, as are stud-
ies on investment and productivity. South Asia, despite 
ranking second in terms of geographic coverage and 
extensively relying on traditional agriculture, holds lim-
ited evidence on the latter two outcomes. On the other 
hand, health is well-represented in both focal areas, 
while receiving no attention elsewhere.

Even within well-covered regions, research concen-
trates on specific countries. Research in Sub-Saharan 
Africa focuses mostly on Tanzania, Ethiopia and Mala-
wi, while research in South Asia appears overwhelmingly 
clustered on India.

This trend appears driven by data availability and 
the possibility of exploiting natural experiments for 
analysis. Countries undergoing legal or policy changes 
tend to attract scholarly interest since they offer unique 
opportunities to identify generalizable effects. Notable 
instances include Ethiopia’s and Benin’s land certification 
programs (started in 1998 and 1993, respectively), India’s 
inheritance reform (2005), and Vietnam’s Land Law 

(1993), which serve as sources of discontinuity in multi-
ple articles in this review.17 Broadly speaking, the main 
land programs covered by the reviewed studies occurred 
in the late 1990s and early 2000s, and were accompa-
nied by extensive documentation and standardized data 
collection efforts, largely supported by the international 
community. Most studies draw on periodical data from 
the early 2000s to 2015, with no significant regional dif-
ferences in temporal coverage. The most recent evidence 
is from Nigeria, with data extending to 202118. The tem-
poral distribution of data does not reveal specific patterns 
in terms of outcomes or geographies; however, recent 
studies tend to consider a broader range of rights within 
the ‘bundle’ compared to earlier research.

When examining how different rights in the ‘bun-
dle’ intersect with geographical coverage, Sub-Saharan 
Africa and South Asia still dominate the evidence base, 
especially for ownership/inheritance rights. While this 
geographic focus carries over to other dimensions, East 

17 See the Supplementary Materials (S4) for further details on pro-
grams/reforms covered in the reviewed studies.
18 See Daudu (2022).

Figure 3. Distribution of effects, by country of analysis. Source: Authors’ elaboration. Note: Each count represents an effect from WLR 
included in the review. A single article may report effects for multiple countries and development outcomes. Two studies (Balasubramanian 
et al., 2019; Sommer et al., 2024) are excluded from this figure because they aggregate data from several countries into a single effect.
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Asia is relatively better represented in access/use and 
alienation rights. This suggests that, in this region, spe-
cific local contexts – such as legal frameworks and cus-
tomary practices – and socio-cultural dynamics may 
shape WLRs in ways that differ from other regions. Data 
availability from major land reforms (e.g., Vietnam) like-
ly also drives scholarly focus.

4.4. Research methods and data

Most studies adopt observational (142 effects from 57 
articles) or quasi-experimental designs (57 effects from 37 
articles) (Figure 5), with only two studies (three effects) 
employing experimental approaches. Among these, only 
Goldstein et al. (2018) (on Benin) used an RCT – the 
“gold standard” in causal inference (Higgins et al., 2018) 
– leveraging a major land reform in the country. 

Common identification strategies include instru-
mental variables, differences-in-differences, and their 
combination with matching methods. Matching meth-
ods and inverse probability weighting are often used in 
observational studies to address confounding bias.

Most studies (72%) rely on cross-sectional data, sin-
gle or repeated (153 effects, 69 studies)19, while only a 

19 See Table S4.1 for further details on key data sources.

few use panel data (49 effects, 27 studies), largely limited 
to China, India, Vietnam and selected countries in Sub-
Saharan Africa (Benin, Ethiopia, Ghana, Malawi, Nige-
ria, Rwanda and Tanzania). Longitudinal data enable 
the observation of long-term outcomes (e.g., productivity, 
education), the use of fixed-effects estimators, and the 
study of dynamic processes (e.g., lagged effects). How-
ever, large-scale longitudinal surveys with land modules 
remain rare.

Recent studies increasingly use individual- and plot-
level analyses,20 as already noted by Meinzen-Dick et 
al. (2019), enabling estimation of local effects with high 
internal validity. Nevertheless, studies where the parcel 
is the explicit unit of analysis remain relatively niche21. 
First appearing in Goldstein & Udry (2008), plot-level 
studies in our sample account for only 15 studies (18%), 
mostly on investment (nine studies, or 60% within this 
domain), productivity (seven studies, or 54%), financial 
inclusion and NRM (one study each), with mainly posi-
tive effects. Apart from De La O Campos et al. (2023), 
Kelly et al. (2019), and Newman et al. (2015) – on Nica-
ragua, Haiti and Vietnam, respectively – all plot-level 
analyses refer to Sub-Saharan Africa (80%).

While this focus on local-level analyses provides 
rich insights, it has reduced attention to ‘macro-level’ 
and cross-country analyses. Furthermore, few studies 
differentiate outcomes by women’s characteristics (e.g., 
marital status), except for research on family and inher-
itance law reforms.

Research on individual rights is predominant (61 
studies), while joint rights are the explicit focus of only 
11 studies. Further, comparisons of effects across indi-
vidual and joint rights remain sparse (12 studies), largely 
due to data limitations. Even when data are available, 
many studies aggregate these categories to maintain 
statistical power, with 12 providing combined analy-
ses. When differentiated, individual rights improved 
decision-making over joint rights in Sub-Saharan Africa 
(Doss et al., 2014). Both LR types were beneficial com-
pared to landlessness; however, in India, individual 
rights showed no effect, and joint rights had negative 
effects, reflecting heterogeneous local outcomes. In Viet-
nam, instead, both types of rights increased women’s 
self-employment (Menon et al., 2017), but female-only 
rights improved health and education outcomes more 
than male-only or joint rights (Menon et al., 2014). In 

20 Given our focus on gendered impacts, included studies provide either 
individual-level data (on women) or plot-level data (with gender-specif-
ic information), even when the household is the observation unit.
21 Data measured at different scales can be integrated, for instance, plot-
level variables analyzed at individual or household levels. Here, how-
ever, the measurement level refers specifically to the outcome variable.

Figure 4. Distribution of effects, by region and outcome. Source: 
Authors’ elaboration. Note: Each count represents an effect from 
WLR included in the review. A single article may report effects for 
multiple countries and development outcomes. Two studies (Bal-
asubramanian et al., 2019; Sommer et al., 2024) are excluded from 
this figure because they aggregate data from several countries into a 
single effect.
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Kenya, both increased vulnerability to IPV (Ward & 
Harlow, 2021). Further research is needed to confirm 
whether individual rights are more empowering for 
women, as suggested by Agarwal (2003) and Bhatla et al. 
(2010), among others.

5. DISCUSSION OF THE MAIN 
FINDINGS AND RESEARCH GAPS

5.1. WLRs’ effect on development outcomes

Synthesizing such a diverse literature is challenging 
due to the wide range of outcomes and the heterogene-
ity of the indicators used to measure them. To provide 
a structured and interpretable overview, we followed 
approaches similar to Higgins et al. (2018) and, partly, 
Lawry et al. (2017), reporting the number – and, in our 
case, the proportions – of positive and statistically sig-
nificant effects by outcome22. This approach uncovers 

22 The diversity of outcomes and measurement indicators, along with 

outcome patterns and identifies areas of abundant or 
limited evidence (Figure 6).

Empirical evidence remains uneven across outcomes 
and geographies. It is larger in the area of empowerment 
and, to a smaller extent, productivity, health, and invest-
ment, whereas other outcomes warrant increased focus.

The strongest, most coherent evidence of positive 
effects is on empowerment (Figure 6). LRs consistently 
improve women’s decision-making and economic empow-
erment; though impacts on IPV and family planning, 
particularly in South Asia, vary. As Meinzen-Dick et al. 
(2019) note, there is also coherent, albeit limited, evi-
dence of positive impacts on productivity, financial inclu-
sion, and social capital.

Although limited in number, the evidence on edu-
cation and health is unambiguously positive. Future 
research could explore potential long-term, intergen-
erational benefits of WLRs, such as whether children 

multiple regressions using alternative proxies for the same outcome 
within individual studies, renders a meta-analysis impractical and a 
structured summary of effect sizes challenging to interpret.

Figure 5. Distribution of effects, by country of analysis and study design. Source: Authors’ elaboration. Note: Each count represents an 
effect from WLR included in the review. A single article may report effects for multiple countries and development outcomes. Two studies 
(Balasubramanian et al., 2019; Sommer et al., 2024) are excluded from this figure because they aggregate data from several countries into a 
single effect.
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of landed women become healthier, more productive 
adults, contributing to poverty reduction. Greater atten-
tion is also needed on nutritional diversity – a key but 
unexplored aspect of food security (FAO, 1996).

Evidence on investment and welfare is moderate 
but inconsistent, with some studies reporting negative 
effects, partly contrasting Meinzen-Dick et al. (2019), 
who noted a high level of agreement on ‘technology 
adoption,’ and Lawry et al. (2017), who found relatively 
consistent positive effects of broader LR recognition on 
long-term investment23.

The evidence on intra-household dynamics, NRM, 
and social stability is insufficient to draw definitive con-
clusions. At the same time, discussions on climate adap-
tation and resilience remain largely absent from the liter-
ature, with only Asfaw & Maggio (2018) addressing them. 
Future research should examine how WLRs contribute to 
such outcomes across different climatic and institutional 
contexts. Further, as in Lawry et al. (2017), existing evi-
dence on NRM focuses exclusively on land rental, while 
other practices affecting economic efficiency (e.g., use, 
sales, purchases, or gifting) remain unexplored.

23 These discrepancies stem from different eligibility criteria and our 
inclusion of more recent studies. Lawry et al. (2017) had a broader 
scope, with many reviewed studies lacking a gender lens.

5.2. Progress with respect to previous reviews

While our outcome classification does not directly 
align with Meinzen-Dick et al. (2019)’s or Lawry et al. 
(2017)’s, several points are worth mentioning.

First, by extending the timeframe, this review adds 
over 30 recent studies,24 reflecting the surge in research 
following transnational large-scale land acquisitions and 
the Russian invasion of Ukraine, which intensified land 
pressures in the Global South (Dell’Angelo et al., 2023).

Second, this broader scope enables inclusion of 
additional outcomes (education, health, intra-household 
dynamics, social stability, social capital and collective 
action) beyond those covered by previous reviews. More 
specifically, while Meinzen-Dick et al. (2019) recognized 
potential impacts on women’s bargaining power and 
decision-making over consumption, human capital and 
intergenerational transfers, this review assesses the ‘medi-
ated’ outcomes themselves, rather than bargaining power 
in these domains. It also expands the ‘credit’ category 
(present, in different capacities, in both previous reviews) 
to encompass broader financial inclusion indicators.

The review finds no progress in resilience and lim-
ited gains beyond agricultural productivity, health, and 
investment.

Third, this review proposes two preliminary classifi-
cations of LR typologies considered in the empirical lit-
erature. Drawing on Schlager & Ostrom (1992), the first 
shows an almost exclusive focus on ownership/inherit-
ance; the second, contrasting individual and joint rights, 
highlights a predominant focus on individual rights 
or combined analyses. Therefore, despite theoretical 
expectations (Agarwal, 2003), studies examining hetero-
geneous impacts across different LR typologies remain 
scarce.

5.3. Further considerations

Beyond our outcome classification, no eligible stud-
ies addressed several potential outcomes suggested by 
economic theory (Stevens et al., 2020), theoretical frame-
works (Meinzen-Dick et al., 2019), or qualitative research 
(Higgins et al., 2018; Lawry et al., 2017). These include 
displacement, extension services, democracy and gov-
ernance, public infrastructure, human development, 
inequality, post-conflict recovery, poverty reduction, sus-
tainable landscapes and biodiversity conservation.

24 In terms of number of reviewed studies, the closest comparison is 
Meinzen-Dick et al. (2019), which also focused on WLRs. Lawry et al. 
(2017) covered broader LR recognition and is less directly comparable.

Figure 6. Proportion of positive effects, by region and development 
outcome. Source: Authors’ elaboration. Each count represents an 
effect from WLR included in the review. Darker shades indicate a 
higher share of positive and statistically significant outcomes. Per-
centages are calculated over the total number of articles in that out-
come category. A single article may report effects for multiple coun-
tries and development outcomes. Two studies (Balasubramanian et 
al., 2019; Sommer et al., 2024) are excluded from this figure because 
they aggregates data from several countries into a single effect.
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Macro-level outcomes (e.g., democracy and govern-
ance, inequality) are largely absent, likely due to authors’ 
focus on local effects with strong internal validity. Yet, 
institutions influence both individual experiences and 
broader socio-economic systems: if rights’ recognition 
affects women and communities, national-level impacts 
are also plausible. Future research should explore wheth-
er WLRs produce systemic effects.

Observed trends and gaps appear largely driven by 
data availability and uneven opportunities to exploit 
natural experiments, leading to over-representation of 
certain countries and outcomes, and few studies on dif-
ferent LR typologies. In particular, the intuitive relation-
ship between rights and agency has enriched research 
on empowerment, but also overshadowed outcomes not 
directly tied to gender equality.

6. CONCLUSION

Despite recent growth in empirical studies, evidence 
on the land-women-development nexus remains frag-
mented across regions, outcomes, and methods. Build-
ing on Meinzen-Dick et al. (2019), this review advances 
the field by applying the PRISMA protocol and systema-
tizing 202 causal effects from 96 publications across 46 
countries. This approach enhances transparency and 
reproducibility, while clarifying areas of consensus, con-
tradictions, and evidence gaps.

Specifically, the review (1) codifies effects’ direction 
and significance, (2) proposes an original classification 
of 11 outcomes related to WLRs’ recognition, and (3) 
critically synthesizes empirical evidence, identifying pat-
terns across outcomes and geographies.

The most consistent findings concern empowerment, 
particularly decision-making and economic empower-
ment, with positive spillovers to education and health. 
These results support longstanding claims that secure 
LRs can strengthen women’s agency and shift household 
investments toward human capital (Meinzen-Dick et al., 
2019). However, contradictions remain: gender-equitable 
land reforms may improve women’s bargaining power 
but also trigger violence ‘backlash’ or regressive family 
planning shifts, particularly under entrenched patriar-
chal norms. Likewise, evidence on investment, productiv-
ity, financial inclusion, and welfare is highly heterogene-
ous, confirming that tenure security alone is insufficient 
without complementary access to inputs, markets, and 
effective LRs enforcement (de Janvry & Sadoulet, 2016).

Important gaps remain. Research disproportionately 
focuses on Sub-Saharan Africa and South Asia, especial-
ly where legal or policy reforms have generated natural 

experiments. Methodologically, reliance on observational 
and cross-sectional data limits insights into long-term 
impacts. Moreover, studies tend to privilege owner-
ship and inheritance rights, with less attention to other 
dimensions of the ‘bundle’ – despite recent literature 
beginning to move in this direction. Neglected outcome 
areas include NRM, social stability, climate resilience, 
and broader macro-level processes like governance and 
inequality.

Our findings highlight clear policy priorities: land 
interventions can promote development and women’s 
empowerment, but effectiveness requires policies that 
account for local gender norms, guard against unintend-
ed backlash, and are supported by agricultural services, 
financial infrastructure, and LRs’ enforcement.

The research agenda should expand geographi-
cally and thematically, moving beyond decision-making 
and individual ownership to explore how women ben-
efit from land and how these pathways affect different 
outcomes. Advancing this agenda requires the system-
atic collection of longitudinal micro-data, including the 
mode of acquisition (e.g., inheritance, purchase), rights’ 
typologies (individual or joint), women’s characteris-
tics, and specific dimensions of the ‘bundle.’ Such efforts 
should follow standardized, gender-sensitive protocols 
and include macro-level indicators capturing local insti-
tutional settings. 

Addressing these gaps will enable a more comprehen-
sive understanding of how WLRs contribute to inclusive 
and sustainable development, and their role in climate 
adaptation and resilience at local and systemic levels.
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Abstract. The EU prioritises the circular economy to foster sustainability, optimise 
resources, and minimise waste. Despite its potential, lacking a clear definition for cir-
cular economy in agriculture limits its benefits and cumulative knowledge. This study 
systemically identifies a consensus concept of circular economy in agriculture and its 
relationship with circular bioeconomy. We conducted a two-stage review and coding 
analysis of academic and grey literature, 22 documents define circular economy in 
agriculture and 12 define circular bioeconomy. Results indicate that circular economy 
in agriculture closes production loops, reduces, manages, and repurposes waste, pri-
marily through the R’s principles - reduce, reuse, recycle. Its aims include environ-
mental, economic, health and food security benefits. Circular economy in agriculture 
is overarching and synergistic to circular bioeconomy, since cascading mechanisms 
improve sustainable resource management. As circular economy evolves, this study 
offers a foundation for future research integrating expert validation and qualitative 
assessments with implementation and monitoring strategies.

Keywords:	 circular economy, circular bioeconomy, sustainability, concept, coding.

1. INTRODUCTION

Population growth and the produce-use-dispose model have driven actu-
al estimates in which we use more than the available amount of raw materi-
als on Earth (United Nations Development Programme, 2023). This situation 
makes circularity indispensable for sustainable development. The European 
Union (EU), through the European Green Deal and the Circular Economy 
Action Plan, promotes a sustainable development through the circular econo-
my, defined as an economic system that optimises the use of materials, main-
tains the value of resources, and minimises the generation of waste (Euro-
pean Commission, 2015). The agricultural sector is strategic for transition-
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ing to the circular economy, given its high use of natural 
resources, specifically water and nutrients (European 
Commission, 2022). Furthermore, if circular economy 
in agriculture promotes sustainability, it will maintain 
the economic, social, and environmental bases so that 
food security and nutrition for future generations are not 
compromised (FAO, 2018). 

Despite its widespread presence in the policy debate, 
the definition of a circular economy remains ambiguous, 
with scholars and practitioners adapting the idea of cir-
cularity according to their contexts and expertise. Much 
of the literature on circular economy has focused on 
practical and technical levels, leaving aside the evaluation 
of its values, structure, and potential (Korhonen, Nuur, 
et al., 2018). Furthermore, different definitions have been 
applied from diverse perspectives, either a post-political 
stand (Borrello et al., 2020) or different backgrounds 
and geographic regions, making the circular economy 
an “umbrella concept” (Homrich et al., 2018). The vague-
ness of the concept of circular economy poses the risk of 
obstructing its benefits (Arru et al., 2022; Borrello et al., 
2020) and a collapse of the model due to impeded cumu-
lative knowledge (Kirchherr et al., 2017). 

A clear theoretical framework recognised by 
researchers, policymakers and practitioners is essential 
for realising the potential of circularity in agriculture, 
as it would connect technological advances in a compre-
hensive knowledge base and provide the foundation for 
effective supporting policies (Rinaldi & Biaggi, 2025). 
Modern research and technologies in the areas of waste 
recovery, wastewater treatment, biochar application, 
and clean energy (Amoah-Antwi et al., 2020; Barros et 
al., 2020; Hidalgo et al., 2019; Maaß & Grundmann, 
2018) are expanding opportunities to enhance resource 
efficiency and value creation. Yet, the integration of 
circularity into agricultural production remains frag-
mented, largely due to a lack of consensus on definitions 
(Tamasiga et al., 2022; Velasco-Muñoz et al., 2021). Cur-
rent conceptualisations in the agrifood sector tend to be 
narrow in scope, focusing either on compiling circular 
practices (De Boer & van Ittersum, 2018) or on specific 
components such as livestock systems (Van Zanten et al., 
2019), rather than offering a comprehensive and opera-
tional framework. 

Usually, sustainability tends to be an effect associ-
ated with a circular economy. Businesses and policy-
makers view the circular economy as an approach to 
pursuing sustainable development (Ghibelline et al., 
2016; Ministero della Transizione Ecologica, 2022; Mur-
ray et al., 2017). However, being more circular does not 
always translate into being more sustainable. The rela-
tionship between circularity and sustainability often 

has trade-offs, such as the environmental impact of the 
energy required to recycle materials (Barcelos et al., 
2021; Geissdoerfer et al., 2017). Also, improvements in 
the different pillars of sustainability may happen sepa-
rately, such as specifying benefits in environmental sus-
tainability (Koppelmäki et al., 2021; Van Zanten et al., 
2019). The achievements of a circular economy may vary 
depending on the interest of the government to reach 
specific sustainable development goals, sometimes result-
ing in trade-offs with other objectives (Livingstone et al., 
2022).

The circular bioeconomy is a term often used in the 
agricultural sector to talk about the circular economy 
due to the biological nature of the main resources used 
in this field. However, there is still debate about the con-
nection between circular economy and bioeconomy, 
which influences the definition used for circular bio-
economy (Leipold & Petit-Boix, 2018)1. Furthermore, 
bioeconomy has been thought to be circular inherently 
due to the material circularity of nature (Konstantinis 
et al., 2018). Hence, circular economy in agriculture has 
often been used interchangeably with circular bioecon-
omy (Velasco-Muñoz et al., 2021), but the relationship 
between these concepts has not been properly assessed. 

Previous research has looked for a consensus defini-
tion of a circular economy (Kirchherr et al., 2017), but 
they do not focus on the characteristics of the agricul-
tural sector (i.e., being based on managing biological 
resources), that must be instead considered to give pre-
cise guidelines (Ellen MacArthur Foundation, 2019c). 
Most studies still focus on circularity in the agri-food 
industry and distribution phases rather than the pro-
duction phase (Martínez-Moreno et al., 2024; Velasco-
Muñoz et al., 2021), although this last one is the biggest 
contributor to the European agrifood circularity index 
(Arru et al., 2022). Further research is thus needed to 
compare understandings of circularity in agricultural 
production and to systemically address the connection 
between circularity and sustainability.

In this research we aim to fill this gap by propos-
ing a new, comprehensive definition of circular economy 
applied to agriculture. This definition is built answer-
ing the questions: i) what principles define the concept 
of a circular economy presently applied to agriculture 
by scholars and practitioners? ii) what is the relation-
ship between circularity and the economic, social and 
environmental sustainability of farms? Then, given the 

1 The circular economy and the bioeconomy may be in fact connected 
in five possible ways: i) separate but reinforcing, ii) completely integrat-
ed, iii) partially antagonistic, iv) bioeconomy a precondition to circular 
economy, v) circular economy a tool in transitioning to the bioeconomy 
(Leipold & Petit-Boix, 2018).
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close relationship between the concepts of circular econ-
omy in agriculture and of circular bioeconomy, we also 
address a complementary research question: iii) what is 
the connection between the identified definition of cir-
cular economy applied to agriculture and the concept of 
circular bioeconomy? 

The approach we adopted for this review article is 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement 2020 (Page et 
al., 2021), followed by a coding analysis. The novelty of 
this work with respect to the existing literature is, first, 
the focus on agriculture when explaining the concept 
of circular economy, and second, the use of the litera-
ture review combined with a coding framework to get a 
structured consensus definition and its connection with 
sustainability. 

2. METHOD AND DATA

The method used in this research consists of col-
lecting documents, coding their information, and ana-
lysing the classified information to construct a unified 
concept. The circular economy may be considered a 
social construct since its definition has depended on 
the users’ perspective of circularity practices. Dahl-

srud (2008) recognise that though it is not possible to 
develop an unbiased definition of social constructions, 
studying similarities and differences of the available 
definitions through a coding framework allows identify-
ing a consensus idea. To find a consensus concept, Sin-
gh & Aggarwal (2022) used an open coding process to 
unpack and repack qualitative data. 

The PRISMA statement 2020 was used to identify, 
select and review documents to recognise a consensus 
concept of circular economy in agriculture. The PRIS-
MA approach allows users to construct a transparent, 
accurate, and complete systematic literature review (Page 
et al., 2021). 

The literature review was divided into two stages: 
the first stage was the collection of definitions of circular 
economy applied to the agricultural sector and the sec-
ond was on the collection of definitions of circular bio-
economy to allow for comparison among the two (for a 
detailed description of the steps followed, please refer to 
Supplementary Materials). 

Figure 1 presents the flow diagram with informa-
tion about the selection of documents for the literature 
review, following the PRISMA approach. We found 109 
records during database search. After removing dupli-
cates, we screened 72 records, from which we reviewed 
17 full-text documents, and finally included 9 docu-

Figure 1. PRISMA 2020 flow diagram of the systematic review of definitions of circular economy applied to agriculture. Source: our elabo-
ration based on the format of Page MJ, et al. BMJ 2021;372: n71. Doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0.
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ments. Later, we searched references of the initially 
included studies, using the snowball method. We also 
added relevant documents from the Ellen MacArthur 
webpage. 13 extra documents that fulfilled inclusion cri-
teria were found in these searches. The final number of 
documents analysed, including academic and grey litera-
ture, was 22 (see Table S1). 

Figure S1 presents the flow diagram with informa-
tion about the selection of documents for the second 
stage literature review, following the PRISMA approach. 
We found 57 records during database search. After 
removing duplicates, we screened 55 records, from which 
we reviewed 18 full-text documents, and finally included 
12 documents (see Table S3). 

Building on the literature defining circular economy 
applied to agriculture and the literature defining circu-
lar bioeconomy, we performed a conceptual compari-
son of the two perspectives. This analysis examines how 
each concept frames circularity, with particular attention 
to their respective principles and economic, social, and 
environmental aims.

3. RESULTS

The following text presents the coding frame-
work used to analyse the information collected through 
the literature review, which leads to the replies to 
the research questions. Section 3.1 replies to the first 
research question by identifying the principles that 

define the circular economy in agriculture; section 3.2 
replies to the second research question on the relation-
ship between circular economy and sustainability aims, 
and finishes by presenting the new comprehensive defi-
nition of circular economy in agriculture which englobes 
principles and aims; while section 3.3 defines circular 
bioeconomy and its relationship with the definition of 
circular economy in agriculture.

The coding framework for circular economy applied 
to agriculture, generated after analysing the collected lit-
erature, is presented in Figure 2. This figure is a graphic 
representation of how the concept of circular econo-
my in agriculture has been structured: the connection 
between the ideas is represented by straight lines con-
necting the nodes, a “child” is a subordinate idea depict-
ed at a lower level, and “sibling” ideas are the ones rep-
resented at the same horizontal level. Figure 2 identifies 
five core principles: cascading, efficiency, regeneration, 
systemic approach, and the R’s principles. 

The aims of the circular economy applied to agricul-
ture are categorised as economic, social, environmental, 
and those explicitly referring to sustainability. This clas-
sification of the aims enables recognising the difference 
between circularity associated explicitly with sustainabil-
ity and its three pillars and circularity associated with 
aims only in economic, social, or environmental aspects. 
With this categorisation of the aims we intend to iden-
tify if the common critique of circularity’s relationship 
with sustainability applies also to the agricultural sec-
tor, meaning that when circular economy is said to be 

Figure 2. Coding framework map of the concept of circular economy applied to agriculture. Source: our elaboration. 
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sustainable, it refers to economic and environmental 
sustainability only, leaving behind social sustainability 
(Schöggl et al., 2020). Furthermore, we contribute to the 
broader discussion about the components of sustainabil-
ity, which suggests that the unjustified use of the three-
pillar model may blind us from a better understanding 
of the complex synergies and trade-offs between the 
three pillars of sustainability (Purvis et al., 2019).

3.1. Circular economy principles in agriculture

Looking at the words mentioned in the literature 
(see Figure S2), the principles of circular economy in 
agriculture refer to “Waste” and “Products”, discuss-
ing closing the loop production patterns, reducing 
waste, effectively managing waste, and using waste as a 
resource. 

The most used principles are the R’s - reduce, reuse, 
and recycle (see Figure S3). Within the R’s principles, 
“recycle” is the leading topic, followed by “reuse”, while 
“reduce” is mentioned in less than 50% of the docu-
ments analysed. Recycling refers to closing the loop for 
waste, such as using agricultural and livestock residues 
to generate agricultural inputs. Yuille et al. (2022) refer 
to recycling as a way to design out waste and obtain 
resources to replenish the system’s self-supporting capac-
ity, while the Ellen MacArthur Foundation (2019b) and 
Ruiz et al. (2009) add that waste passes from being a cost 
to a potential source of value. Furthermore, Fassio & 
Tecco (2019) and Pimbert (2012) go back to the founda-
tion of the circular economy, mentioning that the prin-
ciple of recycling originates from the proposal of mim-
icking the dynamics of natural ecosystems adopted by 
industrial ecology2.

Reusing includes the conservation of water, sec-
ondary raw materials, and food. Food redistribution 
is recognised as a more valuable use of resources than 
recycling (Ruiz et al., 2019). Recycling is only recom-
mended when reusing is impossible, as when food sur-
plus becomes food waste. Food waste is generated when 
edible food surplus becomes inedible due to the lack of 
preparation or preservation (Jurgilevich et al., 2016). 
Food redistribution improves the environmental perfor-
mance of the whole agri-food value chain. Unclaimed 
food implies unnecessary greenhouse gas emissions dur-
ing production, processing, transportation, storing, dis-
tribution and retail (Papargyropoulou et al., 2014). 

2 Industrial ecology proposed increasing efficiency whilst decreasing the 
use of non-renewable resources in agriculture (Pagotto & Halog, 2016; 
Trokanas et al., 2014).

Reducing in agriculture means minimising the use 
of natural resources, chemical fertilisers, food waste, and 
pollution. The reduction is motivated by the finitude of 
resources (Jurgilevich et al., 2016; Paño Yañez, 2021) 
and to separate income from material inputs (Pimbert, 
2012). Jun & Xiang (2011) define reducing as the dimin-
ished use of scant and non-renewable resources, keeping 
fixed production and consumption targets. Conversely, 
Barañano et al. (2021) consider the principle of reduc-
tion as a general decrease in the number of resourc-
es used and the quantity extracted, the number and 
amount of products discarded. The circular economy is 
also expected to reduce pollution (Therond et al., 2017), 
by using local inputs in opposition to a globalised food 
system based on commodity trade.

Cascading, which means using resources sequen-
tially and consecutively at their highest value (Ellen 
MacArthur Foundation, 2019c), is considered by only 
60% of the documents assessed. Cascading is common-
ly referred to as “optimising” the management of the 
stock of resources (Fassio & Tecco, 2019; Paño Yañez, 
2021). Barañano et al. (2021) explain that cascading is 
applied when biomass is converted into products, the 
waste from this process is used as input for a lower-level 
production, this step is repeated until the waste can no 
longer be transformed into products, and finally, the 
waste is burned to provide energy. The highest-value use 
of resources is based on prioritizing plant biomass for 
human food production. In this hierarchy, edible bio-
mass should first be used to produce food for humans, 
by-products should be reused or recycled, and inedible 
biomass should be used as animal feed. Livestock can 
then convert this biomass into additional food, manure, 
and ecosystem services (Van Zanten et al., 2019; Velasco-
Muñoz et al., 2021). However, the opportunities for val-
orising residues and by-products are determined by the 
purity of the waste and the effectiveness of the collection 
system (Ellen MacArthur Foundation, 2019b). 

3.2. The relationship between circular economy in agricul-
ture and sustainability 

Circular economy applied to agriculture targets sus-
tainability mainly through environmental and economic 
aims, and least frequently, though still considered by 70% 
of the documents analysed, social aims (see Figure S4).

The environmental aims of the circular economy 
are the most extensively described. Figure S5 section a 
in the Supplementary Materials presents the keywords 
used in their description, which refer to the environ-
mental aims of using fewer inputs, generating less waste, 
and improving soil.
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Table 1 shows the specific environmental aims of 
the circular economy with the reference documents 
mentioning them, which are the basis of the subsequent 
information. According to these documents, the circular 
economy in agriculture aims at restoring nature’s bal-
ance, thereby shifting the agricultural sector from a con-
tributor to climate change to a solution. This framework 
operates by maximizing resource efficiency, reducing 
pollution, and fostering the regeneration of soil, agro-
biodiversity, and ecosystems. By alleviating the strain on 
natural ecosystems, the circular economy model simul-
taneously improves food production and rejuvenates 
marginal lands, preserving the integrity of landscapes. 
Crucially, the return of nutrients to the soil enhances 
food production, promotes carbon sequestration and 
mitigates pollution. Effective waste management practic-
es, including composting, further amplify these results 
by conserving water resources. Such soil enhancements 
strengthen resilience against adverse weather condi-
tions like wind, floods, and droughts. Additionally, soil 
improvement and waste management decrease the reli-
ance on chemical fertilizers, thus diminishing resource 
extraction and lowering energy consumption and trans-
portation-related pollution. Using local resources further 
minimises the environmental footprint of transporta-
tion activities. Moreover, strategies focusing on water 
demand reduction and wastewater reuse alleviate the 

strain on hydrological resources. Using waste for energy 
generation serves to both mitigate resource depletion 
and combat improper waste disposal practices.

The aim of economic sustainability under the frame-
work of circular economy is expected from the efficient 
use and reuse of materials, as well as logistic and resil-
ience improvements (see Figure S5 section b in the Sup-
plementary Materials).

Table 2 shows the economic aims of the circular 
economy with the reference documents that mention 
them, which are the basis of the subsequent information. 
According to these documents, the circular economy is 
expected to bring sustainable economic growth while 
reducing resource consumption. This is achieved by effi-
cient resource use and recycling. Reducing excess nitrogen 
(N) and phosphorus (P) and reusing resources like water 
in fertirrigation improves productivity. Furthermore, 
the circular economy reduces dependence on costly and 
risky external sources like agrochemicals, transgenic tech-
nologies, and fossil fuels. Adopting circular practices also 
enhances resilience by promoting adaptation to climate 
change. Circularity is a way to achieve long-term higher 
yields and performance thanks to environmental pro-
tection. Additionally, it encourages the renewal of infra-
structure and the creation of networks for better resource 
management, fostering innovation and multiple revenue 
streams, such as generating income from biomass energy.

Table 1. Environmental aims of the circular economy applied to agriculture.

Circular economy strategy Environmental aims Reference 

Regenerate nature Climate change solution Velasco-Muñoz et al., 2021; 
Ellen MacArthur Foundation, 2019b; Freeman 
et al., 2022; Yuille et al., 2022

Resource efficiency, pollution reduction, 
and enhancing soil, agrobiodiversity and 
ecosystems

Climate change solution De Rosa et al., 2021; Ellen MacArthur 
Foundation, 2019b; Pimbert, 2012; Therond 
et al., 2017; Velasco-Muñoz et al., 2021

Reduce stress on natural ecosystems Improve environmental conditions of 
marginal lands while preserving landscapes

EIP-AGRI, 2015; Freeman et al., 2022; Paño 
Yañez, 2021

Soil improvements Resilience to wind, floods, and droughts Ellen MacArthur Foundation, 2019b; 
SYSTEMIQ & Ellen MacArthur Foundation, 
2017

Composting residues Improve soil Bos & Broeze, 2020; Ellen MacArthur 
Foundation, 2019b; Yuille et al., 2022

Local resource use Minimize pollution Barcelos et al., 2021; Jurgilevich et al., 2016; 
Therond et al., 2017

Water demand reduction and wastewater 
reuse

Alleviate pressure on hydrological resources  Velasco-Muñoz et al., 2021

Carbon sequestration capacity enhancement Reduce carbon emissions and improve 
resilience to environmental challenges

SYSTEMIQ & Ellen MacArthur Foundation, 
2017

Waste used to produce energy Reduce resource depletion and pollution 
from waste disposal

Barcelos et al., 2021; EIP-AGRI, 2015

Source: our elaboration.
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Social sustainability is aimed by circularity in agri-
culture through two main aspects: human health pro-
tection and food security. Additionally, some mention 
improved human capital and technology (See Figure S5 
section c). Table 3 shows the social aims of the circu-
lar economy with the reference documents mentioning 
them, which are the basis of the subsequent informa-
tion. The circular economy lessens the negative impacts 
of production that damage human health, including 
extraction of raw materials, waste production, hazard-
ous substances emission, and pollution of soil, water and 
air. Besides, human health may benefit from the con-
sumption of food with a higher-quality nutrient profile. 
Circular Economy practices are expected to increase 
soil organic matter and improve soil health, which can 
enhance nutrient availability and favour micronutri-
ent uptake by plants, potentially leading to crops with a 
richer nutrient profile. Food security might also improve 
by reducing food waste and enhancing the production 
and resilience of agriculture. Furthermore, energy and 
water security would improve through reduced pollution 
and the use of renewable resources. The circular econo-

my might also reduce poverty because it allows farmers 
to have multiple revenue streams. The participation and 
importance of women in business may also increase, as 
circular economy provides an opportunity for the crea-
tion of new businesses in which women may contribute 
and lead. Social development may be improved by pro-
moting farmers’ knowledge and technology application 
to create biobased products. Moreover, circular economy 
in agriculture is expected to allow farmers to improve 
their quality of life by investing in health and education 
with the money they save through simplified logistics 
and self-sufficient production. 

Based on the results of Section 3.1 and 3.2, we pro-
pose a comprehensive concept of circular economy 
applied in agriculture, which departs from the basics 
and reaches the objectives that emerge from the available 
documents: 

Circular economy in agriculture is a comprehensive 
framework that integrates the principles of reusing 
resources and recycling waste through cascading pro-
cesses that maximize resource value, it strives to reduce 

Table 2. Economic aims of the circular economy applied to agriculture.

Circular economy strategy Economic aims Reference 

Efficient resource use and recycling Economic growth Burgo-Bencomo et al., 2019; De Rosa et al., 
2021; EIP-AGRI, 2015; Ellen MacArthur 
Foundation, 2019a; Fassio & Tecco, 2019; 
Jun & Xiang, 2011; Ruiz et al., 2019; Velasco-
Muñoz et al., 2021

Minimise resource use Economic growth Hens et al., 2018; Velasco-Muñoz et al., 2021
Valorisation of organic waste Business opportunities Ellen MacArthur Foundation, 2019b
Control excess N and P Productivity improvements Yuille et al., 2022
Regenerate nature Benefit profitability SYSTEMIQ & Ellen MacArthur Foundation, 

2017
Reduced dependence on external 
agrochemical inputs, transgenic technologies, 
and fossil energy

Reduced costs and risks EIP-AGRI, 2015; Pimbert, 2012; SYSTEMIQ 
& Ellen MacArthur Foundation, 2017;
Yuille et al., 2022

Local transport of inputs Reduced costs Barcelos et al., 2021
Environmental protection Improved resilience, better incomes, higher 

yields
Ellen MacArthur Foundation, 2019a, 2019b; 
Freeman et al., 2022; SYSTEMIQ & Ellen 
MacArthur Foundation, 2017;
Burgo-Bencomo et al., 2019; Ellen MacArthur 
Foundation, 2019a; Jun & Xiang, 2011; 
Kristensen et al., 2016; Velasco-Muñoz et al., 
2021

Renewal of infrastructure and the formation 
of networks

Improved resource use Barcelos et al., 2021; Fassio & Tecco, 2019

Innovative entrepreneurship Multiple revenue streams Ruiz et al., 2019; Velasco-Muñoz et al., 2021;
EIP-AGRI, 2015; Ellen MacArthur 
Foundation, 2019a;
Therond et al., 2017

Source: our elaboration.
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materials used whenever possible, with the ultimate goal 
of regenerating nature. This approach aims for numer-
ous benefits for environment conservation, improving 
the condition of soil, water and air, and tackling climate 
change; thus, enhancing human wellbeing by improving 
health and nutrition, and consequently bringing opportu-
nities for sustainable economic growth.

3.3. Circular bioeconomy concept and its relationship with 
circular economy in agriculture

In this section we present the results of the search 
for the definition of circular bioeconomy which drives 
the identification of the relationship with the concept of 
circular economy in agriculture.

The definition of circular bioeconomy is not unique; 
it is influenced by the definition of bioeconomy from 
which the literature departs. Nevertheless, most docu-
ments agree that the circular bioeconomy relies on using 
bioresources while applying some circular economy 
principles, from which cascading is central (Jarre et al., 
2020). A common statement is that circular bioecono-
my constitutes the way towards zero waste (Barañano 
et al., 2021; Hodson de Jaramillo, 2018a). However, the 
paper by Giampietro (2019) marks a straight difference 
from the other publications. It states that the circular 
economy represents the target outcome of decoupling 

resource use from natural resources, while the bioec-
onomy describes the biophysical processes needed to 
achieve this result. Konstantinis et al. (2018) combine 
both approaches, considering that circular bioeconomy 
means using non-fossil resources for complete economic 
exploitation while preserving environmental sustainabil-
ity. Liobikienė & Miceikienė (2023) extend this analysis, 
indicating that the final aim of circular bioeconomy is 
improving sustainability. Yet, in a couple of cases, the 
circular bioeconomy is tightly associated with technolog-
ical advances and biorefineries are part of its definition 
(Ptak et al., 2022). 

A few recent documents compile previous publica-
tions to propose a synergistic definition, gradually driv-
ing towards the definition of circular economy in agri-
culture. Tan & Lamers (2021) and Tolić (2022) compare 
a series of definitions of the circular bioeconomy, they 
cite Giampietro (2019), Ptak et al. (2022), Robert et al. 
(2020), and others highlighting efficient use of biobased 
renewable resources. Tan & Lamers (2021) propose that 
circular bioeconomy is a synergy of circularity and bio-
economy, focused on carbon management. Tolić (2022) 
expands this concept to include reduced resource con-
sumption, recovery, waste recycling, and as last resource 
safe disposal. Other documents are on the way to this 
compilation, including in the concept of circular bioec-
onomy some aspects of circular economy in agriculture 

Table 3. Social aims of the circular economy applied to agriculture.

Circular economy strategy Social aims Reference 

Reduced extraction of raw materials from 
nature, waste production, greenhouse gases 
and hazardous substances emission

Human health protection Burgo-Bencomo et al., 2019; Ellen MacArthur 
Foundation, 2019a, 2019b; Kristensen et al., 
2016; Yuille et al., 2022

Production of food with a higher-quality 
nutrient profile

Human health benefit Ellen MacArthur Foundation, 2022; 
SYSTEMIQ & Ellen MacArthur Foundation, 
2017

Reduction of food waste, enhanced 
production and resilience of food production 
systems

Food security improvement Burgo-Bencomo et al., 2019; Fassio & Tecco, 
2019; Jurgilevich et al., 2016; Kristensen et al., 
2016; Yuille et al., 2022;
Ellen MacArthur Foundation, 2019a, 2019b

Reduced pollution and production of energy 
from renewable sources

Energy and water security Pimbert, 2012

Opportunity generator of multiple revenue 
streams 

Poverty reduction Pimbert, 2012; EIP-AGRI, 2015; Ellen 
MacArthur Foundation, 2019a

Innovation to create biobased products Social development Burgo-Bencomo et al., 2019; Fassio & Tecco, 
2019

Participation and importance of women in 
business

Social development Fassio & Tecco, 2019

Farmers’ knowledge and technologies 
reinforcement

Social development Fassio & Tecco, 2019

Costs reduction by simplified logistics Health and education investments Barcelos et al., 2021

Source: our elaboration.
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that are not commonly used. Pyka et al. (2022) define 
circular bioeconomy as using biomass effectively and 
efficiently through cascading, recycling, reusing, and 
reducing waste. However, the reduction mentioned in 
this study referred to waste only, rather than inputs con-
sumed. Ptak et al. (2022) align more closely with the cir-
cular economy aims, addressing pollution and costs of 
resources transport. According to Therond et al. (2017), 
the circular bioeconomy is an improvement of bioec-
onomy in territorial socio-economic dynamics, aligning 
with the systemic approach of circularity in agriculture.

Sustainability and climate change are frequently 
mentioned in the description of circular bioeconomy, 
while the strategies to achieve improvements in the three 
pillars of sustainability are not identified. According to 
Ptak et al. (2022) sustainability and resource efficiency 
are part of the definition of a circular bioeconomy, simi-
larly Pyka et al. (2022) define circular bioeconomy as an 
extension of bioeconomy to achieve goals in sustainabil-
ity and climate change. On the contrary, Tan & Lamers 
(2021) argue that circular bioeconomy does not mean 
sustainability. This argument is supported by studies 
in which the circular bioeconomy aims for sustainabil-
ity when complying with conditions like cascading for 
optimum valorisation of biomass  (Barañano et al., 2021) 
or a systemic approach including different sectors and 
nations (Hodson de Jaramillo, 2018a). 

Economic and environmental aims are the most 
commonly mentioned within circular bioeconomy, based 
on the conservation of biomass and reduced extraction 
and dependence on natural resources (Tan & Lamers, 
2021). Addressing climate change is an expected result 
mentioned in the 2020s (Barañano et al., 2021; Ptak et 
al., 2022; Pyka et al., 2022; Tolić, 2022). Aims for human 
well-being are not frequently mentioned, except for Tolić 
(2022) who underlines that the safe disposal of unavoid-
able waste should benefit human health. The circular 
bioeconomy, like the circular economy applied to agri-
culture, is expected to bring sustainability benefits and 
tackle climate change, but the concept of circular econ-
omy applied to agriculture presents a clearer description 
of the strategies to achieve these aims.

4. DISCUSSION

4.1. Discussion on circular economy principles in agricul-
ture

According to the most used terms to define circular 
economy in agriculture, managing waste to close loops is 
the idea behind this framework. Research about agricul-
tural waste has experienced exponential growth during 

the last 20 years. Duque-Acevedo et al. (2020) explain 
that government and academic authors have influenced 
the direction of the studies to focus on maize and wheat 
waste management due to the relevance of their produc-
tion in the places of research. Furthermore, the consist-
ent application of measurement tools for agricultural 
waste may facilitate monitoring and understanding the 
implications of waste reduction. In the EU, up to the 
year 2018, there was no clear definition or common 
measurement method for waste. Wastes and byproducts 
have been considered only marginally in literature, they 
are not adequately conceptualised in economic terms, 
and the circularity of flows is not usually highlighted 
(Viaggi, 2022). 

According to most of the documents analysed, cir-
cular economy is based on the principles of recycling, 
reusing, regenerating natural systems, and cascading 
the use of resources. Nevertheless, in agreement with 
Velasco-Muñoz et al. (2021), the application of circular 
economy in agriculture generates an overlapping of prin-
ciples through specific techniques, like combining live-
stock raising and crop production activities. Several cir-
cular economy principles, namely, reducing, reusing, and 
recycling, applied through these techniques, still need to 
be recognised by literature, which has tended to simplify 
these interactions and define them as recycling only. In 
this direction, recent research proposes the adaptation 
of circularity indicators to biological and agricultural 
goods by integrating the assessment of waste generation 
with the evaluation of product performance, measured 
through yield efficiency and the bioavailability period of 
agricultural inputs (Escribà-Gelonch et al., 2023). 

The principle of reducing is the least mentioned 
within the three R’s, maybe due to the thought that 
reducing resources used would constitute a barrier to 
economic growth. There has been a hesitant inclusion of 
this principle in previous research; Velasco-Muñoz et al. 
(2021) indicate that the goal of circular economy in agri-
culture is not to minimise (reduce) the use of resources, 
but to keep cycles (either recycling or reusing) which 
would benefit economic and environmental aspects; nev-
ertheless, the same authors mention that the principle of 
reducing should become integral to the circular econo-
my due to its efficiency benefits. Indeed, practitioners’ 
expectations from the circular economy and policies that 
promise economic growth without highlighting the lim-
its of natural resources tend to mould the development 
of the circular economy. This is a critique recognised in 
previous research (Giampietro, 2019; Kirchherr et al., 
2017; Korhonen, Honkasalo, et al., 2018), and, Temes-
gen et al. (2021) explain that relying on recycling ignores 
ecological economists’ concern regarding the actual eco-
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nomic model’s dependence on increased consumption 
and production, instead of a sustainable scale of produc-
tion targeting human wellbeing. 

Unfortunately, the scarce inclusion of the principle 
of reduction is also evidenced in the definition of cir-
cular economy in agriculture. The effect of “reducing” 
on economic, environmental, and social wellbeing must 
be considered by policymakers, who support actions 
that may not bring substantial economic benefits to the 
industry but could benefit people’s welfare. The livestock 
sector illustrates this tension, as reducing production 
inputs and pollution levels can improve environmental 
outcomes. A reduction in livestock production may be 
facilitated by redistribution strategies, accounting for 
local animal-feed resources, land availability for manure 
distribution, and potential manure exports to neigh-
bouring areas which rely on synthetic fertilizers (Madel-
rieux et al., 2023). Yet, literature emphasizes the need 
for more information about biomass flows to effectively 
implement such strategies (Dourmad et al., 2019).

The principle of regeneration of natural systems 
has been increasingly used and is basic for achiev-
ing most sustainability aims. Contrary to the results of 
Velasco-Muñoz et al. (2021), who indicated that most 
documents discussing circular economy in agriculture 
analyse technical efficiency, the definition of circular 
economy in agriculture talks about the best management 
of resources to regenerate nature. This is positive, as, at 
least from a theoretical point of view, circular economy 
in agriculture is driving towards sustainability, consider-
ing the negative long-term effects of a narrow focus on 
efficiency. Focusing on the regeneration of natural sys-
tems may be essential to achieving the expected benefits 
from the circular economy in countries that have already 
advanced in circularity strategies. For instance, Italy has 
improved its efficiency in resource use during the last 
20 years, it reached a significantly low rate of landfill 
disposal of waste among the EU countries and invested 
in one of the most advanced systems of organic waste 
management (Ministero dell’Ambiente e della Tutella del 
Territorio e del Mare, 2017). Yet, the circular economy is 
considered a pathway to face Italy’s scarcity of raw mate-
rials. Complementarity between the applicability of cir-
cular economy principles and theoretical research may 
facilitate their effective implementation. 

The increased use of the term regeneration has led 
to a deeper evaluation of its application. In this respect, 
Morseletto (2020) highlights the difficulties in measure-
ment, which impact the application of this principle. 
Quantifying environmental and economic damages from 
production is challenging due to complex interactions 
and unknown regeneration time, while assessing soil 

regeneration’s value and costs is also difficult. Neverthe-
less, the importance of this principle has not diminished 
and is considered a metaphorical framework, meaning 
the “ability of nature to revive itself, recover from distur-
bances, and rebuild its functions” (Morseletto, 2020: 769), 
that in agriculture is translated into fertility promotion, 
nutrient cycling, and ecological services (Arfini et al., 
2025; Vollaro et al., 2017). 

4.2. The relationship between circular economy in agricul-
ture and sustainability 

The environmental aims are cited in most litera-
ture defining circular economy applied in agriculture, 
and their description is the most detailed. The defini-
tion of circular economy in agriculture has benefited 
from a clearer identification of its expected achievements 
compared to the circular economy general definition, 
which has been criticised for poorly reflecting the posi-
tion of natural capital and ecosystem services (D’Amato 
& Korhonen, 2021). Likewise, a common agreement 
in literature is that circularity in agriculture should be 
part of the solution to climate change (Abitabile et al., 
2024), although proper quantification still needs to be 
developed. Cantzler et al. (2020) identified low green-
house gas saving potential in agriculture in comparison 
to other industries; however, other studies quantified the 
impacts of energy and waste management and efficiency, 
while regenerative agriculture and recycling nutrients, 
although promising, have not been evaluated (Deloitte, 
2016; Ellen MacArthur Foundation, 2019b). While the 
theory has advanced in identifying the possible envi-
ronmental results of circular economy in agriculture, 
ex-post assessments after the complete concept has been 
applied still need development and generalisation (Esco-
bar et al., 2025). 

The economic aims are the second most mentioned. 
Economic growth is expected from circularity in agri-
culture, which would address the problem of population 
growth and limited resources by minimising resource 
use. The aim of economic growth has also called more 
attention in the general definition of circular economy; 
the first research of Kirchherr et al. (2017) identified no 
meaningful mention of economic growth, while in 2023 
around 15% of the definitions included it (Kirchherr et 
al., 2023). On the other hand, circularity in agriculture 
also aims to improve economic resilience due to the pro-
tection of the environment, which in turn brings social 
benefits in food security and protects human health. 
Indeed, about 70% of the documents that mention sus-
tainability as the objective of circular economy applied 
to agriculture also include social aims. The inclusion of 
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social aims is an improvement in comparison to docu-
ments revising the general definition of circular econ-
omy (El Wali et al., 2021; Kirchherr et al., 2017, 2023; 
Murray et al., 2017).  

Summarising the relationship between circular 
economy in agriculture and sustainability, we conclude 
that the circular economy supports an embedded sys-
tems approach to sustainability, aligning with other 
concepts in the EU political agenda, like the EU Bioec-
onomy strategy (Viaggi, 2019). Hence, it requires pass-
ing from the three-pillar structure of sustainability to an 
embedded system approach, which has sustainability of 
the biosphere as a base, enclosing society, and sequen-
tially, economy (Fritsche et al., 2020). On the other 
hand, even though sustainability aims from the circular 
economy are extensive, equating these aims with quanti-
fiable relationships is not straightforward. Shadow prices 
could play a crucial role in reflecting the impacts of cir-
cularity on sustainability, going beyond economic gains 
to environmental and social effects that are scarcely 
measured. Water pollution is an example where calcu-
lating shadow prices could reflect the advantages of cir-
cularity. Koundouri et al. (2014) highlight that reliable 
pricing data for natural resources is scarce, and by esti-
mating the shadow price of groundwater, policymakers 
could design pumping taxes that encourage farmers to 
reduce groundwater pollution and aquifer depletion. 

Shadow prices are rarely applied in agricultural 
policy decisions, contributing to the failure to achieve 
environmental objectives (Huhtala & Marklund, 2008; 
Mamardashvili et al., 2016). Mamardashvili et al. (2016) 
explain that the high costs of pollution abatement in 
Swiss farms pose significant political challenges to 
implementing effective nitrogen surplus taxes. Further-
more, Huhtala & Marklund (2008) found that farms act 
within the manure application limits, therefore, shadow 
prices are very high. High shadow prices suggest that 
innovative circular economy practices may be necessary 
to face persisting environmental issues, particularly for 
intensive animal breeding where manure management 
remains challenging.

While shadow pricing of environmental impacts has 
been explored to a wider extent, its application to social 
aspects remains limited. Ait Sidhoum (2018) made an 
initial attempt to quantify social outputs from agricul-
tural production technologies in the EU. The results 
suggest that social outputs - like consumer health, food 
security, local economic stability, rural community cohe-
sion, and employment retention - have positive shadow 
prices, aligning with farmers’ private interests; however, 
subsidies may be necessary in efficient farms that tend to 
prioritise private gains over social and public goods.

The definition of circular economy applied to agri-
culture proposed at the end of section 3.2 is driven by 
a wider consensus in principles and aims in comparison 
to the general definitions used for the circular economy. 
Previous research found a lack of agreement in the liter-
ature about the concept of circular economy (Kirchherr 
et al., 2017), with interpretations depending on the inter-
ests of its users (Korhonen, Nuur, et al., 2018). Aiming to 
simplify the diversity in definitions, the principles were 
classified into the 3R’s and sustainable design strategies 
– i.e. eco-design, nature-inspired design, and cradle-to-
cradle (Prieto-Sandoval et al., 2018). However, in con-
trast to the opinion of Kirchherr et al. (2023) who fear 
that industry-specific studies will constitute a barrier to 
the broader applicability of the circular economy, we see 
that the focus on the agricultural sector facilitates agree-
ment in understanding the framework while targeting its 
application to industry-specific resources. 

Our results also suggest that the consensual defini-
tion of circular economy applied in agriculture coincides 
with the latest general definition of circular economy, in 
using recycling and reusing as principles, and sustain-
ability as the main aim (Kirchherr et al., 2023). Fur-
thermore, our research identified that in agriculture, the 
social pillar of sustainability is commonly cited, in com-
parison to the general definition of circular economy. 
The increased use of the principle of regeneration was 
also noted in the general definition of circular economy 
applied in agriculture (Kirchherr et al., 2023).

4.3. Circular bioeconomy concept and its relationship with 
circular economy in agriculture

We conclude that circular economy in agriculture 
may be considered overarching and synergistic to circu-
lar bioeconomy. This means they are not interchangeable 
terms, despite the common undifferentiated use. This 
confusion may be driven by the roots of the concepts: 
circular economy was mostly focused on urban contexts, 
while bioeconomy was defined for rural areas (D’Amato 
et al., 2017). Nevertheless, circularity in agriculture 
includes processes that involve non-biological cycles, 
such as the prioritization of local inputs and the efficient 
use of synthetic materials (Velasco-Muñoz et al., 2021). 
Circular economy applied in agriculture should have 
a synergistic effect on bioeconomy by promoting the 
efficient use of resources, hence making biomass avail-
ability and use sustainable. While cascading is not men-
tioned by more than 60% of the definitions of circular 
economy applied in agriculture, the term is essential in 
circular bioeconomy definitions. This is due to the belief 
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that cascading is the most effective way to close the loop 
when managing biomass. 

The cascading use of biomass is considered a way to 
claim circularity and sustainability according to policies, 
as it protects natural capital and the provision of ecosys-
tem services. Policies promoting the circular economy 
recognise that cascading can maximise sustainability by 
first using residues to enrich soils, leaving energy pro-
duction as a lower value option (Ministero della Tran-
sizione Ecologica, 2022). Policymakers also mention the 
role of cascading in promoting efficient resource use 
(European Commission, 2015). 

Indeed, the synergy between circular economy 
applied to agriculture and circular bioeconomy is nec-
essary to achieve the sustainability expectations of 
both terms. They are complements, as was suggested 
by D’Amato et al. (2017). Both models target sustain-
ability improvements and tackling climate change. How-
ever, circular bioeconomy tends to focus on economic 
and environmental aims, while societal outputs are 
overlooked due to the technical focus of the framework 
(D’Amato & Korhonen, 2021), confirming the weakness 
of a technology-based approach versus a socio-ecological 
one (Priefer et al., 2017). Finally, both target economic 
growth. Nevertheless, sustainable economic growth is 
still a contested benefit from these frameworks, as the 
literature explains that their aims may be contradictory, 
resulting in weak sustainability (D’Amato et al., 2017; 
Murray et al., 2017; Tomaselli et al., 2017). Complete 
assessments of the economic, social, and environmental 
results from the application of these concepts may bring 
a clearer idea of their limitations.

Policy documents about circular economy and cir-
cular bioeconomy collect information from scholars 
and practitioners about the principles, strategies, and 
sustainability aims of these approaches, but raw concep-
tualizations of these terms, which focus only on tech-
nical aspects, may mislead from the expected benefits. 
Alternatively, technical limitations should be mentioned 
more clearly in policies to make their expectations more 
credible. As recognized by Kirchherr et al. (2023), when 
defining circular economy academics, policymakers, and 
the private sector each can obtain benefits from learning 
from the other.

5. CONCLUSIONS

In this paper we intended to construct a consen-
sus concept of circular economy applied in agriculture. 
We found that the vast majority of literature, including 
academics and practitioners, define this concept as a 

model founded on waste management through the 3Rs, 
which expects to achieve sustainability in its three pil-
lars through the regeneration of nature. The concept of 
circular economy applied in agriculture can benefit from 
the circular bioeconomy approach that prioritizes the 
cascading of biomass to achieve high efficiency when 
striving towards zero waste. Furthermore, generalized 
guidelines on the meaning and application of circular 
economy are needed to avoid deviations from the sus-
tainability objectives towards merely technical or eco-
nomic interests. Future economic, social, and environ-
mental wellbeing may depend on the application of cir-
cular economy practices, therefore, continuous advance-
ment in solving the main barriers to this framework is 
fundamental, together with adequate tools to follow up 
on the progress toward circular economy aims. None-
theless, we must remember that circular economy is not 
the panacea to achieve all possible sustainability solu-
tions, but a beneficial framework, when properly applied 
according to the needs and capacities of each location.

Our study identified needed directions of future 
research, which mainly relate to the measurement of the 
application and benefits of circular economy. A constant 
question concerns whether the broad strategies and aims 
of the circular economy can be achieved. In this context 
and considering the increasing promotion of the circu-
lar economy in EU regulation, we discussed the rela-
tionship between the definition of circular economy in 
agriculture, policies, and measurement tools needed to 
assess policy objectives. Existing research has centred 
on assessing specific aspects guided by policies and new 
technologies, such as energy production from biomass, 
leaving aside fundamentals of circularity like an exhaus-
tive measurement of waste. Furthermore, evaluating the 
environmental and social damages of production and 
the counteracting power of circular economy remains 
a challenge for which frames of evaluation, like shadow 
prices, need to be extended.

A limitation of this study is the use of only one data-
base for the literature review. We chose the Scopus data-
base from Elsevier because it is an internationally rec-
ognized source that includes a vast number of scholarly 
articles, but more information to enrich this study could 
be obtained from other popular databases. Furthermore, 
having a single researcher carry out the coding pro-
cess carries potential interpretative bias. Although we 
applied a structured coding protocol within NVivo and 
engaged in continuous peer discussions to mitigate this 
risk, future studies could enhance reliability through 
inter-coder agreement measures. Moreover, we did not 
include external experts during the construction of the 
coding framework. Expert opinions may further improve 
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the understanding of the common aspects expected from 
the concept of circular economy. Finally, we recognize 
that the definition of circular economy in agriculture is 
a changing concept, which will be affected by new tech-
nologies, practices, and expectations, but we hope that 
this research serves as a starting point for more syner-
gies in the theory and practice of this concept. 
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