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Abstract 

Agroecology transitions require institutional innovations that can reshape governance arrangements 

and actor coalitions to deliver positive socio‑ecological feedback. It is still unclear how such 

transformations can take root in highly specialised European agrifood systems, where market 

concentration and path dependency constrain change. Biodistricts are examples of territorial 

initiatives that integrate organic farming with participatory governance. Although they have gained 

prominence, there is insufficient understanding of their underlying socio‑ecological mechanisms. 

This study provides evidence from the Chianti Biodistrict (Tuscany, Italy), a bottom‑up governance 

innovation that has emerged within a specialised, export‑oriented viticultural landscape. Ostrom’s 

socio‑ecological systems framework is applied to the case study through qualitative empirical 

methods, within the frame of a 4-year participatory research project. The analysis aims to show how 

multi‑actor coalitions configure deliberation spaces; co‑design strategies; and foster the adoption of 

practices such as interrow cover, composting hubs, and collective pest monitoring. The findings 

highlight four mechanisms that enable systemic redesign: coalition mobilisation; reconfiguration of 

the linkages among resource systems, resource units, actors, and governance system; ecological-

institutional feedback loops; and the mitigation of structural lock‑ins through coordination and 

stronger knowledge systems. These findings advance understanding of biodistricts as institutional 
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innovations and show the value of the socio‑ecological systems framework as both an analytical lens 

and a boundary object for participatory territorial governance research. Theoretical grounding and 

anchoring to theoretical propositions support analytical generalisation and clarify conditions for 

transferability to other likewise (European) agroecology initiatives. 

 

Keywords: socio-ecological system, agroecology, institutional innovation, biodistrict, territorial 

governance. 

JEL codes: Q10, Q18, Q19. 

 

Highlights: 

• Ostrom’s socio-ecological systems framework is applied to analyse the Chianti Biodistrict as a 

governance innovation fostering agroecology, using qualitative methods and participatory 

research to explore systemic redesign in a specialised, market-oriented viticultural context 

• Civic leadership, public brokers, and advisory actors co-created strategies, enabling agroecological 

practices (interrow cover, composting hubs, and pest monitoring) and integrating ecological 

improvements with policy and market instruments through feedback loops that sustained change 

• Territorial governance tools (integrated plans, thematic groups, and a helpdesk) created enabling 

conditions for experimentation and learning, linking ecological practices with institutional and 

economic innovations to operationalise territorial agroecology 

• Research and policy should strengthen advisory capacity, bridge research-practice gaps, and 

design flexible, actor-driven governance frameworks to overcome systemic lock-ins and enable 

territorial strategies for scaling agroecology. 
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1. Introduction 

 

Many prevailing agricultural systems are structurally tied to logics that perpetuate 

environmental and social problems, demonstrating significant resistance to more sustainable 

approaches like agroecology (Sherwood et al., 2016). Institutional failures, such as entrenched power 

dynamics, institutional capture, and limited social capital, continue to hinder innovation in rural areas. 

Agricultural research has played a key role in advancing productivity, but its orientation has often 

aligned with dominant market priorities. This has contributed to the development of technologies and 

knowledge systems that are not always accessible or inclusive, thereby limiting innovation in areas 

such as social equity, and ecological sustainability (Bellon, Ollivier, 2018; Madureir, Torre, 2019; 

Montenegro de Wit, 2022). This context demands not only technical solutions but also institutional 
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innovations, that is, new actor arrangements (norms, rules, and tools) that reshape governance and 

networks to drive systemic change towards sustainability and market integration (Gava et al., 2025). 

This is especially true for Mediterranean farming systems that are highly vulnerable to climatic 

hazards and face growing risks of environmental degradation and productivity decline due to 

combined environmental changes (Hoegh-Guldberg et al., 2018; Mrabet et al., 2020) and socio-

economic drivers such as innovation lock-ins and the dual dynamics of land abandonment and 

intensification (Dax et al., 2021; Debolini et al., 2018; Doblas-Miranda et al., 2017; Long et al., 

2016).  

Agroecology transitions strengthen resilience by adapting practices to local socio-ecological 

contexts and rethinking market and governance arrangements to foster institutional innovation 

(Pimbert, 2025). These transitions rely on collaborative networks involving farmers, value-chain 

actors, public administrations, researchers, and consumers (Alarcon et al., 2020; Horlings, Marsden, 

2011; Teschner, Orenstein, 2021). Such networks can help territorialise agroecology through iterative 

learning and the integration of traditional, technical, and scientific knowledge (Aguilera et al., 2020; 

Méndez et al., 2016; Wezel et al., 2020). In Italy, biodistricts defined areas where organic farming is 

integrated with local governance and citizen participation, offer a concrete example of this territorial 

governance approach (FAO, 2017). The growing prominence of biodistricts (or other similar 

initiatives) also reflects the ambitions of the European Union’s Farm to Fork strategy, which calls for 

territorially grounded governance innovations able to support agroecology transitions across diverse 

EU farming systems. 

Researchers have investigated multiple aspects of biodistricts, including their potential to 

generate cross-sectoral synergies (Poponi et al., 2021), including through social innovation (Pomponi 

et al., 2026), upscale agroecology (Dara Guccione et al., 2024; Guareschi et al., 2020), and informed 

policy design (Assiri et al., 2021; Dias et al., 2021; Zanasi et al., 2020). Previous studies have 

examined governance structures and policy frameworks (Gava et al., 2025). However, important 

research gaps remain. Little attention has been paid to how biodistricts act as institutional innovations, 

by creating new rules, norms, and actor coalitions that reshape governance within socio-ecological 

systems (SES). The socio-ecological characteristics and dynamics needed to overcome systemic lock-

ins are critical to enabling biodistricts to function as institutional innovations that support agroecology 

(Assiri et al., 2021; Padró et al., 2020; Tittonell et al., 2020; Williams et al., 2024). 

This article addresses these research gaps through a case study of the Chianti Biodistrict 

(Tuscany, Italy), which has emerged through spontaneous, voluntary self‑organisation led by local 

actors rather than through top‑down policy design. It is located in the eponymous, globally recognised 

wine-producing region, which faces environmental pressures from the high agricultural specialisation 

and intensive use of hilly landscapes. Chianti provides a relevant case study to examine how a 

biodistrict can catalyse institutional change within a highly specialised and market-oriented setting, 

where governance innovation is essential to balance economic competitiveness with environmental 

sustainability. The aim of this research is to uncover the mechanisms through which the Chianti 

Biodistrict functions as an institutional innovation within a SES, and how it can contribute to 

agroecology transitions.  

Among the frameworks available for the analysis of transitions, this study adopts Ostrom’s 

SES framework (McGinnis, Ostrom, 2014; Ostrom, 2009) to analyse governance transformations, 

actor interactions, and enabling conditions, due to its emphasis on governance and the role of actors. 
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Compared with other frameworks for the analysis of transitions – such as the multi‑level perspective, 

strategic niche management, transition management, innovation systems or practice‑based 

approaches (Lachman, 2013; Loorbach et al., 2017; for agroecology-specific reviews, see El Bilali, 

2019; Ollivier et al., 2018) – the SES framework offers a diagnostic lens that allows fine‑grained 

analysis of how governance arrangements, rules‑in‑use, and actor coalitions interact with biophysical 

dynamics to shape transition pathways, especially at the territorial scale where collective action and 

social mediation unfold. Moreover, when applied to agroecology, other approaches often remain 

aspatial or overlook key biophysical drivers, feedback loops, and socially shaped behavioural 

dynamics, limiting their ability to capture the coupled social-ecological processes underpinning 

lock‑ins and transitions (Angeon et al., 2024; Ruggieri et al., 2023, 2025; Suwannadi et al., 2026). 

Building on this literature, our article contributes by using the SES focus on action situations, 

institutional change, and feedback loops to explain how biodistricts operate as institutional 

innovations within territorial agroecology, complementing and extending frameworks that primarily 

emphasise technological niches, regime shifts or innovation networks. 

Our analysis uses qualitative methods. The empirical work builds on a 4-year participatory 

research process (2018-2022) involving researchers and local stakeholders (Schwarz et al., 2022; 

Zawalińska et al., 2022). Data collection was guided by the SES framework and its adaptation to the 

agricultural sector (Marshall, 2015) and combines primary data (gathered on the ground through 

interviews for this specific research) with secondary data from related research activities under the 

same project. This article advances knowledge by (i) showing the potential role of biodistricts in 

reconfiguring governance and rules-in-use; (ii) applying the SES framework as both an analytical 

lens and a boundary object for participatory planning; and (iii) offering insights useful beyond the 

case study level for embedding biodistricts or likewise initialises into multi-actor governance 

strategies. 

 

 

2. Theoretical and analytical framework 

 

2.1. The SES perspective on agroecology transitions 

The SES framework (McGinnis, Ostrom, 2014; Ostrom, 2009) offers a structured approach 

to analyse interactions between ecological resources, actors, and governance arrangements. 

Originally developed to study common-pool resource dilemmas, this framework has evolved into a 

diagnostic tool for diverse sustainability challenges, where governance and actor agency are central 

to mitigating negative outcomes and resolving resource conflicts (Hinkel et al., 2015; Partelow, 

2018). The SES framework identifies four core subsystems: 

1. Resource system – biophysical units providing goods and services (e.g., farming 

landscapes); 

2. Resource units – tangible outputs managed and appropriated (e.g., crops, livestock, and 

water); 

3. Actors – individuals or organisations managing or influencing the resource system; 

4. Governance system – formal and informal institutions shaping decision-making and 

collective action. 
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These subsystems are embedded within broader social, economic, and political settings and related 

ecosystems, which influence and are influenced by the focal SES. 

Interactions occur within focal action situations – social spaces where actors make decisions, 

exchange goods, and negotiate rules – shaping outcomes that feed back into the system (Ostrom, 

2011). This recursive structure makes the SES framework particularly suited to studying transitions 

that require both technological and institutional change. 

Recent research has expanded SES applications to agriculture and food systems, recognising 

its capacity to integrate physical resources, market and institutional environments, and farmer 

decision-making (Vallejo-Rojas et al., 2016). Some examples include applications to land-use 

changes (Schneider et al., 2020), water quality protection (Amblard, 2019), beekeeping (Patel et al., 

2020), and smallholder resilience (Seghezzo et al., 2020). SES adaptations have involved vertical 

adjustments, refining variables within subsystems to fit sector-specific needs (Basurto et al., 2013; 

Partelow, 2018) and/or horizontal adjustments adding new subsystems or second-tier variables, such 

as technological transformation activities in agriculture (Marshall, 2015; Wohlfahrt et al., 2019). 

Institutional innovations are defined as novel arrangements among diverse actors (norms, 

regulations, and practices) designed to foster sustainable agricultural practices and market linkage 

(Loconto et al., 2017). Such innovations are essential for enabling sustainability transitions in 

agriculture, particularly through collaborative action among farmers, researchers, advisory services, 

private actors, civil society organisations, and public authorities (Gaba, Bretagnolle, 2020; Gutiérrez 

Cano et al., 2023; Jia, 2021). From this perspective, multi-stakeholder approaches can create systemic 

capacity for innovation, thus enabling the move from linear, technology-oriented to more integrated, 

system-oriented changes. This is achieved by creating a space that facilitates experimentation, 

learning, interaction, negotiation, and collective action (Bellon, Ollivier, 2018; Blesh et al., 2023; 

Schut et al., 2016). Innovation intermediaries play a key role in bridging gaps within Agricultural 

Knowledge and Innovation Systems. These actors (individuals or organisations) facilitate knowledge 

exchange, technology transfer, and learning processes, helping to close cognitive, informational, and 

systemic gaps (Gutiérrez Cano et al., 2023; Jia, 2021; Loconto et al., 2017).  

Agroecology transitions are inherently territorial, requiring coordination among local actors 

and supportive institutional changes that foster learning and co-creation of knowledge. Territorial 

governance approaches are crucial for addressing institutional failures and building social capital 

(Lamine et al., 2023; Wezel et al., 2016). European examples such as the Austrian Ökoregion and 

the French Biovallée illustrate early attempts to embed sustainability at territorial scale (Schermer, 

2006; Stotten et al., 2018; Sturla, 2021). The concept of agroecology territories refers to regions 

where agroecological practices are scaled beyond individual farms and embedded in broader farming 

systems (FAO, 2018; Padró et al., 2020; Wezel et al., 2016). In Italy, biodistricts represent a practical 

attempt to operationalise agroecology territories, by aiming to align agricultural practices with 

multidimensional sustainability goals (Pomponi et al., 2026). Over the last decade, the model (also 

known as ecoregion) has spread internationally through the IN.N.E.R. network (IN.N.E.R., 2021) and 

has been compared with similar territorial food governance initiatives in other European contexts 

(Lamine et al., 2023).  
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2.2. Theoretical propositions 

Given the above background, four theory‑driven propositions (P) guide the empirical analysis 

and enable analytical generalisation of the findings. 

P1: Agroecology transitions at the territorial level tend to emerge when cross-disciplinary 

actors form stable cross‑scale coalitions that repeatedly activate focal action situations, 

thereby reshaping rules‑in‑use and strengthening collective action capacity (Amblard, 2019; 

Blanco, 2011; Hinkel et al., 2015; McGinnis, Ostrom, 2014; Patel et al., 2020). 

P2: In a given territory, agroecological practices are more likely to change when focal action 

situations reorganise interactions among resource systems, resource units, actors, and 

governance, enabling iterative experimentation and coordinated adjustments (Basurto et al., 

2013; Marshall, 2015; Partelow, 2018; Wohlfahrt et al., 2019). 

P3: Agroecology transitions tend to stabilise when positive ecological and institutional 

outcomes generate feedback on actor perceptions and governance mechanisms, reinforcing 

shared norms, reducing perceived risks, and increasing commitment to redesigned practices 

(Hinkel et al., 2015; Landert et al., 2020; McGinnis, Ostrom, 2014; Schneider et al., 2020; 

Seghezzo et al., 2020). 

P4: Structural lock‑ins in specialised agrifood systems are more likely to be overcome when 

improvements in advisory capacity, boundary‑spanning functions and knowledge flows 

co‑occur with economic incentives that shift actor dependencies (Marshall, 2015; McGinnis, 

Ostrom, 2014; Partelow, 2018; Patel et al., 2020; Wohlfahrt et al., 2019). 

 

2.3. Empirical strategy 

This study applies the SES framework to analyse the Chianti Biodistrict as a territorial 

governance innovation supporting agroecology transitions in a highly specialised, market-oriented 

viticultural system. The framework serves a dual purpose: (i) as an analytical lens to examine how 

governance arrangements, actor networks, and rules-in-use are reconfigured to overcome systemic 

lock-ins; and (ii) as a boundary object in participatory research, offering a shared conceptual map that 

facilitated stakeholder dialogue and co-construction of transition strategies (Hertz, Schlüter, 2015). 

The analysis centres on focal action situations, such as deliberation, investment decisions, and 

knowledge exchange, where institutional innovations emerge and reshape governance dynamics. 

These interactions occur within territorial collaboration spaces, represented by the biodistrict, where 

diverse actors co-design enabling conditions for agroecology. Agroecology transitions require 

aligning technological change with governance innovation, creating synergies between biophysical 

subsystems (resource systems and units) and human subsystems (actors and governance). These 

processes depend on shifts in actor agency and are reinforced by positive outcomes, such as 

diversification strategies, new norms, and collaborative practices (Gava et al., 2025; Schwarz et al., 

2022). To support these dynamics, focal action situations must foster inclusive spaces where 

institutions, social movements, farmers, and organisations co-design strategies that integrate technical 

and institutional solutions (Tittonell, 2014; Wezel et al., 2020). The governance system plays a 

pivotal role by delivering market and policy instruments that: (i) remove lock-ins caused by path 

dependency and mitigate barriers to practice adoption (e.g., capital investment needs); and (ii) 
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leverage enabling conditions such as machinery-sharing cooperatives and premium markets for 

agroecological products (Campbell et al., 2017; Ingram, 2017; Laforge et al., 2021).  

Each SES element is characterised using second-tier variables tailored to the research aim, 

enabling a coherent understanding of the sub-systems (Eelderink et al., 2020). In this study, second-

tier variables were identified based on the relevant literature (Marshall, 2015), under an overarching 

project-wide framework (Guisepelli et al., 2018) (Table 1). 

 

Table 1. List of selected second-tier variables for application at the case study level in this research. 

Subsystems (codes) Second-tier variables 

Resource system (RS) 

Sector; clarity of system boundaries; size of the resource system; 

human-constructed facilities; productivity of the system; 

equilibrium properties; predictability of system dynamics; location; 

inputs 

Resource units (RU) 

Resource unit mobility; growth or replacement rate; interaction 

among resource units; economic value; number of units; distinctive 

characteristics; spatial and temporal distribution; marketing 

characteristics 

Governance system (GS) 

Policy area; geographic scale of governance system; size of 

population involved or affected; regime type; rule-making 

organisations; rules-in-use; property-rights system; repertoire of 

norms and strategies; network characteristics; history 

Actors (A) 

Number of actors; socio-economic attributes; history or past 

experiences; location; leadership/entrepreneurship; norms (trust-

reciprocity)/social capital; knowledge of SES/mental models; 

importance of resource (dependence); technologies 

Interactions (I) 

Harvesting; information sharing; deliberative processes; conflicts; 

investment activities; lobbying activities; self-organising activities; 

networking activities; monitoring and sanctioning activities; 

evaluative activities 

Outcomes (O) 
Social performance measures; ecological performance measures; 

externalities to other SES 

Social, economic, and political settings 

Economic development; demographics; social and cultural settings; 

political stability; other governance systems; other markets; media 

organisation; other technology and infrastructure; history 

Related ecosystems Climate patterns; pollution patterns; flows into and out of focal SES 

Source: Authors’ own elaboration based on Marshall (2015). 

 

The qualitative analysis followed a deductive coding logic derived from the SES second‑tier 

variable, nested within (first-tier) subsystems. In-depth information about individual variables are 

available from Guisepelli et al. (2018); the definitions applied in this research are available in the 

Supplementary Materials.  
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3. Data and case study 

 

3.1. Data collection 

Face-to-face interviews were conducted with actors involved in the case study’s multi-actor 

platform (MAP), a forum for co-learning and co-creation bringing together a multiplicity of actors 

(researchers, policy-makers, and civil society) (Gava et al., 2025; Zawalińska et al., 2022). These 

interviews constituted one element within a broader 4‑year participatory process of the UNISECO 

project (2018-2022), during which the MAP met repeatedly, through local and project-level 

workshops both in‑person and online, to co-design and validate agroecology transition strategies. 

Table 2 presents the subset of local MAP actors selected to characterise the SES variables in this case 

study.  

 

Table 2. Sample of the multi-actor platform respondents for socio-ecological system data collection.  

Actor category Description Number of respondents 

Public Tuscany region (local administrative organisation) 3 (of which 1 female) 

Farm and value chain* Farmers and winemakers and producer organisation 3 

Civic Environmental non-governmental organisation 1 (female) 

AKIS professionals 
Professionals in the creation and diffusion of formal 

knowledge (i.e., advisors and researchers) 

3 (advisors, of which 2 

female); 1 (research) 

Notes: Actor categories are adapted from Gava et al. (2025). *Farmers are also wine producers, including 

within their representing organisation. 

 

To guide the interviews, a structured table listing second-tier SES variables and their 

definitions was used (see the Supplementary Materials), aligning with the project-wide framework 

(Guisepelli et al., 2018). The respondents were given ample time to reflect and respond in an open-

ended format. They were not required to answer all questions. Instead, they were invited to contribute 

based on their specific areas of expertise, identifying the variables for which they could provide 

informed responses. The small sample size was appropriate for the complexity of the SES variables 

and the need for expert participation (McDermott, 2023). Most engaged actors requested additional 

time due to the complexity and level of detail required. The respondents could consult relevant 

documents to verify or elaborate on their responses. Following the interviews, each respondent 

received the data collection table via email, including variables and definitions and their preliminary 

answers, so that they could revise and/or complete the questionnaire, ensuring accuracy and allowing 

for deeper reflection. Asynchronous refinement aimed at reducing recall bias and ensure accuracy. 

To complement and triangulate the findings, the primary data from the interviews were 

supplemented with information already available from related research activities within the project 

(McDermott, 2023): 

• Integrative information to characterise GS, A, and I was extracted from (i) governance 

evaluation, using social network analysis to identify key actors and relationships (Vanni 

et al., 2019); and (ii) identification of key supporting market and policy instruments and 
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governance challenges using a mixed-methods approach based on multi-criteria 

assessment (Galioto et al., 2021) 

• Integrative information across all subsystems was extracted from the evaluation of the 

environmental, economic, and social performance of agroecological farming systems, and 

identification of sustainability trade-offs, synergies, and transition pathways (Landert et 

al., 2019). 

The discussion of barriers and enabling strategies is based on findings from a related task within the 

same project, in which the respondents identified barriers and collaboratively developed strategies to 

overcome them through cooperation, knowledge sharing, and governance innovation (Schwarz et al., 

2021a). 

The two researchers participated in all interviews (60-90 minutes each) and acted as 

facilitators and co‑producers throughout the process, drawing on insights from related project 

activities and MAP workshops to support reflection; to coordinate asynchronous exchanges; and to 

document the interviews through notes, recordings, and meeting summaries. Structured deductive 

coding was conducted jointly by the two researchers to reach a consensus, using a coding matrix to 

ensure consistency across data sources (see the Supplementary Materials, which also includes the 

final dataset). 

 

3.2. Case study 

The Chianti Biodistrict (Tuscany, Italy) was formally1 established in 2016 through a 

bottom‑up initiative led by organic producers with the support of local municipalities. Its mission is 

to promote organic farming and food chains, crop diversification, sustainable landscape and forest 

management, research and extension on organic/agroecology, and sustainable tourism. It covers 

seven municipalities across 887 km2 and is characterised by a strong landscape identity, high diffusion 

of organic viticulture in the ‘Chianti Classico’ Protected Denomination of Origin (PDO) zone, and 

active civic engagement (Regione Toscana, 2015). 

The resource system includes approximately 10,000 ha of vineyards and 5,000 ha of olive 

groves, which are the dominant land uses. Over 30% of the utilised agricultural area is organic. 

Productivity is constrained by PDO regulations for Chianti Classico wine (and Chianti Classico oil), 

which set strict yield and quality standards, and by the physical configuration of the landscape 

(terraces, dry‑stone walls, and hedgerows) that shape both ecological dynamics and production costs. 

In a context of increasing biophysical pressures, land‑use dynamics such as the expansion of 

vineyards coupled with the long‑term reduction of arable and pasture areas have contributed to rising 

soil erosion and declining agrobiodiversity. This trend has been further exacerbated by climate‑related 

 
1 In Italy, biodistricts may or may not have formal institutional recognition. Recognised biodistricts comply with National 

Law no. 205/2017 and its implementing Ministerial Decree (2022), which define their governance requirements, 

objectives, and eligibility for public support. In Tuscany, Regional Law no. 51/2019 further regulates their establishment, 

specifying criteria for recognition and embedding them within the regional rural development and territorial governance 

framework. Biodistricts without formal recognition are voluntary, self-organised initiatives created by local actors without 

a legal mandate, generally operating through associative structures such as organic farming organisations. 
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shocks, as producers seek to secure predictable wine yields to maintain competitiveness in an 

export‑oriented market. Wine accounts for more than 90% of farm net value added and benefits from 

strong branding through PDO certification and an export-oriented market. Olive oil and other minor 

products (e.g., cheese, meat, and honey) remain marginal and are primarily marketed locally, although 

PDO olive oil enjoys broader recognition due to its geographic indication. Labour demand is highly 

seasonal – particularly for pruning and harvesting – and is often met by temporary skilled workers 

(Regione Toscana, 2015). Diversification efforts, such as livestock reintroduction and the cultivation 

of grains or legumes on marginal land, are emerging, supported by agritourism, the high-end 

restaurant sector, and participatory initiatives such as living labs. 

In January 2023, the Chianti Biodistrict was officially recognised by the Region of Tuscany 

and entered into the National Registry of Organic Districts, consolidating its institutional role in 

steering an agroecology transition. Its parity‑based assembly includes seven representatives from 

organic farms and seven from municipal administrations; the presidency is held by a producer, 

reinforcing its bottom‑up nature. Strategic planning is coordinated through a multi‑year plan 

(Progetto Economico Territoriale Integrato – Integrated Territorial-Economic Plan), implemented 

via a helpdesk (Sportello Biologico – Organic Helpdesk), thematic working groups (e.g., biodiversity, 

agroecological practices, and social farming), and district assemblies that underpin participatory 

deliberation and accountability (Biodistretto del Chianti, 2022). These mechanisms and decision 

spaces, alongside the influence on normative change (e.g., municipal herbicide bans), position the 

Chianti Biodistrict as a territorial governance instrument that formalises multi-actor cooperation 

to amplify agroecology at territorial scale through participatory planning, diversified actor coalitions, 

and transdisciplinary knowledge flows (Gava et al., 2025).  

The Chianti ‘region’ is internationally renowned for its winescape, a coupled SES shaped by 

vineyards, wineries, rural architecture, cultural heritage, and tourism. This long-standing tradition of 

quality wine production attracts hundreds of thousands of visitors annually and underpins the local 

economy (Brunori, Rossi, 2007). However, the strong specialisation in viticulture has displaced olives 

and other traditional activities (e.g., semi‑extensive livestock and arable cropping), creating risks such 

as soil degradation, biodiversity loss, water pollution, depopulation of remote areas, and real‑estate 

pressures within the SES and related ecosystems. These challenges prompted collective action on 

land and landscape management, supported by civic engagement and regional instruments (e.g., rural 

districts and biodistricts) to promote diversification and local food systems (Simoncini, 2011). The 

Chianti Biodistrict addresses these systemic risks by seeking to rebalance economic competitiveness 

with ecological stewardship through coordinated redesign of farming practices and governance 

arrangements. While actor networks and governance structures have created enabling conditions for 

agroecological practices, persistent barriers – such as limited advisory capacity and structural lock‑ins 

linked to wine dependence – have constrained the uptake of more advanced practices. In response, 

Chianti Biodistrict actors have progressively agreed on targeted strategies (e.g., machinery rings, 

shared composting facilities, and policy adjustments) that triggered feedback loops, where ecological 

improvements reinforced collective norms, fostering iterative adaptation essential for sustaining the 

transition. 
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4. Results 

 

Figure 1 shows how the SES framework was operationalised in practice through the 

characterisation of subsystems, by highlighting the systemic interdependencies underpinning the 

ability of the Chianti Biodistrict to foster agroecology transitions. Table A.1 provides a summary of 

the findings by subsystem. 

 

Figure 1. Socio-ecological system dynamics within the Chianti Biodistrict (Tuscany, Italy). 

 

 

The analysis presented in this section focuses on actor‑mediated dynamics across the SES, in 

line with the four propositions presented in Section 2.2. Table A.2 supports this analysis by 

systematising how different SES subsystems contribute to focal action situations, the interactions they 

enable, and the resulting outcomes, including key feedback loops, drivers, barriers, and resolution 

strategies at subsystem level. This section is organised around the four theoretical propositions, using 

the SES framework to examine how context‑specific empirical patterns in the Chianti Biodistrict 

operationalise and substantiate these propositions. 

 

4.1. Who mobilise the SES (P1)? 

Under the SES perspective, actors and governance systems enter action situations as inputs 

and are themselves reshaped by outcomes, through feedback (Hinkel et al., 2015; McGinnis, Ostrom, 
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2014). In the Chianti Biodistrict, three actor groups (Table A.1) repeatedly activated and coordinated 

cross-subsystem interactions (A ↔ GS → I → O, with feedback to A and GS), thereby 

operationalising the conditions (P1) whereby stable cross‑scale actor coalitions reshape rules‑in‑use 

and redistribute coordination capacity across the SES (Table A.2). 

• Civic leadership (the Chianti Biodistrict Association) functioned as a focal 

node convening organic and conventional farmers, municipalities, advisory services, and 

associations (environmental, organic farming, and consumer). It translated a diffuse 

concern towards the protection of the traditional winescape into collective decision-

making (the Integrated Territorial-Economic Plan, the Organic Helpdesk, thematic 

working groups, and district assemblies), thus structuring deliberation, information 

sharing, self-organisation, and networking within focal action situations. Civic actors 

contributed to shifts in collective norms and coordination rules, by structuring deliberative 

arenas across focal action situations. These findings align with comparable territorial 

coalitions and civic coordination initiatives (Amblard, 2019; Blanco, 2011). 

• Public brokers (Tuscany region and municipalities) reduced coordination costs by 

aligning local initiatives with regional instruments (district plans and forestry rules) and 

by recognising the Chianti Biodistrict (2023), thereby institutionalising rules-in-use at 

collective/constitutional levels to support agroecology at territorial scale, in line with GS 

characteristics (Table A.1). These actors aligned incentives and formal recognition, 

modifying constitutional‑level rules, reducing transaction costs and enabling new 

interaction patterns. This mirrors cases where multi-level governance couples incentives 

and rules for ecosystem services (Bennett, Gosnell, 2015). 

• Advisory and knowledge actors (local advisory service and experimental station, 

universities) acted as boundary spanners by integrating scientific evidence and local 

know-how to operationalise agroecological practices (e.g., inter-row cover, 

threshold-based pest control, and compost protocols), while mediating conflict and risk 

perceptions across heterogeneous interests (e.g., organic vs conventional farmers), similar 

to related research (e.g., beekeeping systems; Patel et al., 2020). The boundary‑spanning 

role of these actors transformed actor perceptions and reduced conflict, enabling rule 

adoption and behavioural change across heterogeneous groups. 

 

4.2. What changes in practice (P2)?  

Focal action situations are structured towards the identification and implementation of key 

agroecological practices. Each focal action situation below exemplifies how governance and actor 

agency reconfigured RS-RU-A-GS linkages (building on subsystem characteristics; Table A.1) 

through iterative experimentation and coordinated adjustment, to produce outcomes and feedback 

(distinguishing provisioning [i.e., creating/maintaining collective goods] and appropriation [i.e., 

activities that subtract from a stock]; Table A.2) (Hinkel et al., 2015). 

• Inter-row cover and soil protection (centred on provisioning: RS ↔ A, with 

appropriation-linked co-benefits): Advisory-led demonstration and peer learning 

enabled site-specific grass mixes and mowing/rolling regimes, provisioning soil functions 

(erosion control and water retention) as a collective good at field and landscape scales. 
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Short-term yield reductions were offset by quality gains and lower external inputs; visible 

ecological improvements reinforced norms and lowered perceived risk (O → A feedback), 

as observed for broader land-use/ecosystem services/well-being linkages (Schneider et 

al., 2020). Repeated cycles of demonstration and peer learning supported changes in actor 

mental models, which were translated into revised operational rules and reinforced 

practice adoption through positive ecological feedback; 

• Collective pest monitoring and decision support (GS ↔ A ↔ RU): Shared weather 

stations, harmonised field observations, and epidemiological bulletins replaced calendar 

spraying with threshold-based decisions. The local governance contributed, by 

co-financing infrastructure, harmonising protocols, ensuring homogeneous data 

processing across micro-climates, thereby enabling a reduction of pesticide pressure 

without compromising quality and generated a learning loop from observed efficacy to 

broader adoption (O → GS feedback), as shown in similar research to improve 

ecosystem-service governance (Bennett, Gosnell, 2015). Standardised protocols and 

co‑financed infrastructure generated rule convergence (GS → A), enabling a shift from 

individual to coordinated decision rules. 

• Composting and nutrient circularity (A ↔ GS ↔ RS): Key barriers to the widespread 

adoption of agroecological practices (e.g., lack of composting ‘starters’, high machinery 

costs, and difficult labour scheduling) were addressed via machinery rings, shared 

composting hubs (oil-mill residues and urban green biomass), and targeted training, 

thereby closing nutrient loops, increasing soil carbon, reducing burning and chemical 

inputs, and reducing the workload for individual workers. The developed organisational 

arrangements and routines supported durable cooperation as shown in related research 

(Vallejo-Rojas et al., 2016). Shared infrastructure reduced individual costs, enabling joint 

assets to restructure sourcing and provisioning behaviours. 

• Recovery of olive groves and re-entry of arable/vegetable systems (GS ↔ RS/RU): 

Restoration costs on terraces were partially mitigated via district plans and non-productive 

investments. Additionally, demand-side actors created alliances with local producers, 

especially restaurant chefs, local caterers, school procurement pilots. This action situation 

intertwines RS/RU (characterised by long‑term vineyard dominance and land‑use 

simplification; Table A.1) with transformation/exchange activities (processing, school 

canteens, and retail), endogenising value-chain processes into agri-food-systems 

(Marshall, 2015) and aligns with research calling to govern cross-sectoral 

transformations at landscape scale (Wohlfahrt et al., 2019) and to have tourism-led 

collective action (Blanco, 2011). Cross‑sector alliances linked value‑chain incentives to 

land‑use decisions, creating new feedback between market signals, rule adjustments, and 

agroecological practices. 

 

4.3. How actors and coalitions produce desired outcomes (P3)? 

The following findings show how in the Chianti Biodistrict case study, positive ecological 

and institutional outcomes feed back into actor perceptions and governance arrangements through 

actor coalitions and rule configurations, thereby reinforcing systemic change (Table A.2). 
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• Improved ecological performance: Farms adopting a broader set of agroecological 

practices demonstrate markedly superior environmental performance compared with those 

implementing only a few sustainable measures or conventional systems. In particular, they 

exhibit lower greenhouse gas emissions, higher soil carbon stocks, reduced toxicity, and 

improved soil quality. These outcomes reinforce the credibility of advisory 

recommendations and reduce uncertainty for more risk-averse farmers (O → A: learning 

feedback) (Landert et al., 2020). Positive environmental outcomes were associated with 

reduced perceived risks, reinforcing commitment to redesigned practices and supporting 

broader adoption (O → A → GS). 

• Economic/market effects: Wine, particularly PDO-labelled, continues to dominate value 

added, reflecting the specialised RU configuration and market structure (Table A.1). At 

the same time, the recovery of olive groves and the introduction of niche crops, supported 

by alliances with restaurant chefs, agritourism, and local farmers’ markets, have mobilised 

local demand (including from tourists), improved diversification margins, and justified 

non-productive investments. Diversification benefits and demand creation modified 

incentive structure, strengthening governance support for diversified systems (O → GS). 

These dynamics reinforce evidence on the importance of coupling governance reforms 

with targeted incentives and market coordination to sustain agroecology transitions 

(Bennett, Gosnell, 2015; Marshall, 2015). 

• Social/institutional effects: The Chianti Biodistrict assembly, the Organic Helpdesk, and 

thematic working groups played a central role in stabilising cooperation by codifying roles 

and routines, a process later reinforced by the establishment of a living lab. Regional 

recognition of the Chianti Biodistrict further strengthened its identity within the GS (Table 

A.1), unlocked access to policy instruments, and clarified its position relative to PDO wine 

and oil consortia as well as pre-existing territorial arrangements (e.g., the rural district). 

Codified roles and routines generated institutional stability, producing feedback where 

strengthened rules reinforced cooperation and collective agency. These findings 

underscore the importance of civic-public-advisory coalitions in addressing state capacity 

gaps and sustaining farmer-led pathways to agroecology transition (Seghezzo et al., 2020). 

 

4.4. What has prevented redesign and how it has been addressed (P4)? 

 The agroecology transition in Chianti has made significant progress; however, structural and 

functional barriers rooted in SES subsystems (Table A.1) highlight the persistence of lock‑ins despite 

the creation of the Chianti Biodistrict. These barriers indicate transition dynamics remain constrained, 

while the observed responses show how interventions contribute to realign rules, actor interactions 

and feedback (Table A.2). 

• Reduced diffusion of advisory capacity and fragmentation: Despite the presence of some 

advanced and long-established advisory services, expertise in agroecology, particularly 

for diversified systems, remains insufficient. Moreover, the uneven distribution of 

advisory services across the Chianti territory, much of which is remote, has slowed the 

uptake of redesigned agroecological practices. Targeted measures under the CAP Rural 

Development Programme (2014-2020), such as advice and training schemes, together 
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with advisor upskilling (including facilitation skills), have been helpful so far. However, 

a coordination backbone to connect research and experimentation with monitoring and 

advisory services is still missing and strongly needed. Fragmented advisory systems 

weaken information‑sharing rules), reducing feedback strength and slowing systemic 

change (A → weak I → suboptimal O; enhancing coordination recovers these pathways 

(GS → stronger I → improved O → feedback to GS: norms). Overcoming fragmentation 

also requires strengthening operational, collective, and constitutional rules-in-use and 

enhancing network structures and boundary-spanning roles to foster more integrated and 

effective knowledge flows (McGinnis, Ostrom, 2014; Patel et al., 2020); 

• Monoculture economics and path dependence: The strong branding and export orientation 

of Chianti PDO wine continues to bias investments towards vineyards, reinforcing 

economic lock-ins, associated with the specialised production and value‑chain 

(Table A.1). To date, countermeasures primarily driven by locally based initiatives have 

combined demand creation (e.g., school procurement pilots, alliances with restaurant 

chefs, and tourism narratives) with supply-side cooperation (e.g., machinery rings and 

shared composting facilities) to reduce risk and transaction costs associated with 

diversification. Economic lock‑ins reinforce existing rules and actor dependencies 

(RS/RU → A), but demand‑side initiatives and shared infrastructures create new 

incentives that reconfigure subsystem interactions (A ↔ RS/RU ↔ GS). These strategies 

have contributed to reconfiguring interactions among actors, resource systems and units, 

and governance arrangements, supporting the emergence of new value chains, as 

documented in related studies (Schneider et al., 2020; Wohlfahrt et al., 2019). 

 

 

5. Discussion 

 

5.1. Implications 

The SES analysis of the Chianti Biodistrict reveals how agroecology transitions can be 

embedded within territorial governance frameworks through a dynamic interplay of ecological, 

institutional, and social mechanisms. The empirical findings are consistent with established research 

directions (Ewert et al., 2023; Teixeira et al., 2018; Tittonell et al., 2020) and align with mechanisms 

observed in broader applications – for example, water governance and ecosystem services (Prost et 

al., 2023; Sachet et al., 2021; Sivini, Vitale, 2023). The transition was shaped by a systemic 

configuration of practices and relationships. In the Chianti Biodistrict case study, ecological strategies 

(e.g., interrow cover management to reduce erosion and improve soil moisture, composting hubs for 

oil mill residues and urban biomass to close nutrient loops, and shared pest monitoring systems that 

replaced calendar spraying with threshold-based decisions) were supported by inclusive decision-

making processes institutionalised through tools like the Integrated Territorial-Economic Plan, 

thematic working groups, and the Organic Helpdesk. These mechanisms enabled coordination among 

farmers, municipalities, and advisory services, fostering a governance environment conducive to 

experimentation and learning. Food processing and exchange activities (e.g., school procurement 

pilots, collaborations with restaurant chefs, and agritourism) were integrated into the territorial food 
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system, stimulating demand for diversified products and encouraging non-productive investments. 

Together, these mechanisms generated reinforcing feedback loops that strengthened ecological 

outcomes and governance adaptation. The underlying coordination and feedback logic, rather than 

the specific instruments, offers a replicable model for territorial agroecology. 

The findings contribute to governance research in agroecology transitions by showing how 

and under which conditions models of civic leadership and bottom-up governance can be formalised 

and scaled within territorial frameworks. The Chianti Biodistrict association played a catalytic role 

in convening diverse stakeholders and structuring deliberative spaces that enabled inclusive planning 

and iterative learning (Dumont et al., 2021; van der Ploeg, 2021). 

In the Chianti Biodistrict case study, public brokers, including the Region of Tuscany and 

local municipalities, were instrumental in embedding agroecological practices within multilevel 

governance structures, by institutionalising rules-in-use and aligning local initiatives with regional 

strategies. This exemplifies how agroecology transitions can be supported by policy coherence and 

administrative integration (Gliessman, 2020; Pimbert, 2025). Knowledge and advisory actors acted 

as boundary spanners, translating scientific evidence into actionable practices, mediating conflicts, 

and facilitating innovation uptake, emphasising the importance of distributed agency in SES 

governance (Goodrich et al., 2020; Vilas-Boas et al., 2022).  

This case study advances knowledge on amplification dynamics in agroecology by 

empirically illustrating how governance networks can serve as engines of systemic change (Gava et 

al., 2025). The evolution of the system was actively shaped by actor diversity, collective agency, and 

the iterative adaptation of governance rules (Schiller et al., 2020; Wezel et al., 2018). Focal action 

situations, where actors converge to address specific resource or coordination challenges, enabled the 

progressive reconfiguration of subsystem variables (Williams et al., 2024).  

This case study also highlights the role of feedback loops in sustaining transitions. Ecological 

improvements (e.g., enhanced soil conservation, pest management, and composting) reinforced social 

norms and reduced perceived risks, thereby influencing actor behaviour and governance adjustments 

(Kelinsky-Jones et al., 2023; Montenegro de Wit, 2022). These dynamics suggest that agroecology 

transitions are not linear but adaptive, shaped by reciprocal interactions between ecological outcomes 

and institutional responses across territorial contexts. 

 

5.2. Recommendations 

From a research perspective, this study reinforces the importance of methodological pluralism 

in assessing agroecological systems. Analysing trade-offs across environmental, social, and economic 

dimensions requires interdisciplinary and transdisciplinary approaches that integrate ecological 

science with social inquiry, especially by implementing participatory evaluation methods that 

promote social learning and stakeholder inclusion (Cruz et al., 2023; Rega et al., 2022; Schwarz et 

al., 2021b). 

Capacity building from individual farmers to institutional frameworks emerges as a condition 

for sustaining agroecology transitions, to ensure that innovations are demand-driven, context-

sensitive, and socially embedded. Strengthening advisory services, enhancing facilitation skills, and 

bridging the gap between research and practice are pivotal for overcoming fragmentation and 

addressing systemic lock-ins (Gutiérrez Cano et al., 2023; Helenius et al., 2020).  
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From a policy perspective, the Chianti Biodistrict experience underscores the need for public 

frameworks that can actively catalyse and amplify agroecology transitions. This involves better 

reorienting of public spending towards public goods, including advisory services, rural infrastructure, 

and participatory research (Fiore et al., 2024). Flexible, stakeholder-driven policy frameworks are 

essential to support adaptive management and the co-evolution of practices and institutions, 

particularly in contexts marked by uncertainty and diverse actor interests (Conway, 2023). The 

findings of this study support previous research by emphasising how targeted incentives; strategic 

planning; and coalitions among civic, public, and advisory actors can compensate for state capacity 

limitations and foster transitions that are both inclusive and resilient (Runhaar, 2021; Schoonhoven, 

Runhaar, 2018). This case study further highlights that procurement reforms, strengthened advisory 

systems, and cooperation‑based investments (e.g., machinery rings, composting hubs, and shared 

monitoring infrastructures) can play an important role in addressing structural lock‑ins. Enhancing 

coordination between policy instruments, local governance bodies, and producer organisations is 

critical for aligning incentives with ecological objectives. Territorial‑level policy frameworks that 

bridge public-private initiatives, reduce administrative burdens, and encourage diversified value 

chains emerge as essential levers for accelerating agroecology transition in similar contexts. 

 

5.3. Theoretical and critical assessment 

This research supports analytical generalisation along four theoretical propositions and 

clarifies the conditions under which the biodistrict model can work in other territorial agroecology 

contexts:  

• P1 – Stable civic-public-advisory coalitions can act as mobilisation structures shaping 

rules‑in‑use and coordinating collective action.  

• P2 – Focal action situations exist that allow actors to redesign RS-RU-A-GS linkages 

through experimentation and shared learning.  

• P3 – Ecological and institutional feedback is visible enough to reinforce norms, lower 

perceived risks, and stabilise adoption.  

• P4 – Efforts to overcome structural lock‑ins combine strengthened knowledge systems 

with territorial economic incentives. 

Together, these conditions highlight when the mechanisms observed in the Chianti ‘region’ are 

transferable, thus transforming the case study into a generalisable theoretical contribution on 

SES‑mediated agroecology transitions.  

In this study, the qualitative application of the SES framework offers contextual depth and a 

nuanced understanding of governance dynamics within a single case study. Theoretical grounding 

supports the generation of insights that are broadly relevant for research and policy; however, this 

design may limit straightforward generalisation beyond the Chianti Biodistrict. Although focusing 

only on this biodistrict enables an in-depth exploration of underlying mechanisms, this approach 

limits the examination of variability across contexts and the identification of amplification dynamics 

under different socio-ecological conditions. Addressing these limitations would require comparative 

designs, such as multiple case studies or counterfactual analysis with similar agroecological 

territories. 
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The use of the SES framework as both an analytical lens and a boundary object proved 

effective, but its applicability is not universal. In Chianti, actors were already accustomed to co-

creation practices and collaborative research, which facilitated shared understanding and 

participatory engagement. In less-prepared contexts, additional capacity building would likely be 

necessary to implement a similar research design and participatory strategy effectively. 

Reliance on purposive sampling and expert interviews (through the MAP), while suitable for 

capturing diverse perspectives, may introduce potential biases related to actor positionality, 

differential visibility or influence within governance networks, and uneven knowledge distribution 

across SES subsystems. To mitigate these risks, the respondents were invited to contribute only on 

variables matching their expertise and were given time to consult documentation. The research team 

systematically triangulated perspectives emerging from participatory activities with independent data 

sources generated within the same project, helping to balance dominant narratives and cross‑check 

interpretations. Asynchronous refinement further aimed at reducing recall bias and ensuring accuracy. 

Despite these mitigation strategies, some degree of perspective bias cannot be fully excluded. 

While the sample includes both male and female respondents, this study did not explicitly 

incorporate gender aspects within the SES framework, with potential gendered dynamics influencing 

actor agency, governance interactions, or the co‑production of agroecological practices remaining 

outside the scope of the analysis. Recent research has shown that gender equity is a key element in 

agroecology transitions and that women can play strategic roles in initiating and sustaining territorial 

innovations (Vizuete et al., 2025). Future (SES-based) research on agroecology transitions would 

benefit from integrating gendered perspectives to capture how differentiated roles and power relations 

shape governance and co‑creation dynamics, and from comparative analyses of territories where 

women and other vulnerable groups hold varying degrees of agency to better understand their 

influence on transition trajectories. 

 

 

6. Conclusions 

 

This study advances the theoretical understanding of agroecology transitions by 

operationalising the SES framework within a specialised, market‑oriented viticultural system. The 

analysis identifies four interconnected mechanisms linked to theoretical propositions underpinning 

systemic change: (i) the mobilisation of civic-public-advisory coalitions that activate and reshape 

rules‑in‑use (P1); (ii) the reconfiguration of RS-RU-A-GS linkages through focal action situations 

that structure practice redesign (P2); (iii) reinforcing ecological, behavioural, and institutional 

feedback loops that stabilise emerging trajectories (P3); and (iv) the mitigation of structural lock‑ins 

through combined improvements in knowledge systems, coordination capacity and territorial 

incentives (P4). These mechanisms support analytically generalisable insights suggesting when 

territorial agroecology transitions, sustained by biodistrict-like initiatives, are likely to succeed. 

Transferability depends on the presence of stable multi‑actor coalitions, institutional spaces for 

coordinated redesign, visible ecological feedback that can lower perceived risks, and governance 

capacity to mitigate structural lock‑ins. Under these enabling conditions, biodistrict‑like governance 

models can act as institutional innovations capable of orchestrating social-ecological reconfiguration 

beyond their original context. The findings also clarify how territorially anchored governance 
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innovations can concretely support the Farm to Fork ambition by enabling the amplification of 

agroecology across the European Union. Finally, this study aligns with and contributes to advancing 

the European Strategic Research and Innovation Agenda for Agroecology by providing a real‑world, 

scalable and place‑based illustration of systemic transformation grounded in socio‑ecological 

mechanisms and enabling conditions. 
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Appendix  

 

Table A.1. Summary of the characterised subsystems. 

Subsystem

s (code) 
Summary Key indicators 

Resource 

system 

(RS) 

Highly specialised wine-olive system embedded in a 

winescape; clear boundaries (seven municipalities), 

large RS with vineyard dominance; strong influence 

of human-built structures (terraces, hedges, and 

fences); productivity largely shaped by PDO rules 

rather than farming method; long-term equilibrium 

marked by loss of arable/pasture, soil degradation, 

and predictable continuation of vineyard expansion; 

inputs trending down (fertilisers, pesticides) 

• Total RS ≈ 71,800 ha (≈ 28,000 ha agri-food) 

• Vineyards ≈ 10,000 ha; olive groves ≈ 5,000 

ha 

• >30% organic UAA 

• Durum wheat yields 1-2 t/ha (vs 3-4 Tuscany 

average) 

• Vineyard yields 5-7 t/ha; olive 1-1.5 t/ha 

• N input conv. 35-50 kg/ha; organic ≈ 30% 

less 

Resource 

units (RU) 

  

  

  

RU dominated by high-value PDO wine, with olive 

oil and niche crops as minor; RU competition: 

vineyards replace other uses; small revival of grains 

and semi-extensive livestock; economic value 

heavily asymmetric (wine >90% of NVA); 

spatial/temporal patterns strongly seasonal; 

marketing channels export-oriented for wine, local 

for minor chains 

• Wine accounts for >90% of farm net value 

added 

• Grain revival <100 ha 

• Real estate prices >€5,000/m2 (tourism 

pressure) 

• RU labour strongly seasonal 

(pruning/harvest) 

Governanc

e system 

(GS) 

  

  

  

  

Polycentric multi-level system (EU-region-

municipalities-consortia-biodistrict); strong 

bottom-up governance from organic actors; 

rules-in-use include PDO constraints, GPP, 

herbicide/plastic bans, and evidence-based pest 

monitoring; high social capital but municipal 

implementation uneven; governance vision links 

agroecology and sustainable tourism; network needs 

expansion to tourism and consumer actors; recent 

formalisation of the biodistrict strengthens 

institutional mandate 

• 7 municipalities, ≈ 57,000 residents 

• >2,000 farms (≈140 organic; ≈1,800 

conventional) 

• Wine consortium covers ~96% of DOCG 

producers 

• Organic UAA ≈ 30%, rising 

• Institutional milestones: 2016 biodistrict, 

2017 rural district 

Actors (A) 

  

  

Fourteen actor groups spanning farmers, 

municipalities, region, NGOs, consortia, advisors, 

and research; strong leadership by the Biodistrict 

Committee, winegrowers’ association, consortium, 

and consultants; high dependence on wine 

(economic dominance); mental models converging 

around observation-based AE (monitoring, nutrient 

loops) but tensions persist (precision vs 

diversification); missing: consumers and tourism 

operators 

• Organic farmers ≈ 140; conventional ≈ 1,800 

• Largest AE adopters ≈ 96 ha average size 

• Wine = >90% of income; agritourism ≈ 10% 

Interactions 

(I) 

  

  

Strong farmer-driven redesign: inter-row cover, 

composting, terraces, livestock reintegration; dense 

knowledge-sharing through advisory networks, 

assemblies, producer labs; conflicts between 

ICT-driven vs AE-driven pathways; investment in 

public procurement pilots, compost hubs, machinery 

• 6-7 municipalities engaged; multiple MAP 

meetings over 4 years (UNISECO) 

• AE adopters reduce GHG from ~2054 → 

~794 kg CO2e/ha 

• Beneficial invertebrates 25% → 34% with 

AE adoption 
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Subsystem

s (code) 
Summary Key indicators 

rings; self-organisation central (biodistrict creation); 

monitoring innovations drive evidence-based pest 

management; lobbying by biodistrict and consortium 

influences regional decisions. 

Outcomes 

(O) 

  

  

  

Ecological: reduced pesticides, lower GHG, better 

soil carbon and nutrient cycling, and moderate 

biodiversity gains 

Social: labour shortages, high education levels, and 

housing pressure due to tourism 

Institutional: strengthened cooperation and identity 

via biodistrict, assemblies, and living lab 

Economic: diversification emerging but wine still 

dominant, and local chains developing 

• GHG: 2054 → 794 kg CO2e/ha along AE 

gradient 

• Carbon sequestration: -272 → -1828 kg 

CO2e/ha 

• Biodiversity (SMART): ~59%-60% 

• Tourism >700,000 visitors/year 

Social, 

economic, 

and 

political 

settings 

  

  

  

Economy strongly dependent on wine tourism; 

agriculture unusually important (11.5% employment 

vs 4% for Tuscany); demographic decline in remote 

areas; cultural identity centred on wine landscape; 

stable political context; markets dominated by wine 

brand; infrastructure adequate but uneven; territorial 

history stable except for recent biodistrict/rural 

district regulation 

• Agriculture = 11.5% of local employment 

• Per capita GDP ≈ €23,400 

• Population: 62,324 (1951) → 58,896 (2011) 

• Tourism supports 350+ firms 

Related 

ecosystems 

(RE) 

  

  

Climate change: higher temperatures (+1.4°C in 

summer 2019), drought, pest pressure (olive fly); 

pollution from agriculture, industry, and tourism; 

wildlife (boar, wolves) increasing crop/livestock 

damage; hydrology affected by abandonment and 

woody encroachment; cross-boundary flows of 

emissions and wildlife create regional-scale 

pressures 

• Summer 2019: +1.4°C, -10% rainfall 

• High wildlife pressure (boar → wolf 

presence) 

• allow land up to 48% in conventional farms 
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Table A.2. Socio-ecological system contribution to agroecology transition in the Chianti Biodistrict.  

Subsystems 

(code) 

Contribution 

to focal 

action 

situations 

Actor-

mediated 

interactions 

Outcomes 
Feedback 

loops 
Barriers/Drivers 

Resolution 

strategies 

Actors (A) 

Initiate and 

coordinate 

transition 

actions, 

enabling 

participatory 

planning and 

knowledge 

co-creation 

Farmers, 

advisors, 

and civic 

groups co-

create 

strategies, 

share 

knowledge, 

and build 

trust 

networks 

Adoption of 

agroecological 

practices, 

increased 

capacity, peer 

learning, and 

reduced risk 

Actor 

networks 

reinforce 

norms, 

enabling 

collective 

agency and 

long-term 

commitment 

Poor advisory 

capacity and 

fragmented actor 

engagement 

hinder 

transitions; civic 

engagement 

fosters change 

Strengthened 

advisory 

services, peer 

learning 

platforms, 

and inclusive 

governance 

via the 

biodistrict 

Governance 

system 

(GS) 

Shape and 

support focal 

actions 

through 

enabling 

policies and 

institutional 

frameworks 

Public 

institutions 

and civic 

associations 

co-design 

policies and 

coordinate 

multi-actor 

actions 

Formal 

agreements, 

participatory 

planning, 

policy 

alignment, 

and 

institutional 

innovation 

Governance 

adapts to actor 

agency, 

reinforcing 

enabling 

environments 

and 

responsiveness 

Fragmented 

implementation 

and lack of 

coordination; 

regional law and 

civic leadership 

foster integration 

Strategic 

planning, 

regional 

support, and 

formalisation 

of the 

biodistrict as 

an 

agroecology 

territory 

Resource 

system (RS) 

RS dynamics 

are central to 

redesign 

actions 

focused on 

land recovery 

and 

diversification 

Actors 

influence 

land use and 

resource 

management 

through 

collective 

strategies 

and policy 

tools 

Diversified 

cropping, 

reduced 

erosion, 

recovery of 

marginal land, 

and improved 

ecology 

Landscape 

identity and 

economic 

incentives 

reinforce 

sustainable 

practices 

Vineyard 

monoculture and 

land 

abandonment 

hinder 

diversification; 

local demand and 

procurement 

foster recovery 

Diversified 

value chains, 

recovery of 

olive groves, 

and 

integration of 

agroecology 

into 

territorial 

planning 

Resource 

units (RU) 

Targeted in 

focal actions 

like inter-row 

cover and 

composting to 

enhance 

ecological 

outcomes 

Farmers 

manage 

specific 

crops and 

livestock 

units with 

ecological 

practices 

and input 

substitution 

Improved soil 

fertility, pest 

control, and 

organic 

production 

quality 

Feedback from 

ecological 

performance 

informs farm-

level decisions 

and practice 

refinement 

Climate stress 

and pest 

outbreaks 

challenge unit-

level 

sustainability; 

organic demand 

supports 

innovation 

Pest 

monitoring, 

composting, 

and organic 

certification 

promoted 

through 

advisory and 

policy 

support 

 

 

 


