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Abstract: The article aims to analyze whether a larger diffusion of institutional–private co-operation
in farming systems, such as Italian food districts (FDs), is helpful in pursuing goals of sustainable
land use in agriculture. The paper focuses on the case of Lombardia in Italy, a region where this form
of public–private partnership is widespread throughout the regional territory. Combining differences-
in-differences (DiD) and propensity score matching (PSM) methods to reduce the estimation bias,
we assessed and quantified a “district effect” on the sustainable management of lands. Specifically,
using several land-use and land-use change proxies as outcome measures, we verified whether there
are significant differences in such outcomes between two different groups of municipalities: those
involved in FDs and those not. Our analysis shows that there is an “FD effect” on the persistence of
agricultural activity and, although this does not necessarily translate into more landscape diversity,
it can at least counteract detrimental tendencies such as the loss of natural elements, the loss of
landscape diversity due to intensive farming, and land abandonment.

Keywords: food districts; land-use indices; sustainability; local systems; food district effects; impact
evaluation methods; differences-in-differences; propensity score matching

1. Introduction

Over the last decades, both the common agricultural policy (CAP) and national policies
have progressively moved towards supporting governance instruments for local food
systems, aiming to encourage co-operation among economic operators and other public
and private stakeholders, such as in the case of the leader approach [1]. This shift primary
objective is to help individual firms to achieve common systemic goals at the territorial level,
since the scale, scope, and complexity of the economic and social transformation necessary
to reach higher sustainability levels of productive systems requires strict co-ordination
between economic and institutional operators.

In this paper, we empirically investigate to what extent the Italian food districts 1 (FDs),
as a contractual form of aggregation at the local level, are able to trigger effective change in
the agrifood system by encouraging changes in land uses and, more in general, a switch to
sustainable production models. Although FDs have a clear legal connotation in Italy, in this
paper, we used the term more generally, indicating different types of agricultural organized
and normative systems. Indeed, all these systems share the objectives of enhancement of
local agriculture, increasing territorial development, and increasing the role of food in the
local economy.

The literature exploring land use and its changes at the FD level is relatively scarce,
especially in Europe. Understanding development patterns and drivers of changes is rele-
vant to avoiding land overexploitation and preserving food security. This literature focuses
on determinants of land-cover changes, mainly to understand the causes of detrimental
patterns and to provide advice for addressing them [2–5]. In the Global North, the territorial
dimension enters the scientific debate prominently in the context of rural development and
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the urban–rural relationships, and focuses on the loss of ecosystem services and supply
chain disruptions [6,7].

This paper aims to check whether contractual forms of institutional–private co-
operation, such as FDs, can improve the diversity of land use in territories, as it is di-
rectly related to the sustainability of agricultural systems all over its three dimensions:
economic, social, and environmental [8]. The paper focuses on the case study of Lombardia,
a region in the north of Italy where agriculture is highly integrated into the agri-food
value chain but where there are also rural territories where agriculture struggles to survive.
These two faces of the local agri-food system have made FDs widespread all over the
regional territory, from the Po valley to the mountains nearby the national borders, as
they enhance efficiency in co-ordinating the supply chain actors involved in local (and
national) development, and, at the same time, they provide an institutional framework
within which farmers can organize their activities and market relationships. FDs can be
considered as flexible tools to allow adaptations according to the local specificities and
needs of the territorial actors.

The study estimates a “district effect” on the sustainability of land use in the investi-
gated area. Land-use diversification can be seen as a proxy of sustainable farm activity as
it improves biodiversity, but also make farms’ income more stable and less dependent on
market fluctuations, at both the area and the individual farm levels. The assessment was
carried out by using quasi-experimental methods based on counterfactual modelling. The
“district effect” was calculated as differences regarding several indicators of sustainable use
of land between the group of municipalities which are included in FDs (namely, the treated
group) and municipalities not included in FDs (the untreated group). To our knowledge,
this is an innovative approach for at least three reasons: (1) we work at the municipality
level, which is quite relevant to catch a “district effect” since it is municipalities that are
aggregated into FDs; (2) we used all the land-use indicators available at this level of analysis
units; and (3) as a result of data availability, we could compare the performances of the
area covered by FD before and after their legal settlement. The combination of these three
aspects makes our results solid and convincing in isolating a “district effect” as a sort of
catalyst in enhancing sustainable development in the area studied.

The rest of the paper is organized as follows: Section 2 is devoted to the background
analysis of the role of districts, and FDs in particular, in economic, social, and environmental
sustainability. Section 3 introduces the methodology and the data set presenting the
variables used in the model which is based on a combination of the propensity score
matching (PSM) model and a differences-in-differences (DiD) method to estimate the
average effect on the treated group (ATT). We used this mixed methodology t to solve
the sample selection bias, considering both observable and unobservable variables, and
to assess the causal impact of FDs as an organized form of local production and supply.
The main results are presented and discussed in Section 4, while Section 5 concludes, also
highlighting some policy implications of the relevance of the FD organization at the local
and regional level.

2. Background
2.1. Why Food Districts?

The growing interest in the integrated planning of food production by central and local
institutions comes from the recognition that co-operation arrangements can offer relevant
opportunities to overcome the limits of the pulverization of agricultural productions and
facilitate endogenous innovation processes in a territory [9,10]. Territorial governance is
generally seen as a critical factor in achieving adequate levels of sustainability, allowing for
the co-ordination of social learning with external actors, public authorities, or other sectors
within and outside territories [11]. More in general, the multi-level governance involving
local institutions, socio-economic actors, and local productive systems is considered a
crucial aspect in reaching a higher rate of efficiency in the protection of territories, rural
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development, and sustainability, pursuing both a long-term approach and agricultural
multifunctionality [12–15].

Therefore, in order to foster the adoption of production models that can increase
the achievement of sustainability goals through local productive activities, policies have
encouraged specific typologies of networks that are based on partnerships among public,
private, and the so-called third sector (e.g., bringing together economic operators with
local administrations, research institutions, non-profit organizations, natural reserves and
natural parks, territorial management organizations, etc.), to better address the more
general interests and promote investments consistently with the overall management of
the territory in which they operate [16,17].

The organization of the agri-food sector has been dominated by a wide range of
hybrid forms of interaction among independent firms, and many network contracts and
arrangements are used to recompose in a single process some or all the single phases in
which firms are specialized. In such a framework, FDs can be seen as a recent co-operation
instrument that can bring benefits to adopting sustainable territorial strategies.

FDs can be defined as the legal recognition of an agglomeration of firms, which are
generally small and medium in size, located in a limited and historically determined
territory. Over the years, there have been several regulatory sources and public incentives
to push the creation of FDs.

Literature on FDs and similar institutions operating in the agri-food sector and rural
areas 2 is extensive. It originated and developed in France and, subsequently, from the
1970s on, extended to many other European countries, especially Italy, where social and
economic—and later, environmental—conditions were particularly favorable. Since then,
the interest in districts has grown, considering the district model in opposition to the
vertical integration of the Fordist model, prevalent hitherto, that has been showing cracks
in turnovers, organizational capacities, and overall efficiency [18,19]. It is interesting to
note that the theoretical and analytical construction and discourse on the district model,
since its beginning, has been based on their capacity to keep together an economic, social,
and environmental dimension of development, even before the multidimensionality of
sustainable development was recognized. Another relevant consideration that has always
accompanied the analysis of districts is that their multidimensional features are adaptable
to both traditional and more conservative districts and to innovative high-tech ones, both
big and small in size, to different categories of specialization, such as food, social, touristic,
deep rural, and peri-urban, ultimately showing an excellent ductility and versatility [19].

The decline of the productivism paradigm in agriculture and the rising of the multi-
functional approach to the primary activity and farm organization, generously supported
by the new European Union (EU) common policies, has re-launched the so-called European
model of agriculture based on the small-size family farm, often part-time and producing
a differentiated outcome. Such a model has improved the economic, social, and environ-
mental role of farms within the territory, supported by a network of external economies,
by the common sharing of knowledge and experiences, long-lasting personal connections,
as well as working (sometimes informal) connections, all having effects on the transaction
costs [20,21].

FDs arise from a direct agreement between the Ministry of Agriculture and district
partnership (often in the form of a consortium company), representing the precondition to
access public support, which can be received following a collective request by the members
of the FDs. The goal is to use this financial support for investments and innovations,
ensuring sustainable growth for the applicants and the community.

2.2. Districts and Sustainability

The territorial nature of organizational forms such as FDs enhances the pursuit of
sustainable goals through the support of the economic, social, and environmental actors
at the local level, who are also the primary beneficiaries of the effects of the collective
action on sustainability [22]. Through a decentralized decision process, the territorial
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dimension represents one of the main qualifying elements of FDs. Participation and
collective consultation among institutional and local actors are essential for adjusting the use
of financial resources according to local diversity [23]. Given that it is an integrated strategy,
local public institutions, together with the local economic and social actors, are called
for interventions able to respond effectively to specific issues, including those regarding
sustainable development [24].

From the analysis of the links between sustainability and districts, it seems there are
several win–win relationships, especially when considering them compared to the well-
studied links between agriculture activity and sustainability, based mostly on trade-offs [25].
This is partly due to the nature of the districts, representing a place for institutional rela-
tionships and empowerment, but also for more informal interactions between stakeholders
and all the territorial actors [26]. Such a “fertile ground” helps to overcome the traditional
trade-offs and create and enhance connections between sustainability goals and district
strategies. Potentially, this is also favored by a context open to technological and social
innovation, improving evolutionary processes, and strengthening relationships among the
different actors [10].

The literature review shows that FDs bring with them a certain level of sensitiveness to
the issue of sustainability [26–28], partly because of their nature and organization, given the
common background they share with the long-studied industrial districts, as institutions
where communities are directly involved in the local development process [18]. Another
specific issue of districts is their intermediate institutional level between micro and macro,
which sets them halfway between the single economic operator and the institution ruling
the sectorial and territorial policies. Such a specific dimension allows districts to have a
key role in local and national governance interactions. In the case of FDs, they have a
higher dependency on public support than industrial districts, not only for the economic
but also for the social and environmental dimensions. This makes FDs as vulnerable as
many other segments of the agri-food system. One element favoring the generally positive
relationship between districts and sustainable goals is the high and continuous level of
innovation and training. This connection makes districts more open to win–win strategies
and makes linkages between goals and the three sustainability dimensions more effective.

FDs fall within the range of territorially embedded agri-food systems, which are
based upon the distinctive features of the territory and integrated with other activities
such as nature and landscape conservation, tourism, care, and education [23], from which
they stand out for being based on public–private governance as a basis for community
involvement. Table 1 shows, at a glance, the peculiarities of the district paradigm in
relation to other territorial integrated approaches. Being institutional subjects, FDs feature
more structured interactions between actors inside and outside the agri-food sector. Such
an institutional nature based on a multi-actor approach makes them somehow able to
encompass all the other approaches.

Table 1. Territorial approaches to sustainable food systems.

Territorial
Approach to Food System Definition Organization Territorial

Extension

Alternative food networks [29] Any food-provisioning practice which is
different from the mainstream food systems

Formal/
informal Undefined

Localized agro-food systems [30]

Production and service organizations
(agricultural and agri-food production units,
marketing, services, gastronomic enterprises,
etc.) linked by their characteristics and
operational ways to a specific territory

Formal/
informal Undefined
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Table 1. Cont.

Territorial
Approach to Food System Definition Organization Territorial

Extension

Agroecology
territories [26]

Territories where (a) a transition
toward sustainable agriculture based on
agro-ecological practices exists, (b) biodiversity
and resource conservation is considered, (c)
territory-linked embedded food systems exist,
and (d) stakeholders support the transition
toward sustainable agricultural and food
systems

Formal/
informal Defined/undefined

Food districts

Strategic tool aimed at fostering sustainable
territorial development, cohesion, and social
inclusion, favouring the integration of
activities characterized by territorial proximity.

Formal Defined

3. Materials and Methods
3.1. Research Design

This study aims to investigate whether being in an FD positively affects sustainable
land management at the municipal level. Using data on land use, we have calculated
several sustainability indices to estimate the impact of being part of an FD, comparing the
municipalities involved in FDs (in-FD) with those not (off-FD), using a quasi-experimental
approach 3. Under certain assumptions, therefore, land use at the municipal level has been
estimated by assuming being part of an FD as an ATT.

In general, matching procedures identify a valid comparison group, for which it
can be assumed that there are no systematic differences between comparison units in
terms of observed and unobserved characteristics which could also influence the outcomes.
Specifically, assessing the causal impact of being in an FD on land use could be flawed by
the endogeneity bias resulting from municipalities’ self-selection into FDs [31–33]. Indeed,
by selecting individuals, groups, or data for analysis without a proper randomization
procedure, we cannot ensure that the sample obtained is representative of the population
in some characteristics influencing the result measure. Hence, if we do not consider such
differences, we might mistakenly associate the estimated differences in the outcome caused
by these characteristics as treatment effect (in our case, being on-FD).

To overcome such an issue, we relied on a procedure that combines a PSM model
with a DiD method. This methodological choice was based on the consideration that, if
selection into treatment can be fully captured by observables, matching techniques such
as PSM represent a valid empirical strategy to compare the outcome value of a treated
unit (in-FD) with the outcome value of a control unit (off-FD) [34]. PSM compares treated
and untreated groups as similarly as possible in the observable characteristics, keeping
as the only difference whether they are treated or not. The individual characteristics
that distinguish treated from untreated groups are combined in such a way as to make
the two groups similar. The similarity between subjects is based on estimated treatment
probabilities, i.e., the so-called propensity scores. The propensity score range is divided
into intervals (or strata) such that, within each interval, the treated units and the untreated
units have the same average propensity score value. Following from that, observations
with the closest score values are matched. Finally, PSM estimates the effects of ATT, net of
the effects which could be derived from the heterogeneity in the observable characteristics
of the two groups compared.

However, PSM does not solve the bias derived from unobservable variables, which
could characterize the treated and the control groups differently. Specifically, suppose there
is no extensive information on observable characteristics. In that case, some unobservable
confounders that could potentially affect both the decision to become an FD member, and
the outcome of interest are omitted. Thus, we combined the procedure of PSM analysis
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with the DiD analysis, as the latter method allows us to account for such unobserved
characteristics’ presence.

The DiD approach compares the changes in outcomes over time between a treated
population (in-FD)’s municipalities and a population that is not (off-FD). This method
relies on the key assumption that, if outcomes for both participants and non-participants
in FD are tracked over a period of time, such tracking would provide a good basis for
identifying the FD effect [35]. Indeed, with double differences, the observed changes over
time for non-participants provide counterfactual evidence for participants, assuming that
unobserved heterogeneity is present and is time-invariant. The treatment effect (in our case,
being in-FDs) is determined by taking the difference in outcomes (second differences) across
treatment and control units before and after the program intervention, for the purposes of
this paper discerned by the year of establishment of the FDs (first differences).

However, as anticipated, DiD assumes that outcome trends are similar in the control
and treatment groups before the intervention and that the only factors explaining differ-
ences in outcomes between the two groups are constant over time, except for the treatment
itself. Therefore, as DiD attributes any difference in trends between the treatment and the
control group to the intervention, any other factor affecting the difference between the two
groups is not accounted for in the estimation.

In summary, the empirical methodology consisted of the following steps (Figure 1).
First, we calculated several land diversity indices (LDIs) used as outcome variables. LDIs
include land use and land-use changes in the territorial areas under study.
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Subsequently, according to the DiD procedure, LDIs and their variation in 2006–2018
(∆LDI = LDI2018–LDI2006) are calculated for each municipality. Year 2006 was set as
the reference year before the establishment of FDs, while 2018 was set as the reference
year after. The analysis was conducted only on FDs that were active for at least five
years before 2018. We then calculated the outcome variables considering the changes in
the sustainability indices’ levels for 2006 and 2018, so that ∆LDIs were used as outcome
measures. These outcomes (first differences) are then compared between FD participants
and non-participants using PSM as a comparing method (second differences).

3.2. The Outcome Variables

The first analytical step has been devoted to the identification and definition of the
indices of sustainable land management used as outcome variables. Sustainable agriculture
is generally difficult to measure due to its complex mix of environmental, social, and
economic characteristics. A “land use” approach focusing on diversity of agrarian land-
scape and variety in land-use destinations has the advantage of proxying sustainability
elements that are related to a variegate landscape (biodiversity, multifunctionality, amenity,
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etc.) [36,37] and linking them to policies affecting productive choices on the territory [38,39].
The choice of the indices to be used as outcome variables has been made by taking into
consideration their suitability in describing complexity and fragmentation in landscapes.
Above all, the choice fell on ecology landscape indices as land cover is the only publicly
available information that could allow temporal comparisons on sustainability-related
territorial features at infra-municipal scale over a sufficient time span.

For the construction of the indices, we used Qgis v 3.4, a Geographic Information
System (GIS) software, which allows data management on a spatial basis.

This study looks at land-use sustainability from an evolutionary perspective by adopt-
ing a “before–after” approach, thus determining variations that occurred in the period
of 2006–2018, an interval conveniently chosen to accommodate the establishment of FDs
(2009), on a set of indices deemed to be relevant for the paper: to highlight whether FDs
have any impact on fundamental interactions between nature and production.

The first index is the soil sealing index (SSI), which measures municipalities’ share
of sealed land, as provided by the Italian Institute for Environmental Protection and
Research [40]. The indicator estimates the increase in soil consumption by impervious
materials due to urban development and construction (e.g., buildings, constructions, and
laying of entirely or partially impermeable artificial material, such as asphalt, metal, glass,
plastic, or concrete). This provides an indication of the soil sealing rate, that is, land-use
changes from natural or cropped to artificial (urban) land use 4.

Sealed soils loose several of their ecological functions, leading to altered environmental
quality and reduced ecosystem services [41] and adversely affecting urban climate and
runoff [42–44]. The growth of impervious areas can be thus seen as an indicator of land
degradation [45].

The annual indicator is presented as hectares of the total yearly sealed land over the
total surface of each municipality. Then, the differences between the two annual indicators
(SSI2006 and SSI2018) are calculated and used as the outcome variable in the model.

Land-use and land-cover change data were obtained from Lombardia’s DUSAF 5 [46],
a multi-temporal, CLC-based, and freely accessible geographic database of land-use types.
It has been used to calculate the landscape metrics at the municipality level.

The Sharpe Index (SI) describes the transformation in agricultural land use that oc-
curred over time in the analyzed area and then applied to individual agricultural land
classes. The index takes a positive or negative value depending on whether there is an
increase in the same type of use or a reduction in the class. Formally:

SI =

(
pk2 − pk1

t2 − t1

)
S

(1)

where: pk1 = area of the single land-use class in year t1 (2006) expressed in hectares;
pk2 = area of the single land-use class in year t2 (2018) expressed in hectares; and S = total
surface of municipality expressed in squared kilometers.

The SI shows the overall agricultural area variations in the analyzed period at the
municipality level and the variation in the composition of the farmland that occurred in
each municipality. The latter shows whether the area for crops considered more favorable
to the environment (e.g., permanent crops, woodlands, and extensive arable crops) has
increased or not, bringing environmental benefits in the analyzed territories. Specifically,
land-use change from annual to perennial crops is generally considered environmentally
beneficial for several reasons, such as protecting against soil erosion, conserving water and
nutrients, storing more carbon below ground, and building better pest tolerance [47].

Another outcome variable we used in the model is the presence of hedges in the
area to proxy farmland management for biodiversity. The hedge density index (HDI) was
calculated as the ratio of the length in linear meters of the hedges (HL) present in the area
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to the total agricultural area of each municipality, in hectares. The bigger it is, the greater
the discontinuity of the landscape. The formula is as follows:

HDIit =
HL

total municipality agriculture
(2)

HDI values have been calculated separately for the years considered in the analysis
(2006 and 2018) to assess its variation.

∆HDI2018–2006 =
∆HL2018–2006

Municipal Area
(3)

Linear landscape elements such as hedges may provide habitats and enhance habitat
connectivity for different organisms. One reason for the recent species loss is the increasing
area of arable fields, involving rapid habitat changes within a year, and the destruction of
stable semi-natural habitats such as hedgerows [48]. In agriculture, landscape hedges can
increase the habitat connectivity among forest habitats, providing corridors and habitat
patches for forest species or refuges for open-habitat species [49,50].

The edge diversity index (EDI) is used to measure landscape diversity changes in FDs.
It reports landscape fragmentation as the ratio between the total perimeter of a given land
use (class i) in meters on the entire area expressed in hectares of the same land (use class i).
The higher its value, the more fragmented the landscape.

EDIit =
total perimeter classit

total area classit
(4)

Therefore, its variation in the time span considered is given by:

∆EDI2018–2006 =
∆Total Perimeter Classi,2018–2006

∆Total Area Class i,2018–2006
(5)

The landscape diversity is inversely proportional to intensive agricultural activities.
Besides the ecological and social values, more diverse ecosystems appear more productive
and stable than more homogeneous landscapes, also affecting the economic component
of sustainability. Landscape structural heterogeneity is critical for agroecosystem stability
and profitability, as shown in the studies on the relations between crop productivity and
landscape diversity [51,52].

Finally, two other indices were calculated to proxy landscape diversity. Amongst
the most popular metrics used to quantify landscape composition, Hill’s index describes
the richness of landscape diversity, and Shannon’s predominance index emphasizes the
evenness component.

The Hill diversity number (HDN) reports the amount of land use contributing to the
diversity of a given landscape. The higher it is, the more diverse the landscape is. Both
general and agricultural HDNs were measured, considering all land and agricultural uses.
In formula:

HDNi = e−∑ (
ni
N ) ∗ log (

ni
N ) (6)

where: ni = share of the i land-use class expressed in hectares; and N = total surface of
municipality expressed in hectares.

∆HDN2018–2006 (7)

The Shannon dominance index (SDI) reports the degree of predominance of one type
of land use over all other types, allowing for evaluating the area’s landscape simplification.
The SDI is calculated such that the higher it is, the lower the complexity of the landscape.
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Two different SDIs were calculated to take into account all land uses (including urban) and
just agricultural land use. The formula is the following:

SDI = log (ni) + ∑
(ni

N

)
∗ log

(ni
N

)
(8)

where: ni = the area for the specific class of land use (hectares); and N = the total area
(hectares); with ∆SDI2018–2006 describing its changes in the time span.

3.3. The Study Area

The study was conducted in the Italian region of Lombardia, a densely populated
region in the north-west of Italy. It is studied here for three main reasons: the high human
and economic pressure on natural resources, the intensive agricultural activity, especially
in the plains, and the wide diffusion of FDs (Figure 2). FDs operate within a specific
socio-economic and territorial context, on one hand, in the river Po valley at the foothill
of the Alps, characterized by a high degree of urbanization, together with a large share
of specialized arable land, and, on the other, in mountain areas that have experienced
depopulation and land abandonment.
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Figure 2. Distribution of the food districts and bio-districts focused on by the present study in the
Lombardia region.

High immigration rates and economic growth have caused a fast-growing urban–rural
expansion, mainly through land conversions from farmland and forest land into built-up
areas. The sealing rate of its territory is among the highest in Italy. In 2020, about 800
hectares of regional land were transformed from agricultural or natural lands to sealed
areas [40]. Services and industries are the main economic activities, contributing to about
73.3% and 18.8% of the regional value added (VA), respectively, while agricultural value
added contributes only 1% [53].

Lombardia has recognized, due to a specific regional law, 17 FDs, divided into
three categories:

- Rural districts: local production systems characterized by a homogeneous historical
and territorial identity resulting from the integration of agricultural and other local



Systems 2023, 11, 283 10 of 16

activities, as well as the production of goods or services linked to traditions and
natural and territorial vocations;

- Quality agri-food districts: local production systems characterized by a significant eco-
nomic presence of agrifood business, often enjoying some geographical denomination
or listed as typical products of the region;

- Supply chain districts: highly sector-oriented specialized production systems charac-
terized by solid integration among operators and with a significant economic repre-
sentativeness at the sectorial and regional levels.

Three bio-districts 6 (Bio-distretto della Val Camonica, Bio-distretto della Valtellina,
and Bio-distretto Sociale di Bergamo) are also active in the region. Although not yet ac-
knowledged by regional regulations, the three bio-districts adhere to a private disciplinary
drawn up by the Italian Association of Organic Farming (AIAB) and have already led some
meaningful initiatives to develop the local supply chains.

Ten districts out of twenty were selected for the analysis. Supply chain districts were
discarded because it was impossible to link them to any municipality, as they are based
on sectors instead of territories. The analysis also excluded one FD and two bio-districts
because their establishment date is too close to the upper time limit of the analysis (2018).
Two more FDs have been discarded because it was impossible to determine their territory
of reference. The remaining 10 FDs entered the analysis, as illustrated in Figure 2.

Among the tasks assigned to FDs by regional legislation, safeguarding territories and
landscapes through agri-food activities is particularly relevant. Other tasks are related to
the promotion of local agricultural products, the development of the supply chains through
logistic support and co-operation, and the enhancement of the environmental performances
of local farming systems. Moreover, they are entitled to act on behalf of the members in
some administrative areas (e.g., the planning and management of the EU and national
financial support).

The management of urban–rural and mountain–lowland conflicts, as well as possible
integrations, are also part of the goals of FDs, not just because most of them lay over the
urban–rural fringe surrounding Lombardia’s main cities but also because relationships with
urban areas shape market strategies, supply chain logistics, and consumers’ involvement.
Nevertheless, this specific function must deal with detrimental tendencies such as expand-
ing rural areas, intensifying agricultural activities, and expanding secondary woodlands.
Conflicts reverberate first and foremost on land use and result in agricultural soil loss in
urban areas. In contrast, in rural areas, there is a loss of diversity in the landscape mosaic
due to both sealing and the abandonment of agricultural activities. Moreover, specific
land uses are connected to ecosystem services [55]. The preservation of agricultural spaces,
especially those that are more extensive, is entirely within the remit of districts.

In the districts’ partnerships, the inclusion of local administration should guaran-
tee that conflicts are appropriately addressed by planning and local policies (e.g., green
public procurement) and by integrating different tools with those deployed at higher
territorial levels.

3.4. The Matching Procedure

As mentioned above, the comparison procedure between the two groups was carried
out in a mixed way. First, DiD approach was used to calculate the differences in the
indices between 2006 and 2018 and a t-test was used to estimate the ATT by means of the
first differences reported between the in-FD municipalities and those off-FD. The STATA
software, SE 17 version, was used to apply these methods.

The PSM procedure was also used to improve the estimations and check for possible
sample selection bias due to heterogeneity of the municipalities. In this case, we first ran
the logistic regression model to estimate the propensity score of municipalities, using as
dependent variable the participation of municipalities that are on-FD (1 = in-FD, 0 = off-FD).
The propensity score was then used to create comparable groups between in-FD and off-
FD municipalities.
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For the similarity between groups, two variables were used as proxies of the munici-
pality heterogeneities in the economic and environmental characteristics. The first variable
measures the distance of each municipality from the nearest provincial capital 7. The prox-
imity of the municipality to metropolitan cities affects both the probability of municipalities
being involved in agricultural and rural districts and the outcome measures, as it has
crucial effects on the agricultural and natural use of the land due to the high competition
between agricultural and urban uses, as well as affecting the local agri-food system at large.
This variable was calculated as the mean of the linear distance between the centroid of
each municipality and the centroids of each provincial capital. We also used the altimetric
classification (mountain, hill, and plain) of municipalities [56] as independent variable in
the logistic regression, to take into account the difference in land-use opportunities and
landscape diversity between municipalities.

We used nearest neighborhood matching (NNM) as a matching algorithm, the most
common form of matching applied [57,58]. It involves running through the list of treated
units and selecting the closest eligible control unit to be paired with each treated unit.

Figure 3 shows the municipalities used in the PSM procedure, indicating the treated
groups with borderlines and the scoring points with different color graduations. The
municipalities not included in the comparison are in white.
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4. Results and Discussion

Tables 2 and 3 report the results of the two matching procedures. In the Table 2, the
results derived from the application of the DiD approach are displayed: the first differences
(before and after the establishment of FDs) for the treated and the control groups and the
second differences (ATT estimations), showing the two-sample Student’s test for continuous
variables to detect the statistical significance of differences between the means. Table 3
reports the results of the mixed procedures, where the ATT was estimated by comparing
treated and untreated groups according to the PSM method.
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Table 2. Differences-in-differences (DID) results.

Outcome Variables Treated Controls ATT Statistical
Significance 1

SI total 0.24 −0.04 0.28 ***
SI arable crops 0.01 0.00 0.01 ***

SI permanent crops 0.39 0.05 −0.34 ***
SI wood arboriculture 0.00 −0.01 0.00
SI woods and forests 0.06 0.16 −0.10 ***

EDI −176.47 −360.80 184.33 ***
HDI 0.66 −0.01 0.67 ***

HDN total −0.62 −0.38 −0.24 ***
HDN agriculture 0.18 0.27 −0.08

SSI 0.73 0.59 0.14 ***
SDI total 0.13 0.11 0.01

SDI agriculture 0.15 0.06 0.10 *
1 Significant level: *** p < 0.01 and * p < 0.1.

Table 3. Differences-in-differences (DID) with nearest neighborhood matching (NNM) results.

Outcome Variables Treated Controls ATT Statistical
Significance 1

SI total 0.24 −0.03 0.26 ***
SI arable crops 0.01 0.01 0.00 **

SI permanent crops 0.39 0.03 0.36 ***
SI wood arboriculture 0.00 −0.02 0.01 *
SI woods and forests 0.06 0.15 −0.09 ***

EDI −176.47 −326.69 150.21 **
HDI 0.19 −0.08 0.26

HDN total −0.62 −0.46 −0.16 *
HDN agriculture 0.18 0.21 −0.02

SSI 0.73 0.54 0.19 ***
SDI total 0.13 0.11 0.01

SDI agriculture 0.15 0.06 0.10 **
1 Significant level: *** p < 0.01, ** p < 0.05, and * p < 0.1.

The total Sharpe index indicates the annual change of agricultural area over the total
municipality areas. In both the matching procedures, we have estimated a positive ATT,
highlighting an average expansion of agricultural land in the municipalities included in
the districts. In particular, the farming area has decreased in the municipalities out of FDs,
while in the FDs, it has increased. Moreover, the increase concerns the permanent crops,
as shown by the positive ATT in the “Sharpe index permanent crops”. In this regard, it is
worth highlighting that many previous studies presented empirical evidence on the role
of perennial crops as a valuable component of local sustainability. For instance, perennial
crops (and especially tree crops) generally accumulate soil organic carbon (SOC) through
time [59,60] and are, therefore, essential in climate change mitigation strategies.

The ATT of “Sharpe index wood arboriculture”, estimated with the t-test comparing
the procedure, is negative but not significant. At the same time, it was significant and
positive in the matching procedure performed with the PSM method. Arboriculture
contributes to the health of the biological ecosystems, specifically in enhancing landscape
diversity and increasing farmland suitability to preserve various species of animals (e.g.,
hares) in intensive agricultural areas [61]. The presence of trees and well-maintained
grass can also contribute to the health of the social ecosystem in urban communities,
transforming lands into pleasant, welcoming, well-used spaces [62]. Likewise, woods
and forests produce social and environmental benefits and marketable timber outputs.
These non-market benefits include open access, non-priced recreation, landscape amenity,
biodiversity, carbon sequestration, pollution absorption, water supply and quality, and
protection of archaeological artefacts [63]. However, looking at the “Sharpe index of
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woods”, our results show a negative ATT, as the changes in the period analyzed were
favorable to the areas outside the district.

Woodland patches and hedgerows are essential components of the agri-ecosystem [64,65].
As shown in Table 1, the hedge density index in municipalities outside the districts decreased
in the analyzed period, suggesting a decline of farms, trees, and hedgerows, primarily due
to agricultural intensification, which has driven the creation of larger, more simplified field
systems. A positive ATT, on the other hand, highlights a different trend related to the
treated group.

The variation of the edge diversity index between 2006 and 2018 has been negative
both for in-FD and off-FD municipalities. In this case, the habitat pattern became less
fragmented throughout the regional territory. However, the reduction was less drastic in
district areas, as the positive ATT shows.

Regarding soil consumption, i.e., the phenomenon associated with the urban occupa-
tion of originally agricultural, natural, or semi-natural surfaces, Table 1 shows that both
treated and untreated groups experienced an increase in the percentage of annual soil
consumption in the analyzed period. However, the index has averagely increased more in
the treated group, highlighting the inability of districts to curb the increase in the artificial
cover of land linked to settlement dynamics.

5. Conclusions

The FD was widely conceived as an innovative tool of territorial organization, which
could also increase the multifunctional role of the primary sector and improve the environ-
mental performance of food production in a sustainable way. Despite the importance of this
issue, there are very few studies, and even less about Italy, which attempt to measure the
actual FDs’ contribution in improving the environmental sustainability of local productions.

The present study offers detailed insights into the territorial effects connected to the
presence of FDs. The grouping of the municipalities based on distance from the main urban
areas and altimetry suggests that those effects cannot be considered separately by other
territorial features and outside an urban–rural relationship.

In such a framework, our analysis seems to prove that there is an “FD effect” on the
persistence of agriculture that, although it does not necessarily translate into landscape
diversity, can at least counteract detrimental tendencies such as the loss of natural elements,
landscape diversity due to extensive farming, and even land abandonment. Such a slowing
action, however, manifests itself, above all, in preventing woodlands from invading agricul-
tural areas, since there is no significant FD effect on agricultural soil loss, probably because
most FDs are in highly urbanized areas. This finding suggests a failure of the integration of
FD strategies with urban planning.

Although unsuitable for determining a causal link between FDs’ actions and effects
on land management, the results provide insights for further studies. Spatial analysis tools
could fit the purpose by considering interactions between socio-economic features and
land management within the districts and possible spillovers to neighboring areas.

Despite limitations, this paper offers useful insights for policy recommendations, as its
results pledge to ensure a greater territorial integration of interventions for the sustainability
of agro-food systems that could be pursued with appropriate policies in the framework
of CAP 2023–2027. Besides providing the governance for territorial co-operation in the
framework of rural development measures, FDs could also foster integration between
the first and the second pillar of EU CAP—for instance, eco-schemes with a landscape
conservation approach (e.g., in Italy, the eco-scheme 5-Measure for pollinators and eco-
scheme 3-Safeguard for olive trees of particular landscape value) with rural development
measures to support agro-environmental and climate actions in view of landscape-level
benefits. It is, nevertheless, necessary that policies from higher administrative levels (EU,
and national) do co-ordinate with local institutions in favor of specific programming
measures, to maximize effectiveness. This could be the case for overcoming conflicts in
the rural–urban fringe that can hinder the implementation of agro-environmental policies.
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This kind of policy should be more effectively addressed at the local level, through multi-
governance, participatory approaches that could be managed by FDs, which could assume
a leading role in policy management. In that view, they are a valuable tool available to
bring the issues of landscape protection and sustainable agriculture into the community-led
local development discourse.

Author Contributions: Conceptualization, F.C., R.H. and A.S.; methodology, F.C.; data curation, A.S.;
investigation, F.C., R.H. and A.S.; writing—original draft preparation, R.H.; writing—review and edit-
ing F.C., R.H. and A.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Not applicable.

Acknowledgments: Many thanks to the readers and the anonymous reviewers who helped us
finetune the text of the paper.

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

Notes
1 In Italian: Distretto del Cibo.
2 We refer to the so-called agri-food districts, the rural districts, and the bio-districts, all operating around the production of

food (or organic food) in rural or peri-urban areas. Territorial and multi-actor approaches to agriculture have been recognized
by a specific regulation (legislative decree no. 22801). Recently it has been emended by law n. 205/2017 establishing FDs
and further specifying the type of districts that could be acknowledged by introducing the Bio-districts and the “urban and
peri-urban” districts.

3 It is an empirical approach used to estimate the impact of an intervention on a target population without randomly assigning
members of that population to experimental conditions.

4 The data source is the soil consumption database provided by ISPRA (2022).
5 DUSAF is the Italian acronym for Destinazione d’Uso del Suolo Agricolo e Forestale (Agricultural and Forest Soil Use Destination).
6 Bio-districts are defined as rural areas where different actors work together for the sustainable management of local resources,

based on the principles and models of organic farming [54]. Bio-districts fall into the categories provided for by the law n.
205/2017 and are specifically ruled by the new national law on organic farming (n. 23/2022).

7 A city or town where administrative authorities responsible for each FD seat (Provincia).
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