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Abstract: This study investigates the long-term effects of demographic trends and admission rules on
common properties in the Province of Trento, Italy, which we refer to as historical commons. Historical
commons have evolved into socio-ecological systems over the centuries, meaning that communities
governed collectively natural resources and lands essential for community survival. Communities
and the admission rules that determine their composition are an important constituting element
of historical commons because they have developed local ecological knowledge and practices of
sustainable use of natural resources. Our study hypothesizes that commons continuity is endangered
because of the declining trend of the size of communities being influenced by demographic trends
coupled with admission rules. Grounding our research in systems dynamics, we use empirical data
including demographic projections and existing admission rules to simulate their effect on the site of
the community using the Province of Trento, Italy, as our study region. To achieve that, three types of
historical commons are identified: open, semi-open, and closed, each with different admission criteria
based on inheritance and/or residency. Results indicate that inheritance-based admission rules can
significantly reduce the number of commoners over time, potentially endangering the continuity of
these self-governance institutions. The study discusses the results in light of the literature on historical
commons’ continuity to evaluate different policies affecting the size of the community grounding on
different mental models. The study concludes that a simulation approach can promote an anticipatory
approach to the co-design of policies to ensure inclusive continuity of historical commons.

Keywords: agile modeling; system dynamics; historical commons; admission rules

1. Introduction

Commons are institutions through which humans collectively govern natural or
cultural resources [1]. Commons that govern forests, pastures, fisheries, and waters are
diffused in many parts of the world [2,3] under different forms and names [4]. Their land
and natural resources are often located in rural and mountainous areas and show high
environmental and biodiversity values [5,6]. Several of these commons are historical, as
they have emerged in medieval times [7].

Ostrom’ theory [8] demonstrated that commons are a solution to Hardin’s theorized
“tragedy of commons” issues [9] occurring when finite natural resources are used without
exclusion. By implementing a system of principles and rules, commons control resource
extraction in a sustainable way and avoid depletion connected with unregulated open
access. Sustainability implies maintaining the number of members proportionated to
resource availability so as to avoid overuse, misuse, or lack of management [10]. Hence,
commons rely on a variety of admission rules, which define who has the right to use lands
and resources and at which conditions, and how to participate in the decision-making
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over them [11]. They thus define the boundaries of the social base of a commons (i.e.,
the commoners’ community). Such rules are aligned with the social-ecological system in
place [8] in that they mirror the power relations in place [12] and are adjusted throughout
the centuries following socioeconomic changes [7,13–16]; for example, in periods of resource
scarcity, commons applied very restrictive admission rules; in moments of socioeconomic
and technological development, admission rules were softened to make more space for
new commoners who could provide the needed labor force to work on common lands [7].

Historical commons in Europe have played a strategic role in the livelihood of rural
communities, their social equilibrium, and cohesion [17–21]. They have catered to the
needs of the communities for several centuries, distributing rights for collective enjoyment
of resources (e.g., grazing, hunting, and forest harvesting) [22,23] and collective provision
of welfare, educational and cultural services. Their guiding principles are, among others,
collective provision in resource management activities, sustainable extraction of resource
units (e.g., cutting trees), indivisibility of the resource (e.g., of the forest), and resource
integrity conservation for future generations to ensure resource preservation in the long
term (e.g., Italian Law 168/2017). This has ensured the conservation of the natural heritage
for both future generations of commoners and society at large. For this key role as regulators
of resource use, historical commons were (and still are) considered a model of sustainable
land management [8,24].

Historical commons are confronted with social, economic, and ecological challenges
at global scale that have effects at the local scale as well as with internal dysfunctions.
Increasing tertiarization of economy [25,26] has led to local communities no longer relying
primarily on the extraction of resources for subsistence [27] and to increased connections to
global markets to buy and sell the goods. Increasing tertiarization has also had the effects
of creating demands, and thus values, for mountain ecosystems in terms of recreation,
leisure, and tourism [13,28]. Climate change and biodiversity loss caused by fossil-fuel-
based and extractivist human production models call for collective action beyond the
local scale [29–33] to manage resources according to a multi-objective and multi-scale
perspective [21,28]. Social trends such as aging and depopulation of rural areas [34] due
to migration to urban areas and other countries can threaten the continuity of the social
base of commons. The literature is increasingly shedding light on the fact that commons
are based on rules that mirror the power relations in place and that de facto exclude some
groups of society [12,27,35,36] such as women and youths, thus reducing legitimacy and
participation in commons assemblies.

The resulting decline of the commons’ social base [37] means the loss of local ecological
knowledge and practices that have allowed the continuity of social-ecological systems
over the centuries [5]. It also implies the disempowerment of communities in collectively
deciding over and accessing local resources, thus reducing bonds among community
members and community–environment bonds [27].

The literature is rich both in theoretical contributions and case studies on the inter-
connections between global and local change and commons’ adaptive strategies [30,38–41].
Studies concur in highlighting that changing demography in mountain areas coupled with
inadequate admission rules may negatively affect commons’ long-term persistence, their
ability to represent the social composition and the needs of the community members, as
well as their ability to contribute to resource management [12,42–46], ultimately jeopar-
dizing the community’s ability to contribute to resource maintenance by tackling current
social, economic, and ecological needs at different scales. However, the combined effect
of declining demography with admission rules and its consequences on the number of
commoners has not been modeled yet.

Our study addresses this gap and proposes a simulation approach that focuses on
the effects of admission rules and demography on the size of commoners’ communities,
keeping other social and ecological variables constant. Our ambition is to offer insights
and tools that engage communities in understanding the impacts of existing admission
rules and the need to adapt them by anticipating demographic changes. Our research
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questions are: What effect do different admission rules to historical commons coupled
with demographic variables have on the dynamics of the community’s size? What policies
can be derived to ensure the continuity of historical commons, considering that different
mental models exist [47]?

The article is structured as follows. In the Materials and Methods section, we illustrate
the systems dynamics and agile modeling approaches, the characteristics of the study area
and the data collected, and how were they used to build the models. The Results section
illustrates the SD models that result from the agile modeling approach. We then discuss the
strengths and limitations of the study, as well as the policy implications of the resulting SD
models. In Conclusions, we reflect how such an exercise can be used in following studies
as well as concretely to support decision-making.

2. Materials and Methods

The human mind is an excellent processor of linear causal relationships, but it has
difficulties in making evaluations that include feedback loops, and it is even less able to
mentally simulate and distinguish elements that accumulate and the effects of changes
in rates over time [48,49]. The modeling approach used in this article is inspired by
Forrester’s [50] lessons on system dynamics (“when faced with a new problem, I start
by identifying the stocks and how they are changing”). System dynamics (SD) is an
interdisciplinary applied field that encompasses a variety of tools and approaches to
understanding the dynamic behavior of complex systems over time. Systems modeling
consists of drawing conceptual models and developing simulation models to analyze
the feedback loops, delays, and other dynamic interactions within a system [51]. A basic
dynamic model includes “stocks” (i.e., anything that we can count or measure accumulating
over time, and whose quantity we are interested in) and “flows” that change such stocks,
i.e., inflows and outflows (Figure 1). This is also referred to as the “bathtub” model, in
which the stock variable (e.g., the level of water) changes through opening or closing the
tap and the drain (i.e., changes in the rates of inflows and outflows). In real systems, the
model may consist of several interconnected bathtubs.
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Figure 1. A basic stock-flows model of a population: population is the “stock” variable that changes
according to “flow” variables, births and deaths per year, in this case.

There are many approaches to SD modeling [51,52] that are more or less demanding
in terms of the amount of data. The approach we used in this article is inspired by
Warren’s [53] proposal for an agile system dynamics modeling. In the next section, we
explain how we designed and applied the modeling methodology.

2.1. Agile Modeling Approach

The agile systems modeling generally starts from the simplest stock-flows model of
the quantity of interest and proceeds by continuous improvement of it by adding feedback
loops, stocks, flows, and time delays to capture the complexity of the systems involved.
Feedback loops can be reinforcing or balancing. Reinforcing loops, also known as positive
feedback loops, amplify changes in a system, leading to exponential growth or decline.
They occur when an increase in one element of the system causes further increases in that
element. In contrast, balancing loops, or negative feedback loops, work to stabilize a system
by counteracting changes. They help in maintaining equilibrium by pushing the system
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back towards a desired state whenever deviations occur. Together, these loops and their
interactions guide the dynamics and behaviors of complex systems.

Agile modeling involves multiple iterations as follows. The SD model is developed
by framing the problem, explicating key system structures and elements (i.e., stock and
flow variables) and causal relationships between them, comparing the simulated dynamics
with the hypothesized ones, and correcting the model or the expectations. Thus, along the
process of developing increasingly sophisticated models, a better and shared understanding
of the complexity of the SD models and of the modeled systems emerges.

2.2. The Study Area

The Province of Trento, a mountainous region in Northeastern Italian Alps, has 76%
of the total area and 55% of the utilized agricultural area under a collective type of prop-
erty [54]. This is the highest share in Italy. Historical commons have been embedded in the
social structure of the region for centuries and are now formally recognized as collective
property institutions (CPIs) for governing agricultural lands, forested lands, and pasture-
lands by both a provincial and a national law (L.P. 6/2005 and L. 168/2017). This legal
framework allows CPIs (in the paper, we use the term commons and CPI interchangeably)
to self-define rules of admission in their own statute. There is a high diversity of CPI in
the area according to the different admission rules. This makes the Province of Trento a
good case study to explore the outcomes of different admission rules on the size of the
community. Using commons’ literature [55–57], expert knowledge and the screening of
the content of commons’ statutes, we identify three categories of CPIs and display their
location in Figure 2:

• Open CPIs: admission to the commons’ community is residence-based, and admission
rights are recognized either to the individual community member or to the household
represented by a head (often the male); there is a waiting period, (i.e., a minimum
number of years of residence before acquisition of rights), which varies according to
statutory rules of the commons from 1 to 10 years. In the study region, over 120 CPIs
(i.e., the Amministrazioni Separate dei Beni di Uso Civico) belong to this category, and
they are spread throughout the entire Province of Trento.

• Semi-open CPIs: admission to the community is based on a long waiting period after
residence (i.e., 10–25 years) starting upon subscription to the commons’ registry or it is
acquired by inheritance of rights from the household once the adult age is reached; in
this type of commons, it is always the household as a unit that is the full right holder,
not the individual household member. The household is represented by a delegate
with decision-making rights. Institutions belonging to this category are called Regole,
located in Valli Giudicarie, and Magnifica Comunità located in Val di Fiemme.

• Close CPIs: admission to the community is based on inheritance only. As in semi-
open CPIs, the household holds full rights, and it is represented by a delegate. This
category comprises institutions such as Consortele in Val di Sole and Feudo Rucadin in
Val di Fiemme.

The mountainous Province of Trento has a population of 538,000 inhabitants [58],
distributed in more than 200 municipalities located at an altitude ranging from 70 m to
1400 m. Over the past century, this population has undergone significant fluctuations [59].
At the beginning of the 20th century, the region faced a decline, attributed to the aftermath
of war and emigration in pursuit of better living conditions abroad. During the economic
boom, a substantial population increase occurred, fueled by prosperity, high fertility rates,
and low mortality. However, in the 1980s, growth slowed considerably. Notably, there has
been a shift in population distribution from higher altitudes to lower valleys, reflecting
an outmigration trend from mountain rural areas to industrial and service-oriented areas,
resulting in decreased settlement in municipalities located above 500 m above sea level.
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Projections at national level elaborated by the national institute of statistics (i.e., IS-
TAT) indicate a decrease of approximately 23% of the Italian population over the next
60 years [58]. Notably, this decline varies significantly between regions, with those in
the South experiencing the most substantial decrease, while those in the North are either
slightly decreasing or remaining stable. Figure 3 illustrates ISTAT’s projections for the
period of 2024–2080 for the population in the Province of Trento.
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the Province of Trento (own elaboration on data from [58]).
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Despite the relatively stable or slightly declining population of the Province of Trento,
the anticipated 23% decrease in the overall Italian population necessitates consideration of
the lower limit values as plausible, highlighting its significance for anticipatory governance.

Demographic trends are coupled with the shift of the economy of the Province of Trento
towards services and knowledge economy, with an impact on the internal perception of
commoners with respect to the role of historical commons and their long-term perspective.
As Gretter et al. [60] analyzed, older generations and male population perceive a general loss
of interest by community members in participating in the commons’ activities, while female
and youth participation in the decision-making processes of the commons is perceived as
being hindered. These trends and changes together challenge the continuity of historical
commons in the next decades.

2.3. Data

For the models, we used demographic data at the regional level and rules of ad-
mission to acquire rights in a CPI derived from CPI statutes. Demographic data for the
period of 2003–2023 were derived from the projections produced by ISTAT [58] for the
following variables:

• Mortality rate: units of deaths per 1000 individuals per year;
• Birth Rate: total number of alive births per 1000 individuals per year;
• Net migration rate: the difference between the number of immigrants and the number

of emigrants divided by the population per 1000 individuals per year;
• Household size: the average number of members per household, calculated by divid-

ing the total number of residents in the household by the number of households.

As shown in Figure 3, datasets include confidence intervals for the upper and lower
limit values. We used this dataset at the scale of the Province of Trento to base our
projections for the period of 2024–2080.

Information on the rules of admission to the commons was retrieved from the statutes
of CPIs in the Province of Trento that are available online, as well as from expert knowledge
and previous research [55–57,60] on the statutes. As our intention was to represent the
variety of admission rules to historical commons, we used the criteria of variety in our
search. In the statutes, one or more articles are dedicated to explaining the conditions to
acquire rights in a CPI and who has the right to vote for the commons’ assembly. As the
formulations of these articles are in some cases very articulate and full of exceptions, we
simplified and approximated them in the form of “conditions” to be simulated in the SD
models, as illustrated in the next paragraph.

2.4. Developing the SD Models

SD models are developed based on the characterizing features of the three CPI types
(i.e., open, semi-open, closed). These features are presented in Table 1. For each CPI type,
we illustrate CPI Agents eligible to acquire rights (i.e., individuals or households), Waiting
period (i.e., the period before obtaining the commoner rights), Target of admission rules,
and Admission rule conditions.

We used the admission rules conditions and demographic variables to integrate
the basic stock-flow population model (Figure 1) with specific parameters (Table 2) to
simulate how different conditions characterizing CPI types influence the dynamics of
community size.

The models are calibrated to represent the situation of a small municipality of 1000 in-
habitants in the mountainous areas of the province of Trento, with the presence of a CPI
managing the collective lands.
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Table 1. Features of the types of CPI considered for the model simulation.

CPI Type CPI Agents Waiting Period Target of Admission
Rule Admission Rule Conditions

Open

Individual

1–4 years Individuals (new
residents)

Once individuals acquire residency, they
have to wait a certain period (e.g., 1 to

4 years) before obtaining the full
benefits of common property.

Maturity (legal age,
18 y) Commoners’ child

The children of commoners
automatically join the community of
commoners, with full rights, upon

reaching the age of 18.

Households

>4 years Households
(new residents)

Households (including one-person
households) that acquire residency must
wait a certain period before obtaining

the commoner rights. The holder of the
benefit is the head of the household.

Maturity and
forming household Commoners’ child

Children of commoners inherit the
commoner status upon separating from
the household to form a new household.

If they marry, the new household is
represented by a delegate.

Semi-
open Households

10–25 years Households
(new residents)

Families who move and wish to access
the commons must register in the

commoners list. After a defined waiting
period, which begins at the time of

registration, they can access
the commons.

Maturity and
forming household Commoners’ child

Children of commoners inherit the
commoner status upon separating from
the household to form a new household.

If they marry, the new household is
represented by a delegate.

Close Households Maturity and
forming household Commoners’ child

Children of commoners, upon
separation from the household, inherit

commoner status. If they marry, the
newly formed household is represented

by a delegate.

Table 2. Variables selected as specific parameters of the SD models and simulations.

Parameters Definitions Source

Waiting rule
(influencing “admission” flow

variable in Model 2)

Commoners-as-individuals after a waiting period: a
resident becomes a commoner with a full bundle of

rights after a determined period of continuous residency
(ranging from 1 to 10 years). Waiting varies from 0 (i.e.,
no new residents enter into the commoners’ community,
as in the case of close CPIs) to 1 (i.e., all new residents

become instantly commoners).

CPI statute

Maturity rule
(influencing “maturity” flow

variable in Model 2)

Commoners-as-individuals by inheritance: commoners
acquire rights as individuals through inheritance from

commoners’ parents.
CPI statute
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Table 2. Cont.

Parameters Definitions Source

Social capital
(influencing “Com. emigrants” flow

variable in Model 2)

Used to simulate the effect of social capital (the
networks of relationships among people who live and
work in a community) hindering the emigrations of

commoners (it is set to 1 when emigration rate equals
that of the province, 0 when no commoners emigrate)

Our hypotheses on demography
statistics

Household disappearing rate
(influencing “disappearing” flow

variable in Model 3)

Used to simulate the possibility that a household may
cease to exist, e.g., due to old age and natural death of
its members. This variable is influenced by the average

household size and the mortality of commoners.

Our hypotheses on demography
statistics

Household founding rate
(influencing “founding” flow

variable in Model 3)

Used to simulate the possibility of a household splitting
into two or more household units, with children

forming their own household with the same rights as
commoners. This variable is influenced by the variable

“independence rate” (not present here but shown in the
full model in the appendix), i.e., the percentage of
children who become adults and form their own

household (with autonomous residence).

Our hypotheses on demography
statistics

To test the models, a variety of simulations were conducted, using different combina-
tions of parameters:

• Base Median scenario: represents the population and commoners’ community dynam-
ics according to the median values for 2022–2080 demographic projections.

• Base Worst scenario: represents the decline of population and commoners’ dynamics
according to the highest values of death rate and migration rate and the lowest birth
rate projections.

• Base Best scenario: represents the relatively stable population and commoners’ dy-
namics according to the lowest death rate and migration rate and the highest birth
rate projections.

• Waiting 1, 4, 10 years: represents the CPI in which individual commoners increase
through maturity of their children and by the new commoners from local residents
with a residency of 1, 4, or 10 years.

• Waiting 10, 25 years: represents the CPI in which commoners as households increase
through formation of a new household and by the new households after 10 or 25 years
of living in the municipality.

• Only inheritance: represents the CPI in which commoners increase only through the
maturity of their children.

• Social capital: represents the community of commoners as above with reduced emi-
gration of commoners (due to the effect of a significant presence of benefits linked to
being commoner hindering emigration).

In Table S1, we simulated different scenarios by combining the parameters as well as
the other demographic variables considered. For the numeric simulations, we used the
web application Silico, as explained in the Supplementary Materials.

3. Results

The modeling process resulted in the design of three SD models that simulate the
dynamics where demographics are coupled with admission rules to CPIs. In the following
paragraphs, the functioning of the resulting SD models is illustrated in terms of stocks,
flows, and feedback loops and then compared according to the emerging dynamics hap-
pening in the models over time.
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3.1. Baseline Model

The baseline model or Model 1 (Figure 4) represents the typical demographic dynamics
of a settlement, where births, determined by a birth rate, represent the in-flow variables in
the stock of the population. Deaths, determined by a death rate, and emigrants, determined
by a net migration rate, represent the out-flow variables from the stock of the population. In
the model, there are three feedback loops, respectively, based on birth (reinforcing), death
(balancing), and outmigration (balancing) rates.
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Figure 4. Model 1.

3.2. Commoners-as-Individual Model

In Model 2 (Figure 5), the commoners are the individual (new) residents in the settle-
ment who, after a waiting period, are admitted to the commoners’ assembly. This model
includes two stocks: commoners-to-be (i.e., teens) and commoners, influenced by the same
birth, death, and migration rates. The commoners-to-be reach maturity at a maturity rate
and flow into the stock of commoners. In-flow variable from the Population stock to the
Commoners stock is regulated by the admission flow variable.
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Figure 5. Model 2 (rate variables and feedback shown in Model 1 are omitted here).

3.3. Commoners-as-Household Model

Model 3 (Figure 6) is an extension of commoner-as-individual model, in which
commoners-to-be and commoners contribute to found a new household. A new commoner-
as-household is determined by maturity of the commoners’ children, approximately influ-
enced by the household size. A commoner-as-household may disappear due to death or
migration of its members. When the number of deaths and emigrants is equal to the average
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size of the household, or multiples thereof, one or multiple commoners-as-household is
considered to disappear. Model 3 has two variations, depending on whether the CPI is
semi-close or close.
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Figure 6. Model 3 (rate variables, feedbacks shown in Model 1 are omitted here).

Semi-close CPI: Commoners-as-household become such after a waiting period. In
this variation, relocating households become commoners after a period of waiting after
application to the commons (ranging from 10 to 25 years). In such a type of CPI, a percentage
of the benefits are shared individually among the households, whether in the form of
monetary compensations or subsidies. This makes us assume that there is a binding factor
inhibiting emigration from the commoners’ household members.

Close CPI: Commoners-as-household become as such by inheritance only, upon forma-
tion of the household. There is thus no in-flow from population stock. In close commons,
revenues (both material and monetary) are directly distributed among commoners. There-
fore, we assume that there is a binding factor due to economic benefits to the commoners,
which inhibits emigration. The binding factor is a key variable, varying from one (i.e., no
binding, where net-migration from commoners is set to be the same as for non-commoners)
to zero (i.e., binding factor determines commoners’ emigration to be zero).

3.4. Comparison of the SD Model Simulations

In the following paragraphs, we compare the community dynamics as a result of the
demographic projections coupled with admission rules in the three SD models.

For the sake of brevity and to show the lowest extreme yet possible resulting dynamics,
below we present only the resulting dynamics of the worst possible scenarios, except for
the inheritance-only SD model (i.e., Model 3), for which we compare median, best, and
worst possible dynamics.

Figure 7 shows the effect over the period from 2002 to 2080 of admission rules based
on the different numbers of years that a new individual resident must wait before acquiring
the status of commoner. In observing the figure on the left side, the following observations
can be made. The longer the waiting (i.e., 25-year curve Vs. 1-year waiting curve), the
slower the number of commoners reaches a convergence value. The waiting time can have
long-term effects as the 25-year waiting rule perceptibly reduces the number of commoners
between now and 2080.
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As shown in Figure 8, the effect of social capital (SC) on society in limiting the emigra-
tion of commoners (i.e., full SC and half SC curves Vs. no SC curve) seems negligible on
the dynamics of the community size in the study area, but it could instead be significant in
regions with higher emigration rates, typical of Southern Italy.
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Figure 9 shows the possible dynamics of a community of commoners-as-household
CPI (with initial number of 1000 commoners, then about 442 households) under the three
demographic scenarios with the combined effect of the binding factor and the “only in-
heritance” rule. The figure shows that with such a rule, commoners-as-household stock
steadily declines unless there is a strong social capital.
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4. Discussion

The challenges facing historical commons have been widely documented, with many
studies noting symptoms of dysfunction that threaten the social foundations of these im-
portant resource-governing institutions. A decline in the participation of commoners in
managing lands and resources not only jeopardizes these institutions but also risks the
loss of local ecological knowledge and practices vital for climate adaptation, ecosystem
preservation [2,3,5], and the relational values that connect communities with their environ-
ment [22,61]. However, much of the existing research focuses on commoners’ communities
while overlooking broader demographic trends affecting the entire population within
these contexts.

Our study aimed to bridge this gap by connecting the perspectives of commoners’
communities with the demographic dynamics of mountain populations. Understanding
these dynamics as well as the admission rules governing access to historical commons is
essential for evaluating the future of these self-governance systems and the sustainable
management of natural resources in mountain regions.

The methodology and SD models developed in this article offer valuable insights
and raise new questions about the evolution of commoners’ communities in small Alpine
regions. These conceptual models provide a framework for understanding the poten-
tial impacts of demographic trends and admission policies on the future of commoners.
Specifically, the simulation models explored the interplay between demographic scenarios,
admission rules, and the binding influence of social capital within the community. The
results are presented as patterns of change over time, focusing on the qualitative charac-
teristics of these patterns rather than their specific numerical values. In the following, we
discuss the strengths, limitations, and possible developments of the methodology and the
implications of the resulting SD models.

4.1. Strengths of the Used Approach

The development of system dynamic models according to the agile modeling ap-
proach enabled us to make explicit and share with precision a variety of assumptions and
individual mental models of the studied complex reality. To our knowledge, we consider
the translation of admission rules into conditions and then equations for simulation models
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to be an original exercise. Using qualitative and social elements, i.e., the admission rules
translated into conditions, together with quantitative variables, i.e., demographic data and
projections, represents one of the main advantages of the SD approach [51]. Furthermore,
in the iteration during the modeling phase, the resulting simulated dynamics were contin-
uously compared with the expectations following the assumptions. This helped further
model refinement. The practical benefits of building simulation models is the development
of “boundary objects” [62] or “transactional tools” that operate at different levels [63]: the
level of knowledge creation, as a calibration tool between the observer and the observed
field, where the model is used to reproduce and simplify reality into a mental model; the
level of group learning, where simulations are controlled and replicable experiments that
help individuals to improve accuracy of their conversations and to support a collective
learning; and the level of content as a thinking tool to understand and deal with the
complexity of the long-term persistence of the CPI. A crucial aspect of this process is the
concurrent development of both the diagrammatic representation and the working model
providing simulations. This parallel evolution offers significant advantages. It enhances
transparency and ease of understanding by explicitly showing the consequences in terms
of patterns of dynamics emerging from specific assumptions and interdependencies.

The consideration of the mutual influences between demographic factors and ad-
mission rules helps to understand the complexity of the social and economic aspects that
influence the common goods, at a level that is difficult to reach without the visual support
of stock-flow models and simulation graphs [64]. Furthermore, the inclusion of different
demographic scenarios (median, best, worst) in the simulations supports the understand-
ing of the potential variability of demographic trends and their impact on the historical
commons. This aligns with the need to consider multiple future trajectories, beyond the
median or the most probable one, in line with the key principle of futures studies and
strategic foresight [65].

The models and simulations rely on data for the Province of Trento, derived from the
national institution of statistics and from current admission rules that characterize a variety
of CPIs in the same province. However, the approach developed and illustrated in this
article can be easily adapted to other contexts.

The study, by investigating causal feedback relationships, could support community-
based decision-making about management that promote the well-functioning and conser-
vation of the social-ecological system [39,66].

4.2. Are Commons Endangered?

The results of this study show that admission rules deeply influence the model dy-
namics. The decline in the number of commoners is accelerated by stricter admission rules
(“Inheritance only” rule) or balanced by easier access for new individual residents and
households (“Waiting period”).

While it has been thoroughly argued that strict rules of admission enable the homo-
geneity, stability, trust, and communication in case of common pool resource at the local
level [7,8,10,14,16], it has been also recognized that in case of a complex and multi-level
common pool resource situation, such strict admission rules contribute to make the com-
mons dysfunctional [27,37,42,60] because they hinder active participation in a commons.
The results confirm the arguments by Brossette et al. [42] and Dietz et al. [17] about the
need to review institutional rules as a “lever” to increase participation and provision in a
commons. The literature suggests that opening the commons towards new members with
different stakes and competences may foster collaboration at different scales, with other
institutions, and with commons in other contexts [3,13,20,28,32,67,68]. We would like to
discuss how this second argument holds true both in case of demographic increase and
decrease intertwining with admission rules in a commons.

In the case of demographic decline, as exemplified in the study area, strict rules (e.g.,
“commoner-as-household with 25 years waiting rule” and “only inheritance”) determine
the gradual but steady reduction in the stock of commoners. As a consequence, we could
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assume that this leads to reducing the available skills and collective action abilities to
contribute to the provision in a commons [34], thus undermining the potential role of
commons to be agents of rural sustainable development.

In the case of demographic increase, strict admission rules create a greater difference
between commoners and residents-non-commoners, possibly contributing to an increasing
feeling of lack of external legitimacy towards commons institutions. Such difference could
also determine situations of elite-capture and disparity within the whole stable community
of the settlement that comprehends commoners and non-commoners, in the case where
the community members whose families have lived for a long time have more rights
than those that relocate. This disincentivizes the contribution of newcomers to the local
development as they do not have decision-making rights nor provision duties. Furthermore,
strict admission rules determine reproduction of gender roles and exclusion of female
participation in decision-making processes [61]. This makes the commons dysfunctional
in a situation where marginalized and small alpine communities need more and more
the collaboration of motivated actors to contribute to face the challenges of a globalizing
market economy with its fluctuations and of a changing climate [21].

4.3. Feasibility of Change in Rules

Among all possible policies, our study shows the relevance of the admission rule as a
significant variable that increases the distance between population of non-commoners and
commoners, together with social capital as a binding factor that may hinder emigration.
Deciding on the policies to adopt to steer the dynamics in the desired direction is, however,
a non-neutral and potentially conflictual operation. This is because the different policies
belong to different worldviews and mental models of social and institutional actors at local
and regional levels on how to strengthen the social engagement in historical commons [47].
Such worldviews and mental models encompass different spatial and temporal frames [48].
For instance, modifying admission rules can be perceived as a controversial process, al-
though potentially easy to be achieved at the commons level in the short-medium term.
Changing rules involves a formal transformation process, and easing the admission to
the assembly of the commons may be perceived by the current commoners as exposing
commons to the risk of losing the collective control over the system. Conversely, advo-
cating for modernization elements and fostering leadership to counteract out-migration,
while well-received by local communities, entails a prolonged process marked by hidden
complexities. This is due to the necessity of relying on funding programs that surpass the
influencing capacity of individual commons institutions. Consequently, despite being an
explicit goal, it runs the risk of becoming an objective that remains on paper due to the
challenges in acquiring the necessary funds for implementation.

Thus, the advocated solution is to combine different policies directed at increasing
social capital by leveraging on the relational value [69] and entrepreneurial potential of
commons and at designing admission rules that enable an inclusive and self-sustaining
stock of commoners that actively participate in decision-making and provision activities
in a commons. In a multi-objective multi-purpose collective action issue, diversity and
redundancy [70] as well as polycentricity [36] are shown to benefit the commons in the
long term.

4.4. Limitations of the Study and Future Perspectives

Our study has four main limitations. First, the results are intended as “qualitative”
simulations of the plausible dynamics based on the feedback between key variables but
not numerically validated or statistically tested for robustness. Second, the data available
on the projections from 2022 to 2080 are taken at provincial level, whereas the commons
are regimes at the settlement or municipal level, and thus data at sub-municipal scale are
needed to approximate reality more precisely. Third, there is also a limitation in setting the
initial value to the stock of commoners due to a dependency between the admission rule
and the initial stock of commoners as the number of commoners depends on the access



Land 2024, 13, 1704 15 of 18

rule, and, with a certain delay, the established admission rule is established according to
the stock of commoners that need to use the resource in order to preserve the resource
quality over time. The fourth limitation relates to the use of applied systems dynamics
to treat humans in a social-ecological systems whose relative weight and impact might
be either over- or under-represented with respect to the weight of other elements that
have not been considered in the model as they may have an impact in the reality that the
models seek to represent. These limitations and simplifications of the study might affect
the generalizability of our results.

For this reason, the future perspective of the study is linked to the opportunity of
group model building [52] or participatory modeling processes [6,71,72] in which to engage
and enable the affected communities and other stakeholders in understanding how each
part of the interested system interacts and how they can contribute to system behavior. This
approach to multiple possible futures could provide local communities and stakeholders
with tools for anticipation literacy and anticipatory governance that promote adaptive
institutions, decision-making, strategy formation, and social resilience [65,73].

From the ethical point of view, discussing the change of institutional rules as suggested
by Brossette et al. [42] requires the involvement of the affected communities because rules
are a product of people’s interpretation of their collective experience. Thus, any process of
change needs the acceptance of the affected to be embedded in the context. Such a process
of involvement requires specific attention about the power relations in place in order not
to reproduce exclusive power dynamics [29,61,69]. The use of such a methodology and
tool with the affected communities thus needs to be refined to enable processes that are
inclusive and enabling.

5. Conclusions

Our paper aimed to reply to the question: what are the implications of demographic
trends coupled with admission rules on the persistence of historical commons? This article
showed that admission rules fitting demography and new resource dependencies are key
for commons persistence in the role of self-governance of lands and resources. This article
contributed to showing that admission rules are relevant factors in light of the persistence
of historical commons. Our study showed that in a situation of negative demographic
trends, the stricter the access rules, the fewer the people are in the position of contributing
to the common resource management. Furthermore, our study showed that the stricter the
admission rules to a commons, the greater the difference between commoners and the rest
of residents in a settlement.

The results were discussed placing the issue in the broader context of commons
in the changing socioeconomic situation of the world mountains, and especially in the
European Alps.

Resources are increasingly competed for not at the local scale, but at multiple scales.
Considering the fact that local communities have played a role in stewarding the resources
for centuries and are willing to continue doing so—but considering also that the nature
of the resource dependency is changing—collective resources are increasingly acquiring
a public good characteristic while also playing a collective good characteristic in that
they concur to maintain the bonds of the local community to the resource. Lands and
resources governed in commons regimes are thus more and more competed for. Such
lands and resources are governed in a situation of polycentric governance. Admission
rules in a commons thus play a role in who has access to decision-making in such a
governance constellation.

It should be further problematized whether strict admission rules to commons gov-
ernance in a situation of polycentric governance and competing powers over resources
are the best strategy to guarantee that the community interest as well as the integrity of
resources and lands are well cared for. It should also be investigated whether innovations
in community-based resource governance are needed to better consider newly emerging
community interests are considered, to care for sustainability and integrity of the resource,
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and to enable that community-based resource governance contributes to tackle social, eco-
nomic, and environmental challenges that world mountains are facing. These are questions
to be tackled in future studies.

The systemic modeling approach allowed to ask questions among co-authors while
modeling in an iterative process of successive approximations (an abductive process typical
of transdisciplinary research and critical systems thinking) to avoid a colonial approach to
the sensitive issue of intervening in the relationship between a community and the resource
it has long cared for.

Further developments could include using this approach in participatory modeling
to start the process of making explicit the different stakes mentioned before: that of the
community members towards access to collective resources, that of the resource integrity,
and that of commons contribution to tackle mountain challenges.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/land13101704/s1, Table S1: Simulations (in row) of the SD models
based on parameters (in column). The complete models and the data used are freely accessible,
interactively, on the Silico app, via this link: https://silico.app/@rocco_scolozzi/commoners00-80
?s=c38lpSBIQgWFBgTm31L53w, accessed on 9 October 2024.

Author Contributions: C.D.T. and R.S. are to be considered both as first authors of this article. Con-
ceptualization, C.D.T. and R.S.; methodology, C.D.T. and R.S.; software, R.S.; validation, R.S.; formal
analysis, C.D.T. and R.S.; data curation, C.D.T., E.R. and R.S.; writing—original draft preparation,
C.D.T. and R.S.; writing—review and editing P.G.; visualization, E.R., R.S.; supervision, P.G. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Demographic data used for this study are visible in the link provided
in Supplementary Materials. Statutes used for deriving admission rules are available on the internet
in Italian language in the website of the related CPI.

Acknowledgments: Authors of this study are thankful to Matteo Rizzari for helping find caveats in
the design of the systems dynamics models and to Ida Motteran for English proof-reading.

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

References
1. McGinnis, M.; Ostrom, E. Social-Ecological System Framework: Initial Changes and Continuing Challenges. Ecol. Soc. 2014, 19,

30. [CrossRef]
2. Rodela, R.; Tucker, C.M.; Šmid-Hribar, M.; Sigura, M.; Bogataj, N.; Urbanc, M.; Gunya, A. Intersections of Ecosystem Services and

Common-Pool Resources Literature: An Interdisciplinary Encounter. Environ. Sci. Policy 2019, 94, 72–81. [CrossRef]
3. Šmid Hribar, M.; Hori, K.; Urbanc, M.; Saito, O.; Zorn, M. Evolution and New Potentials of Landscape Commons: Insights from

Japan and Slovenia. Ecosyst. Serv. 2023, 59, 101499. [CrossRef]
4. Anderies, J.M. Sustaining the Commons, 2nd ed.; Center for Behavior, Institutions and the Environment of the Arizona State

University: Tempe, AZ, USA, 2016.
5. Gretter, A.; Ciolli, M.; Scolozzi, R. Governing Mountain Landscapes Collectively: Local Responses to Emerging Challenges within

a Systems Thinking Perspective. Landsc. Res. 2018, 43, 1117–1130.
6. Scolozzi, R.; Schirpke, U.; Geneletti, D. Enhancing Ecosystem Services Management in Protected Areas Through Participatory

System Dynamics Modelling. Landsc. Online 2019, 73. [CrossRef]
7. Casari, M.; Tagliapietra, C. Group Size in Social-Ecological Systems. Proc. Natl. Acad. Sci. USA 2018, 115, 2728–2733. [CrossRef]
8. Ostrom, E. Governing the Commons: The Evolution of Institutions for Collective Action; Political Economy of Institutions and Decisions;

Cambridge University Press: Cambridge, UK, 1990; ISBN 978-0-511-80776-3.
9. Hardin, G. The Tragedy of the Commons: The Population Problem Has No Technical Solution; It Requires a Fundamental

Extension in Morality. Science 1968, 162, 1243–1248. [CrossRef]
10. Netting, R.M. Balancing on an Alp: Ecological Change and Continuity in a Swiss Mountain Community; Cambridge University Press:

New York, NY, USA, 1981; ISBN 978-0-521-23743-7.
11. Schlager, E.; Ostrom, E. Property-Rights Regimes and Natural Resources: A Conceptual Analysis. Land Econ. 1992, 68, 249–262.

[CrossRef]
12. Pieraccini, M. A Politicized, Legal Pluralist Analysis of the Commons’ Resilience: The Case of the Regole d’Ampezzo. Ecol. Soc.

2013, 18, 4.

https://www.mdpi.com/article/10.3390/land13101704/s1
https://www.mdpi.com/article/10.3390/land13101704/s1
https://silico.app/@rocco_scolozzi/commoners00-80?s=c38lpSBIQgWFBgTm31L53w
https://silico.app/@rocco_scolozzi/commoners00-80?s=c38lpSBIQgWFBgTm31L53w
https://doi.org/10.5751/ES-06387-190230
https://doi.org/10.1016/j.envsci.2018.12.021
https://doi.org/10.1016/j.ecoser.2022.101499
https://doi.org/10.3097/LO.201973
https://doi.org/10.1073/pnas.1713496115
https://doi.org/10.1126/science.162.3859.1243
https://doi.org/10.2307/3146375


Land 2024, 13, 1704 17 of 18

13. Bravo, G.; De Moor, T. The Commons in Europe: From Past to Future. Int. J. Commons 2008, 2, 155. [CrossRef]
14. De Moor, T. The Dilemma of the Commoners: Understanding the Use of Common-Pool Resources in Long-Term Perspective; Political

Economy of Institutions and Decisions; Cambridge University Press: Cambridge, UK, 2015; ISBN 978-1-107-02216-4.
15. Farjam, M.; Moor, T.D.; Weeren, R.; van Forsman, A.; Dehkordi, M.A.E.; Ghorbani, A.; Bravo, G. Shared Patterns in Long-Term

Dynamics of Commons as Institutions for Collective Action. Int. J. Commons 2020, 14, 78–90. [CrossRef]
16. Forsman, A.; Moor, T.D.; Weeren, R.; van Bravo, G.; Ghorbani, A.; Dehkordi, M.A.E.; Farjam, M. Eco-Evolutionary Perspectives

on Emergence, Dispersion and Dissolution of Historical Dutch Commons. PLoS ONE 2020, 15, e0236471. [CrossRef]
17. Dietz, T.; Ostrom, E.; Stern, P.C. The Struggle to Govern the Commons. Science 2003, 302, 1907–1912. [CrossRef] [PubMed]
18. Sick, D. Social Contexts and Consequences of Institutional Change in Common-Pool Resource Management. Soc. Nat. Resour.

2008, 21, 94–105. [CrossRef]
19. Favero, M.; Gatto, P.; Deutsch, N.; Pettenella, D. Conflict or Synergy? Understanding Interaction between Municipalities and

Village Commons (Regole) in Polycentric Governance of Mountain Areas in the Veneto Region, Italy. Int. J. Commons 2016, 10, 821.
[CrossRef]

20. Bassi, I.; Carestiato, N. Common Property Organisations as Actors in Rural Development: A Case Study of a Mountain Area in
Italy. Int. J. Commons 2016, 10, 363–386. [CrossRef]

21. Skulska, I.; Montiel-Molina, C.; Rego, F.C. The Role of Forest Policy in Mediterranean Mountain Community Lands: A Review of
the Decentralization Processes in European Countries. J. Rural. Stud. 2020, 80, 490–502. [CrossRef]

22. Battisti, F.; Pisano, C. Common Property in Italy. Unresolved Issues and an Appraisal Approach: Towards a Definition of
Environmental-Economic Civic Value. Land 2022, 11, 1927. [CrossRef]

23. De Moor, T. Dossier «Le Champ Des Commons En Question: Perspectives Croisées»—From Common Pastures to Global
Commons: A Historical Perspective on Interdisciplinary Approaches to Commons. Nat. Sci. Soc. 2011, 19, 422–431. [CrossRef]

24. Agrawal, A. Forests, Governance, and Sustainability: Common Property Theory and Its Contributions. Int. J. Commons 2007, 1,
111–136. [CrossRef]

25. Randhir, T.O. Globalization Impacts on Local Commons: Multiscale Strategies for Socioeconomic and Ecological Resilience. Int. J.
Commons 2016, 10, 387. [CrossRef]

26. Muñoz-Ulecia, E.; Bernués, A.; Casasús, I.; Olaizola, A.M.; Lobón, S.; Martín-Collado, D. Drivers of Change in Mountain
Agriculture: A Thirty-Year Analysis of Trajectories of Evolution of Cattle Farming Systems in the Spanish Pyrenees. Agric. Syst.
2021, 186, 102983. [CrossRef]

27. Nieto-Romero, M.; Parra, C.; Bock, B. Re-Building Historical Commons: How Formal Institutions Affect Participation in
Community Forests in Galicia, Spain. Ecol. Econ. 2021, 188, 107112. [CrossRef]

28. Short, C. Forests as Commons—Changing Traditions and Governance in Europe. In New Perspectives on People and Forests; Ritter,
E., Dauksta, D., Eds.; Springer: Dordrecht, The Netherlands, 2011; pp. 61–74, ISBN 978-94-007-1150-1.

29. Gibson-Graham, J.K.; Hill, A.; Law, L. Re-Embedding Economies in Ecologies: Resilience Building in More than Human
Communities. Build. Res. Inf. 2016, 44, 703–716. [CrossRef]

30. Tenza-Peral, A.; Pérez-Ibarra, I.; Breceda, A.; Martínez-Fernández, J.; Giménez, A. Can Local Policy Options Reverse the Decline
Process of Small and Marginalized Rural Areas Influenced by Global Change? Environ. Sci. Policy 2022, 127, 57–65. [CrossRef]

31. Delaney, S.; Jackson, B.; Olsen, A.; Torres, P. Commoning Climate Change: Peer-to-Peer Social Affinity in a Multi-Level Commons—
The Maine Journal of Conservation and Sustainability—University of Maine. Maine J. Conserv. Sustain. 2023. Available online:
https://umaine.edu/spire/2023/04/21/delaney-jackson-olsen-torres/ (accessed on 9 October 2024).

32. Ostrom, E.; Burger, J.; Field, C.B.; Norgaard, R.B.; Policansky, D. Revisiting the Commons: Local Lessons, Global Challenges.
Science 1999, 284, 278–282. [CrossRef]

33. Caffentzis, G.; Federici, S. Commons against and beyond Capitalism. Community Dev. J. 2014, 49, i92–i105. [CrossRef]
34. Wang, Y.; Su, Y.; Araral, E.K. Migration and Collective Action in the Commons: Application of Social-Ecological System

Framework with Evidence from China. Ecol. Soc. 2022, 27, 36. [CrossRef]
35. Federici, S. Re-Enchanting the World. Feminism and the Politics of the Commons; PM Press: Oakland, CA, USA, 2019;

ISBN 978-1-62963-569-9.
36. Lorenzini, S.; von Jacobi, N. Whose Forest? A Two-Level Collective Action Perspective on Struggles to Reach Polycentric

Governance. For. Policy Econ. 2024, 158, 103093. [CrossRef]
37. Gatto, P.; Bogataj, N. Disturbances, Robustness and Adaptation in Forest Commons: Comparative Insights from Two Cases in the

Southeastern Alps. For. Policy Econ. 2015, 58, 56–64. [CrossRef]
38. Tenza, A.; Pérez, I.; Martínez-Fernández, J.; Giménez, A. Understanding the Decline and Resilience Loss of a Long-Lived

Social-Ecological System: Insights from System Dynamics. Ecol. Soc. 2017, 22, 15. [CrossRef]
39. Tenza, A.; Martínez-Fernández, J.; Pérez-Ibarra, I.; Giménez, A. Sustainability of Small-Scale Social-Ecological Systems in Arid

Environments: Trade-off and Synergies of Global and Regional Changes. Sustain. Sci. 2019, 14, 791–807. [CrossRef]
40. Turner, B.L.; Menendez, H.M.; Gates, R.; Tedeschi, L.O.; Atzori, A.S. System Dynamics Modeling for Agricultural and Natural

Resource Management Issues: Review of Some Past Cases and Forecasting Future Roles. Resources 2016, 5, 40. [CrossRef]
41. Turner, B.L.; Tidwell, V.; Fernald, A.; Rivera, J.A.; Rodriguez, S.; Guldan, S.; Ochoa, C.; Hurd, B.; Boykin, K.; Cibils, A. Modeling

Acequia Irrigation Systems Using System Dynamics: Model Development, Evaluation, and Sensitivity Analyses to Investigate
Effects of Socio-Economic and Biophysical Feedbacks. Sustainability 2016, 8, 1019. [CrossRef]

https://doi.org/10.18352/ijc.98
https://doi.org/10.5334/ijc.959
https://doi.org/10.1371/journal.pone.0236471
https://doi.org/10.1126/science.1091015
https://www.ncbi.nlm.nih.gov/pubmed/14671286
https://doi.org/10.1080/08941920701681524
https://doi.org/10.18352/ijc.470
https://doi.org/10.18352/ijc.608
https://doi.org/10.1016/j.jrurstud.2020.10.033
https://doi.org/10.3390/land11111927
https://doi.org/10.1051/nss/2011133
https://doi.org/10.18352/ijc.10
https://doi.org/10.18352/ijc.517
https://doi.org/10.1016/j.agsy.2020.102983
https://doi.org/10.1016/j.ecolecon.2021.107112
https://doi.org/10.1080/09613218.2016.1213059
https://doi.org/10.1016/j.envsci.2021.10.007
https://umaine.edu/spire/2023/04/21/delaney-jackson-olsen-torres/
https://doi.org/10.1126/science.284.5412.278
https://doi.org/10.1093/cdj/bsu006
https://doi.org/10.5751/ES-13008-270136
https://doi.org/10.1016/j.forpol.2023.103093
https://doi.org/10.1016/j.forpol.2015.03.011
https://doi.org/10.5751/ES-09176-220215
https://doi.org/10.1007/s11625-018-0646-2
https://doi.org/10.3390/resources5040040
https://doi.org/10.3390/su8101019


Land 2024, 13, 1704 18 of 18

42. Brossette, F.; Bieling, C.; Penker, M. Adapting Common Resource Management to Under-Use Contexts: The Case of Common
Pasture Organizations in the Black Forest Biosphere Reserve. Int. J. Commons 2022, 16, 29–46. [CrossRef]

43. Baur, I.; Binder, C. Adapting to Socioeconomic Developments by Changing Rules in the Governance of Common Property
Pastures in the Swiss Alps. Ecol. Soc. 2013, 18, 60. [CrossRef]

44. Baur, I.; Binder, C.R. Modeling and Assessing Scenarios of Common Property Pastures Management in Switzerland. Ecol. Econ.
2015, 119, 292–305. [CrossRef]

45. Borsdorf, A. Challenges for Mountain Regions: Tackling Complexity; Böhlau Verlag: Wien, Austria, 2010; ISBN 978-3-205-78652-8.
46. Kawamura, Y. Demographic Characteristics for Sustainability of Gemeinschaft-Type Rural Communities in Depopulation

Associated with Aging in Northern Kyoto Areas, Japan. J. Asian Rural. Stud. 2019, 3, 62–69. [CrossRef]
47. North, D.C. Institutions and Economic Theory. Am. Econ. 1992, 36, 3–6. [CrossRef]
48. Meadows, D. Leverage Points: Places to Intervene in a System. Available online: https://donellameadows.org/archives/

leverage-points-places-to-intervene-in-a-system/ (accessed on 9 October 2024).
49. Forrester, J.W. Lessons from System Dynamics Modeling. Syst. Dyn. Rev. 1987, 3, 136–149. [CrossRef]
50. Forrester, J.W. Economic Theory for the New Millennium (2003). Syst. Dyn. Rev. 2013, 29, 26–41. [CrossRef]
51. Sterman, J. Business Dynamics: Systems Thinking and Modeling for a Complex World; Irwin: Huntersville, NC, USA; McGraw-Hill:

New York, NY, USA, 2000; ISBN 978-0-07-231135-8.
52. Vennix, J.A.M.; Akkermans, H.A.; Rouwette, E.A.J.A. Group Model-Building to Facilitate Organizational Change: An Exploratory

Study. Syst. Dyn. Rev. 1996, 12, 39–58. [CrossRef]
53. Warren, K. Strategy Dynamics Essentials, 2nd ed.; Strategy Dynamics Ltd.: Princes Risborough, UK, 2015.
54. Greco, M. Le Statistiche Sulle Common Land Nell’Unione Europea e in Italia. Agriregionieuropa 2014, 10, 36.
55. Rosá, A. Il Ruolo Delle Proprietà Collettive Nello Sviluppo Del Territorio. Il Caso Delle Valli Di Fiemme e Fassa; Università degli Studi di

Trento: Trento, Italy, 2014.
56. Dalla Torre, C.; Ravazzoli, E.; Omizzolo, A.; Gretter, A.; Membretti, A. Questioning Mountain Rural Commons in Changing

Alpine Regions. An Exploratory Study in Trentino, Italy. J. Alp. Res. Rev. Géogr. Alp. 2021, 109. [CrossRef]
57. Tognon, A.; Martellozzo, N.; Gretter, A. Collective Properties of Trentino: From Traditional Competences to Modern Solution

Providers. Land 2023, 12, 218. [CrossRef]
58. ISTAT Previsioni Della Popolazione—Anni 2022–2080. 2023. Available online: http://dati.istat.it/Index.aspx?DataSetCode=

DCIS_PREVDEM1 (accessed on 9 October 2024).
59. ISTAT. Provincia Autonoma di Trento—Servizio Statistica Un’analisi Dinamica Della Popolazione Residente in Provincia Di Trento

Attraverso i Censimenti; ISTAT: Trento, Italy, 2007.
60. Gretter, A.; Marelli, B.; Giovanella, M.; Scolozzi, R. Tra Memoria e Futuro. Otto Secoli Di Gestione Collettiva Alpina Come

Insegnamento per Il Futuro. In Processi Partecipativi ed Etnografia Collaborativa Nelle Alpi e Altrove; Porcellana, V., Stefani, S., Eds.;
Edizioni dell’Ors: Ogden, Utah, 2016; pp. 99–115.

61. Nieto-Romero, M.; Valente, S.; Figueiredo, E.; Parra, C. Historical Commons as Sites of Transformation. A Critical Research
Agenda to Study Human and More-than-Human Communities. Geoforum 2019, 107, 113–123. [CrossRef]

62. Alberto Franco, L. Rethinking Soft OR Interventions: Models as Boundary Objects. Eur. J. Oper. Res. 2013, 231, 720–733. [CrossRef]
63. Mollona, E. Computer Simulation in Social Sciences. A Logic of Enquiry; Editoriale Scientifica: Napoli, Italy, 2015; ISBN 978-88-6342-

819-3.
64. Black, L.J. When Visuals Are Boundary Objects in System Dynamics Work. Syst. Dyn. Rev. 2013, 29, 70–86. [CrossRef]
65. Miller, R. Learning, the Future, and Complexity. An Essay on the Emergence of Futures Literacy. Eur. J. Educ. 2015, 50, 513–523.

[CrossRef]
66. Costanza, R.; Ruth, M. Using Dynamic Modeling to Scope Environmental Problems and Build Consensus. Environ. Manag. 1998,

22, 183–195. [CrossRef] [PubMed]
67. Oliverio, F.S. Verso Una Nuova Definizione Degli Usi Civici. Agriregionieuropa 2018, 14, 55.
68. Gatto, P. Accesso Alle Terre e Assetti Fondiari Collettivi: Uno Sguardo Alla Situazione Internazionale e Italiana | Agriregionieu-

ropa. Agriregionieuropa 2017, 13, 49.
69. Grundel, I.; Christenson, N.; Dahlström, M. Identifying Interests and Values in Forest Areas through Collaborative Processes and

Landscape Resource Analysis. For. Policy Econ. 2022, 142, 102801. [CrossRef]
70. Gibson-Graham, J.K. Diverse Economies: Performative Practices for ‘other Worlds’. Prog. Hum. Geogr. 2008, 32, 613–632. [CrossRef]
71. Hossain, M.S.; Ramirez, J.; Szabo, S.; Eigenbrod, F.; Johnson, F.A.; Speranza, C.I.; Dearing, J.A. Participatory Modelling for

Conceptualizing Social-Ecological System Dynamics in the Bangladesh Delta. Reg. Environ. Chang. 2020, 20, 28. [CrossRef]
72. Tourais, P.; Videira, N. A Participatory Systems Mapping Approach for Sustainability Transitions: Insights from an Experience in

the Tourism Sector in Portugal. Environ. Innov. Soc. Transit. 2021, 38, 153–168. [CrossRef]
73. Boyd, E.; Nykvist, B.; Borgström, S.; Stacewicz, I.A. Anticipatory Governance for Social-Ecological Resilience. Ambio 2015, 44

(Suppl. S1), S149–S161. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.5334/ijc.1138
https://doi.org/10.5751/ES-05689-180460
https://doi.org/10.1016/j.ecolecon.2015.09.019
https://doi.org/10.20956/jars.v3i1.1715
https://doi.org/10.1177/056943459203600101
https://donellameadows.org/archives/leverage-points-places-to-intervene-in-a-system/
https://donellameadows.org/archives/leverage-points-places-to-intervene-in-a-system/
https://doi.org/10.1002/sdr.4260030205
https://doi.org/10.1002/sdr.1490
https://doi.org/10.1002/(SICI)1099-1727(199621)12:1%3C39::AID-SDR94%3E3.0.CO;2-K
https://doi.org/10.4000/rga.8589
https://doi.org/10.3390/land12010218
http://dati.istat.it/Index.aspx?DataSetCode=DCIS_PREVDEM1
http://dati.istat.it/Index.aspx?DataSetCode=DCIS_PREVDEM1
https://doi.org/10.1016/j.geoforum.2019.10.004
https://doi.org/10.1016/j.ejor.2013.06.033
https://doi.org/10.1002/sdr.1496
https://doi.org/10.1111/ejed.12157
https://doi.org/10.1007/s002679900095
https://www.ncbi.nlm.nih.gov/pubmed/9465128
https://doi.org/10.1016/j.forpol.2022.102801
https://doi.org/10.1177/0309132508090821
https://doi.org/10.1007/s10113-020-01599-5
https://doi.org/10.1016/j.eist.2021.01.002
https://doi.org/10.1007/s13280-014-0604-x

	Introduction 
	Materials and Methods 
	Agile Modeling Approach 
	The Study Area 
	Data 
	Developing the SD Models 

	Results 
	Baseline Model 
	Commoners-as-Individual Model 
	Commoners-as-Household Model 
	Comparison of the SD Model Simulations 

	Discussion 
	Strengths of the Used Approach 
	Are Commons Endangered? 
	Feasibility of Change in Rules 
	Limitations of the Study and Future Perspectives 

	Conclusions 
	References

