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Enhancing Ecosystem Services Management in Protected Areas
Through Participatory System Dynamics Modelling
Abstract
Ecosystem services (ES) depend on coupled ecological and socioeconomic
processes. We propose participatory modelling as a tool for sharing and
co-creating knowledge about processes supporting (or eroding) local
ES. The proposal consists of an open library of introductory ES dynamic
models to be tailored for each case study. Such a library is illustrated
by two ES examples and five models, published in an open-access
web-platform. The results can contribute to the improvement of both
analysis and deliberation, helping managers to design better policies and
stakeholders to better formulate expectations.
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1 Introduction
Although relationships between biodiversity and
ecosystem services (ES) are very complex (Mace et
al. 2012), it is widely acknowledged that biodiversity
has general positive effects on many ES, which can
be defined as the benefits that human populations
derive from ecosystems (Millennium Ecosystem
Assessment 2003). As natural environments are
increasingly under pressure due to agricultural
intensification, industrialisation and urbanisation
(Cumming et al. 2014), protected areas are
of extreme importance for providing ES, and
particularly regulating and cultural (Watson et al.
2014). High expectations are therefore associated
with the conservation of biodiversity and ES in
protected areas (Larsen et al. 2015), although many
protected areas suffer from ineffective management
and struggle to adequately protect their natural
capital (Butchart et al. 2012).
Protected area authorities are usually faced with
environmental issues, such as degradation of
habitats, fragmentation, and climate change, as well
as with constraints associated with funding, conflicts
with local stakeholders, and an increasing demand
for recreational activities (Brandon et al. 2005).
Moreover, they are often overwhelmed by internal
pressures (between institutional obligations and
duties, social demands, and economic drivers) and
are limited by time and human resources to face the
increasing complexity of socio-ecological systems
(Scolozzi et al. 2014). To protect both biodiversity
and ES, a key aspect in the successful management
of protected areas is the involvement of local
stakeholders. Participative approaches allow more
effective and inclusive discussions to be conducted
with different stakeholders and support related
decision-making process (Antunes et al. 2009).
It is increasingly recognised that ES are co-produced
by ecosystems and human agents by means of labour,
technology or financial resources (Palomo et al.
2014; Partelow & Winkler 2016), resulting in socioecological systems combining ecological, social,
and economic complexity. The level of ES provision
depends consequently not only on environmental
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conditions, but also on human interactions,
including feedbacks, among ecological and socioeconomic processes (Palomo et al. 2014; Partelow
& Winkler 2016). Hence, a deeper understanding of
socio-ecological systems is crucial for successfully
managing ES, including social network relations,
interaction and linkages among multiple ES (Bennett
et al. 2009).
Although methods for the assessment of ES have
advanced considerably during the past decades by
developing various methods and indicators, ranging
from qualitative mapping exercises and quantitative
approaches to monetary valuation methods (Barth
& Döll 2016; Darvill & Lindo 2015), these assessment
approaches may not be enough to anticipate the
unintended effects of management actions. Several
experimental studies about the performance of
people confronted with complex dynamic systems
revealed that they were unable to correctly infer
how these systems will behave or how they
should be managed (Sweeney & Sterman 2000).
Management strategies that are unaware of system
complexity may cause negative cumulative impacts,
such as unexpected ecosystem degradation and the
unsustainable use of habitats, both of which affect
ES provision.
Recently, ES approaches were integrated with
participatory modelling approaches, for example
byusing a participative mental model approach
(Moreno et al. 2014), Bayesian networks (PérezMiñana 2016; Smith et al. 2018), or in combination
with opinion dynamics models to simulate decisionmaking in relation to payments for ecosystem
services (Sun & Müller 2013).
We propose a general framework based on system
dynamics (SD) models to support managers and
stakeholders in protected areas to address the
interactions between human activities and the
environment. Such a framework consists of a
modelling method guidance, “introductory models”
(or pre-models) and an open web-platform,where
to share and customize the pre-models as well as to
simulate the management options included in the
customized models. The pre-models are intended to
be generic enough to grasp the common dynamics
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of each ES and simple enough to be understood by
stakeholders, managers and the different experts
potentially involved (e.g. sociologists, environmental
professionals, economists). The expected outcome is
the promotion of “boundary objects” (Black 2013),
representing socially constructed understanding
of local social-ecological systems to share among
people with different roles in the management or
maintenance of ecosystems (Abson et al. 2014).
Our approach builds on the experiencesconducted
in the European project LIFE+ “Making Good
Natura” (Marino et al. 2014; Schirpke et al. 2017;
for details about the project see www.lifemgnserviziecosistemici.eu).
In the following sections, we first introduce the SD
approach.Then, we present the proposed framework
through a couple of pre-models for provisioning and
cultural ES, considering the perspective of protected
area managers.

1.1 Participatory system dynamics modelling: an
overview
SD is a rigorous method of system description,
which assists feedback analysis and simulation of
the effects of alternative system structures, as in
scenarios or alternative policies (Forrester 1987).
The aim of SD modelling is to obtain insights about
the problem/system and to identify leverage points
on which to act to change the dynamics (Senge
1990). SD models are management tools that help
to compare strategies, in contrast to mathematical
models aimed at forecasting variable values.
A key assumption of SD is that the behaviour of a
system emerges from its structure, through causeeffect relationships and feedback loops, rather than
from the values of individual variables, and that the
leverage points increase their effectiveness with the
depth of system organizational level in a hierarchical
framework of complexity (Meadows 1999). A
modelling process using SD consists of five iterative
steps (Sterman 2000):
• Problem articulation
• Formulating dynamic hypothesis
• Formulating a simulation model
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• Testing policy or management options
• Policy design and evaluation (feedback to 		
Step 1 and iteration)
The first two steps concern qualitative modelling,
i.e. the system’s conceptualization, while the other
three steps concern computer-based modelling for
quantitative simulation. In particular, the second
step leads to the development of an influence
diagram, or causal loop diagram, making it possible
to conceptualize the dynamics of a complex system
or problem, to share mental models (making them
explicit) between individuals and groups, and to
communicate assumed important feedback loops
at the source of the problem(s) (Sterman 2000).
Such a causal loop diagram (CLD) highlights both the
variables of a system and the links between these
variables in order to identify feedback loops.
SD modelling with stakeholders, also named “group
model building” (GMB, Vennix, 1999) or “mediated
modelling” (Antunes et al., 2006), has been shown
to be effective at improving the understanding
of complex environmental problems, bringing a
valued contribution to environmental decisionmaking (Videira et al. 2003; Rouwette et al. 2000).
In a GMB project, the participants develop one or
several models during structured sessions with the
help of a facilitator. GMB promotes elicitation of
participants’ knowledge and mental models, helping
to articulate and reframe perceptions, and create
maps of the feedback structure of a problem from
those perceptions (Forrester 1987); furthermore, SD
simulations make it possible to assess the dynamics
of those maps and test new policies (Chen et al.
2014).
Two main objectives drive the participatory
modelling process: (1) to increase understanding
and sharingknowledge about a system and its
dynamics under various conditions; and (2) to
identify and clarify the impacts of solutions to a
given problem, supporting decision making, policy,
regulation or management (Voinov & Bousquet
2010). Accordingly, stakeholders may be involved,
through GMB, in different types of interactions
(Lynam et al. 2007): where they provide knowledge,
values or preferences to a diagnosis phase (data
collection); where, with experts they jointly develop
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synthesis and co-learning (structuring the problem
and simulating hypothesis); where they are included
in a joint decision-making process (testing policies).

1.2 Participatory modelling for ES management
using system dynamics
Both SD and ES are topics with a vast literature
and scholarly communities (e.g, Systems Dynamic
Society; Ecosystem Services Partnership), but with
few attempts to bridge them (e.g. Batker et al.
2010; Costanza et al. 2007). Here, we propose a
perspective of collaboratively building and applying
system dynamics models (SDM) for specific ES, to
be included in policy or management making. The
approach can be progressively implemented in five
steps with different objectives, requiring different
resources along a transdisciplinary process (Figure
1) that integrates scientific and societal knowledge
to address societal problems (Lang et al. 2012).
The focus of this article is on the first two steps
concerning qualitative modelling to support the
conceptualization of “ES system”, then to facilitate
sharing a general understanding of possible dynamics
and sketching introductory dynamic hypotheses
about possible consequences of management
policy. Such steps are expected to prepare the
ground for more quantitative development of sitebased dynamic models, on which to ground specific
simulation and test alternative plans.
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To assist in the starting of GMB projects for ES in the
context of protected areas, we propose simplified
generic dynamic models, as “introductory models”
(or pre-models), with the following purposes:
• To represent the main and general variables
involved in the process of reproduction (or
provision) of the ES.
• To understand and visualise feedbacks between
possible management measures and system
variables.
• To provide managers with basic but systemic
information to enable further development of
specific dynamic models for their sites.
Such generic and qualitative SD models are intended
as starting points of modelling processes, covering the
first steps of the iterative cycle previously mentioned
(Figure 1). The pre-models are based on common
knowledge from scientific literature, from experts
and from existing models (Ford 1999). The variables
in the pre-models (see following sections) are to be
considered only in qualitative terms; in effect, we
(as humans) use “conceptual metaphors” by which
we understand quantities in terms of directionality
or, in other words, in terms of comparison (Lakoff &
Johnson 1980). Such qualitative approach follows a
compromise between remaining general enough to
model ES regardless of the site, but realistic enough
to help further developments at the local level, e.g.
by a local panel of experts and stakeholders.

Figure 1: Framework for SD model building for ES, with different levels of development and support for decision making
(modified after Sterman, 2000); the examples presented in this study refer to the first level, including steps (1) and (2).
Landscape Online – supported by the International Association for Landscape Ecology and its community
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In the following sections, we illustrate the process of
SD model building, presenting examples of problem
articulation (through causal loop diagrams), and
the design of dynamic hypotheses and introductory
simulation models. The models are developed and
published in the web platform Insight Maker©
(https://insightmaker.com; Fortmann-Roe 2014).
Insight Maker is a recent web-based, generalpurpose simulation and modelling tool; this tool has
been designed to make modelling and simulation
accessible to a wide audience of users. Insight
Maker was used because of several advantages and
characteristics: it is open and free (Fortmann-Roe
2014); it provides a repository of models in which
modellers can independently improve models (Belete
et al. 2017), returning and sharing their findings with
modellers or users (Argent et al. 2016); SD models
can be presented through the storytelling tool by
which the users, even those without any knowledge
about SD, can be accompanied in understanding
and using them for the simulation of policy options
or scenarios, updating the variables and seeing the
outcomes in real time (Sturmberg et al. 2013).

2 Pre-models of provisioning ecosystem
services

2.1 Problem articulation and dynamic hypothesis
Provisioning services are ES that provide the material
or energy outputs from ecosystems that people
can use such as food, water, and other resources
(TEEB 2010). In a protected area, the service
may entail the supply of game species, timber,
and mushrooms for example.This resembles the
process of reproduction of a renewable resource,
characterised by logistic growth (Tsoularis & Wallace
2002).The limit to growth is influenced by internal
factors, such as carrying capacity (and the related
gap between the actual level of related variable
and the maximum value/carrying capacity), and by
external factors, such as extraction or withdrawal.
Logistic dynamics usually appear in systems in which
the “regeneration” follows an exponential growth
as long asstock is far from the carrying capacity

Table 1: Introductory simulation models corresponding to different types of contexts for recreational services. Key
variables define the main dynamics of interest; management variables can be addressed by policy to influence such
dynamics.

Model

Type of system

Management

Key variables

variables

Web links

P1

natural renewable
resource



carrying capacity



Extraction

https://bit.ly/2UtEysc

P2

natural renewable
resource




carrying capacity
biodiversity
(proxy)




Extraction
Habitat area

https://bit.ly/2v5cfRW

C1

Remote areas with
reduced human
presence



Environmental
quality
Visitors



Marketing

https://bit.ly/2vh5vAj

Natural areas with
margin for
environmental
improvement



Environmental
quality
Visitors




Marketing
Investments on
environment
quality

https://bit.ly/2Ps0m1D

Areas where
infrastructure could
be developed



Environmental
quality
Visitors
(Touristic)
infrastructures




Marketing
Investments on
environment
quality
“Artificial”
attractiveness

https://bit.ly/2GB2ose

C2

C3
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(the related gap is large), but the dynamic follows a
saturation curve as the gap reaches zero. In general,
the supply of this ES is sustainable if the extraction
rate is less than the reproduction rate. The term gap
in Figure 2, i.e. the difference between the current
“stock” and maximum possible stock (associated to
the specific carrying capacity), is used to highlight
the role of carry capacity in balancing the growth;
such difference limits the regeneration rather the
stock alone.
Figure 2, like Figure 6 and Figure 7, follows the
graphical conventions of causal loop diagrams, in
which the arrows represent a causal relationship
between the variables involved and have a polarity
(+ or -) that represents the type of dynamics , in other
words: a link with a „+“ can be read as „a change in A
will cause a change in B in the same direction, both
increasing and decreasing, on the contrary with“ „the direction will be the opposite, if the first one
increases the second one will decrease and vice
versa (the color of the arrows is used here only to
highlight the differences).
+
+

A basic model (Figure 3) shows the key element of
a natural renewable resource: it can be extracted
within the limits of the regeneration rate and the
associated carrying capacity. The typical dynamic is
a logistic curve.
Figure 3, like the 4, 8, 9 and 10, represents a stock
and flow model, in which the stock variables are
explained in the white boxes (these are elements of
the system that accumulate over time, such as the
level of water in a tank), the inlet and outlet flow
variables regulate the level over time (such as the
faucet and the outlet pipe in a tank). In the gray boxes
the „management variables“ are highlighted, these
can be modified directly on the basis of decisions
and interventions, to differentiate them from those
of an ecological type or not directly controllabl

regeneration

regeneration
rate

Resource
stock

Regeneration

2.2 Basic simulation models (P1 and P2)

resource stock
extraction

carrying
capacity

extraction
rate

-

Figure 3: Basic model of provisioning services (P1), with
the management variable extraction rate.

Carrying
capacity

Extraction

Ecological
process

Social process
(human decision)

In a model slightly more realistic,the carrying
capacity depends on the amount of habitat area,
a second “management variable”,in addition to
extraction rate, that managers of protected areas
could influence or that are expected to change after
human interventions.

+ Gap

Figure 2: A causal loop diagram of provisioning ES (left):
a balancing feedback loop is driven by the variables
“carrying capacity” and “extraction”.

Max growth rate
Regeneration
rate
Useful species
interaction
Area limit
Biodiversity

Stock

Regeneration

Extraction

Current carrying
capacity
Habitat
area

Extraction
rate

Specific carrying
capacity

Specific minimum
habitat area

Figure 4: Model of provisioning services (P2), with management variables habitat area and extraction rate.
Landscape Online – supported by the International Association for Landscape Ecology and its community

Scolozzi et al.

In this model, the current regeneration rate is a
function of a maximum specific regeneration rate,
proper of interested resource-species (e.g. cubs per
female), of local biodiversity and of the area limit.
At this level of modelling, for learning purposes,
biodiversity is intended in terms of the percentage
of the expected species at the site; simplifying the
biodiversity as the number of species, the best
conditions are those where all species expected in
the concerned ecosystem are present (the “right”
set of species). Although the relationships between
biodiversity and ES are more complex (Mace et
al. 2012), we assume that such simplification is
acceptable for the purpose of pre-models and the
expected qualitative results. Besides, in Europe most
habitats included in protected area are relatively
well known, even the norms (see Habitat Directive)
contain detailed lists of the speciesthat are relevant
for nature conservation. From the perspective of
managers of protected areas, the number of species
is usually the easiest, often the unique, indicator on
biodiversity.
To consider the uncertainty in the relationship
between biodiversity and provision of ES, we
used a random (function) multiplier of the
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current regeneration rate (labelled useful species
interaction). The role of random multiplier is to
obtain the random trend emulating the variability
over the years of the interactions among the species
and environmental conditions, without any other
information available. The area limit includes the
specific minimum habitat area, under which the
resource (e.g. roe-deer) cannot reproduce. Such
variable is arbitrarily defined here, in further specific
development it should be related to the specific
species-resources at the focus (e.g. roe-deer, hare).
The current carrying capacity is related to the habitat
area and the specific carrying capacity, measured in
terms of resource unit per area (e.g. number of roedeer/100 ha). Such specific carrying capacity can be
inferred from ecological knowledge or local data.
In the equations of the model (see online models),
the parameter values are not empirically based but
arbitrarily chosen to illustrate possible dynamics
of the modelled systems. With that purpose,
after fixinganextraction rate, we simulated two
didactichypotheses (Figure 5): a biodiversity loss
(disappearing of 20% local species) and an increase
in available habitat for a target species (e.g. after
a spatial plan or an intervention of ecological

Figure 5: Simulations with P2 model for provisioning ES, exemplifying simulation of scenarios: baseline, loss in
biodiversity, doubling of habitat area, combination of both.
Landscape Online – supported by the International Association for Landscape Ecology and its community
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restoration). Due to the simplification specified
above, the time graph of variables in Figure 5 should
be read as a qualitative sketch of possible dynamics
over time; the main message is that an equilibrium
is reached for all different alternatives.

2.3 Insights and applications for management
This model aims at illustrating the possible dynamics
of common environmental resources that naturally
regenerate themselves and the role of biodiversity,
extraction rate, habitat area and the associated
carrying capacity.
A strong assumption lies behind the definition
of „habitat area“: this should have geographical
and ecological qualities to support a vital local
population of the species under question. This
paves the way for insights and discussions with
land managers on the suitability of habitats and
their functional connectivity.The model may be
useful for better understanding the resource’s
process of reproduction and for explaining it to the
local population and stakeholders, furthermore,
for demonstrating the importance of a required
(functioning) habitat area and local biodiversity
for supplying the ES. The simulations help to
understand the equilibrium-seeking dynamic of the
stock variable (related to the resource-species), in
which the availability of “habitat area” defines the
carrying capacity andlimits thegrowth of stock. The
elementary lesson from this basic model is about the
limitation of extraction (or consumption) of natural
resourceswith a limited capacity of regeneration;
by testing different rates of extraction, one can
understandthe importance of regulating and
knowing the rate of sustainable extraction.

3 Pre-models for cultural ecosystem services
(recreation)
3.1 Problem articulation and dynamic hypothesis
Natural areas are considered to provide many
recreational opportunities (Sonter et al. 2016), but
the ES supply depends on the accessibility (AlaHulkko et al. 2016). Thus, the recreational value of
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a protected area is only supplied if it can be visited,
i.e. only if the visitor or tourist can enjoy features
such as views on the spot. Access depends not
only on geography but also on dedicated touristic
infrastructures (e.g. hiking trails, mountain huts) that
facilitates the visit or enable recreational activities.
This ES therefore partly depends on the natural
component (ecosystems that offer recreational
spaces and opportunities) and partly on the work
of humans (enabling access and enjoyment of said
spaces).
For natural (or protected) areas, different levels of
possible human intervention and/or naturalness can
be distinguished. For example, in remote areas (e.g.
high-altitude ecosystems), human intervention is
generally limited to the opening and maintenance
of access tracks. In flat areas, naturally more
accessible, the recreational value may depend more
on artificial structures (e.g. bird watching towers)
that make one site more attractive than another.
We use the term “environmental quality” for this
combination of biodiversity and human agency (e.g.
the maintenance of specific habitats). The relation
between the recreational value of a site and the
environmental quality is a recurrent dynamic typical
of nature-based tourism: the number of visitors
increases with increasing environmental quality, but
their increase sooner or later has negative effects on
the environmental quality (Pickering and Hill 2007),
leading again to lower visitor numbers. In SD terms,
the process includes a negative, or “balancing”,
feedback cycle that reduces environmental quality
and visitor numbers with respect to initial values
(Figure 6), reaching an equilibrium. The variables
visitors and environmental quality describe the
recreational value of a site and may be linked by
attractiveness and the level of environmental stress.
In such terms, the cultural ES is not merely associated
with an environmental context or to a tourism
statistic, but, at least, to a couple of interlinked
variables.
Management actions influence the recreational
value with different effects on the environmental
quality. The number of visitors can locally provide
resources for investments for the improvement
or maintenance of environmental quality (Figure
7, left). This creates two opposite feedback loops:
the two can strike a balance that can result in the
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Environmental
stress

-

Environmental
quality

+

B

+

Visitors

+

Attractiveness

Figure 6: A causal loop diagram of recreational ecosystem services: one balancing (negative) feedback loop connects the
number of visitors and environmental quality (left), with an exemplifying simulation showing the system equilibrium
(right).
Environmental
stress

Environmental
stress

-

Environmental
quality
+

B

+

-

Environmental
quality

+
Visitors

+

+
Investments

+

B

+

Marketing
+

Visitors

+

Attractiveness
+

+

Attractiveness
R

+

R

Structures
+

+
Investments

R

Figure 7: Two possible “recreational systems”: with investments supporting the maintenance of environmental quality
(left), with investments supporting the attractiveness of the site (right). The arrows with B and R stand for Balancing
feedback loop and Reinforcing feedback loop.

sustainability of the recreational service (with an
equilibrium at a higher level of environmental
quality).
Unsustainable dynamics may occur if investments
are aimed at increasing attractiveness through
marketing and structures for recreational activities,
without proportionally increasing or maintaining
environmental quality. In these conditions, two
feedback loops, decoupled from environmental
quality (Figure 7, right) may destabilise the system:
decreasing (or annulling) the stabilising function

of the feedback between environmental quality
and visitors, and leading to a rapid increase in
environmental stress (no longer controlled internally
by the system).

3.2 Basic simulation models
Considering the mentioned dynamics, different types
of socio-ecological systems can be distinguished
(Table 1), in which ecological and human variables
are interdependent.
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Marketing
Environmental
quality
Rigeneration
Degradation

Visitors

Arrivals

Leaving

Degradation
rate

Regeneration
rate

Return rate

Max Env. Quality

Environmental
stress

Biodiversity

Figure 8: SD model C1, corresponding to the causal diagram of Figure 6.
Congestion limit

Attractiveness
Marketing

Rigeneration
Regeneration
rate

Environmental
quality

Visitors
Degradation

Arrivals

Leaving

Degradation
rate
Max Env. Quality

Environmental
stress

Improvement

Biodiversity

Non-return rate

Turnover

Expenditures
per visitor

Investment

Investment efficay

Reinvestment
fraction

Figure 9: SD model C2, corresponding to the causal diagram of Figure 7 (left).

Marketing
Environmental
quality
Rigeneration
Degradation
Regeneration
rate

Visitors
Arrivals

Leaving

Non-return rate

Degradation
rate

expenditures
per visitor

Max Env. Quality

Biodiversity

Environmental
stress

Attractiveness
Receptivity

impact per
structures
impacts per
visitor

Turnover

Structures

Investments

average cost

Reinvested
fraction

Figure 10: SD model C3, corresponding to the causal diagram of Figure 7 (right).
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In the basic model, the main (stock) variables
are environmental quality and visitors; these
are measured in a qualitative scale, without real
references. The variable environmental stress
considers the number of visitors and the level of
environmental quality, assuming the environmental
stress caused by a single visitor is greater at a site
with the maximum environmental quality than at
a degraded site. The number of visitors is initially
set at 0 and oscillates around a level of equilibrium
depending upon marketing success (higher visitor
numbers) and environmental quality, realizing the
negative (stabilizing) feedback loop.
At this stage of modelling, the values of all variables
are not based on realistic estimates, the focus of
interest being the understanding and making evident
the dynamics between variables by modelling and
simulation, i.e. whether variable values tend to
decrease or increase under changed management
conditions. Thus, the comparison between variables’
dynamics is more relevant than their absolute values.
Such variables could be scaled with real data and the
models could be calibrated, in following the steps of
modelling and simulation.
Nevertheless, the proposed models can depict some
dynamics and can be used in collaborative discussion
for environmental policymaking. The comparison
between likely dynamics in different contexts,
represented by the models C1, C2, and C3, clearly
shows changes in dynamics of environmental quality
and visitors.
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3.3 Insights and applications for management
The models represent different realistic conditions,
one in which managers and stakeholders dedicate
part of revenue to the maintenance or conservation
of environmental quality, e.g. conservation actions
to preserve or restore specific ecosystems or
maintenance of the trail network; in the other
they are dedicated to improving the attractiveness
without investing in environmental quality. The
different outcomes are clearly shown in the diagrams
and easy to communicate (Figure 11).
The results can be usedto support sustainable
management of protected areas, as the models
include several “management variables”, such as
expenditures per visitor, marketing, and re-invested
fraction. Again, the values are purely fictitious
and should be integrated and calibrated, through
supplementary research and/or stakeholder
participation. Nonetheless, the model simulations
make it possible to explore interesting scenarios
and to answer management questions such as:
whichstrategy most increases the volume of the
business and at whichprice for the environmental
quality? For instance, in the model C2, the best
strategy appears to increasing the expenditures
per visitor: this increases the environmental quality
(with an impact identical to that derived from the
option of doubling the re-invested fraction) and
increases revenues (on the condition that the other
variables are kept unchanged). Another example of
application is related to the increase or improvement

Figure 11: Comparison between different “recreational systems”: the likely dynamics of environmental quality (left),
the likely dynamics of visitor numbers (right).
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of touristic infrastructures in model C3. Investing
into infrastructures such as hiking trails, touristic
facilities (e.g. benches, fountains, catering) and
information material influences the attractiveness
of the protected area and consequently can increase
visitor numbers. At the same time, environmental
stress and pressure on biodiversity may increase,
which then requires a thoughtful planning and
concept of the investments to reduce the impact on
biodiversity by guiding the visitors in the protected
area.

4 Discussion
In this paper, we stress the importance of
participatory model development process. The
proposed generic models are to be considered as
starting models suitable for a general understanding
of the dynamics in the provision and benefiting
of ES, which maylead to developing shared
representations with the local communities (Black,
2013). From our experience, difficulties emerged
fordecision-makers to understand the complexities
of “their” socio-ecological system. This resulted
in wishful strategies or plans, which howevermay
neglect local system barriers to effective and durable
collaboration among stakeholders and beneficiaries
or be unaware of possible feedbacks that may cause
negative and unexpected impacts in the future (e.g.
visitor congestion and erosion of environmental
quality).
While GMB applications for environmental
management are increasing, those concerning ES (in
protected areas) are not common yet. We proposed
the perspective of GMB for SD modelling of ES to
improve the understanding, the communication,
and, accordingly, the management of ES. We focused
on protected areas because, in our experience, in
these contexts it is easier to identify and engage the
relevant stakeholders (including the administrators
and managers); anyhow, the same approach can
be applied to any socio-ecological system in which
the relevant actors are recognizable and might be
involved.
The proposed system dynamic modelling is
distinguished from the apparently similar one
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known as Fuzzy Cognitive Mapping (Gray et al. 2015;
Özesmi & Özesmi 2004). In the latter, the formalized
schemes, even if using analogous signs (arrows with
polarity), refer to relations between the knowledge
elements (e.g. concepts, preferences) of a „mental
maps” through which one can represent local
knowledge (or knowledge held by stakeholders) and
model decision making. In SD models, the arrows
represent information or material flows or causeeffect relations between variables of systems (in our
case: social-ecological systems); the SD models are
tools for simulation of system conditions, providing
information about of hypothetical states of
observable variables (e.g. level of stock or quantity
of a resource).
At a general level of understanding, the pre-models
focus on exploring and understanding the complexity
of ES provision; in a second step, the models include
more specific variables concerning the ecosystems
(or landscapes) under study (such as those related
to the socio-cultural context). Where suitable data
and SD experts are available, the pre-models should
be further developed and used to design and check
management options, anticipating their side effects
and improving their formulation.
The pre-models presented here have several
limitations, being hypothetical and generic, and
based on theories and assumptions derived from
general notions of ecology or environmental
economics and from direct experience in the
project LIFE MGN, rather thantested with data
of a specific area. They are rather incomplete, as
they only include the few main variables linked to
possible management measures (e.g. “habitat area”
rather than “vegetation growth” or other ecological
variables). The variables have dummy values with an
essentially qualitative meaning (often zero stands
for minimum quantity or value, 1 or 10 stands for
maximum quantity or value). For operational use,
as the definition of actions for a site, these models
are not sufficient, since they require calibration
and verification with real data and, probably,
reformulation with new variables.
Notwithstanding these limitations, the insights the
simulations provide are useful for sharing knowledge
and reframing the expectations from environmental
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policies or strategies. Most of the presented
dynamics (system behaviours) are intuitive and well
known when they are considered separately, but
the systemic perspective provided by causal loop
diagrams and semi-quantitative scenarios, resulting
from simulations, provide clear and relevant
information about the complexity of ES provision.
These SD models can reveal implicit assumptions
that could be deleterious for the sustainable use or
consumption of natural resources (see differences
among the models C2 and C3), and they may sustain
more cognisant discussions among stakeholders.
Management problems and strategies can be
defined from new and possibly varied perspectives
(e.g. tourism, landscape ecology, biodiversity
conservation) to develop more specific models for
the sites and to simulate management scenarios.
Modelling together with local stakeholders may
be a way to bridge local knowledge (held by land
managers, owners, beneficiaries in general) and
scientific knowledge (by experts, academics, and
researchers) (Spangenberg et al. 2015).
We proposed the use of Insight Maker© to present
and to develop SD models of ES open to an
interaction (simulation) by users. Simulations allow
to bring the patterns we build to life and get a sense
of the implications of the relations over time. It has
been said that we as humans have a very limited
capacity to understand the implications of two or
more dynamic relations over time. Within Insight
Maker©, stakeholders, even the ones without
any previous knowledge of SD, can simulate and
recognize possible patterns of the interested system.
A simulation essentially does a time compression (or
expansion) to allow us to consider the implications
of the relations over time, an experience that would
otherwise be very difficult to understand.
The ideal outcome of the use of a web-based open
access platform for modelling and simulating is the
creation of a library of basic SD models dedicated
to ES, in which experts can download materials to
develop their own models. Moreover, stakeholders
can easily interact with the complexity of their “own”
socio-ecological system, together building capacity
for adaptive management (Westgate et al. 2013).

In this paper, we initiated such a library (open to
interaction and improvement at the page “Explore
insights” of insightmaker.com), considering two
general classes of ES: provisioning services (food, raw
materials) and cultural services (recreation value);
further models for specific case studies are going
to be developed concerning other ES, especially
regulating services.
The participatory development of SD models of (local)
ES entails a learning process in which the model users
and developers (including locals, stakeholders, and
communities) can develop a deep understanding
about system structure and behaviour relationships;
this may support both analysis and deliberation. This
type of learning process may consist of double-loop
learning (Argyris 1976) in which users/modellers
can go beyond a trial-error-learning process (first
learning loop or incremental learning) and can
restructure the way they see the system reframing
the assumptions (second learning loop) (Medema et
al. 2014). Such progression may allow the managers
to articulate better policies and the stakeholder to
frame better expectations.

5 Conclusions
We proposed the use and development of system
dynamics models concerning the processes
underpinning ES and supporting their understanding,
maintenance and sustainable management. We
showed basic models, included in a“library of
introductory ES models”, to be used in startinglocal
exercises of participatory modelling.The simplified
models are helpful starting points to develop more
operative dynamic models of ES; they allow the
simulation of management scenarios and provide an
immediate view of related possible consequences.
We believe the modelscan support a more operational
understanding of the dynamics within ES by local
stakeholders, facilitating more informed discussion
among them. The attention to the time variable,
typical of dynamic models, can help to spread
among the decision-makers and stakeholders a
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medium-to-long term perspective (Hjorth & Bagheri,
2006), necessary for the sustainable management of
ecosystems and protected areas. Moreover, due to
its replicability, the use of such tools in a open webbased platform may be of educational value on the
topic of systems thinking applied to ES management
for people with or without any previous background
in SD modelling.
The next steps include further development and
testing of the tailor-made models with real data and
their potential use for sustainable ES management.
Possible future developments include participatory
modelling sessions for each area of interest
(included or not in protected areas) and for each ES,
by mixed groups of experts (with multidisciplinary
backgrounds) and stakeholders, including citizens as
well as public or private managers of landscapes.
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