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ARTICLE INFO ABSTRACT

Keywords: The Montado is a silvopastoral system with a tree cover of predominantly Quercus suber but also Quercus
Agri-environmental measures rotundifolia, where cattle or sheep graze the understory. It occupies more than one million hectares in southern
Transdisciplinarity

Portugal, and a similar landscape, the Dehesa, covers ca. three million hectares in Spain. These silvopastoral
systems can simultaneously benefit the environment and socio-economic activities by providing a bundle of
ecosystem services (ESs). However, an ongoing trend of decline in tree density and the covered area is threat-
ening such provision. Policies are needed to motivate farmers to secure the ESs that they provide. One possible
format is the development of a results-based model (RBM) for agri-environment schemes (AES), implemented
under the Common Agricultural Policy. In an RBM, farmers are paid when they deliver specific environmental
results (ERs) (e.g. healthy and functional soils), that are linked with the provision of different (and often mul-
tiple) ESs. This study defines possible ERs for the Montado and details how these results are linked to the pro-
vision of ESs. It then considers management actions that can allow the achievement of these ERs and the costs of
these actions. Our methodological approach is based on a transdisciplinary dialogue involving researchers,
practitioners (i.e farmers), public authorities and policy makers. The results of the process include the identi-
fication of four main ERs: a healthy soil ecosystem, a biodiverse native-Mediterranean pasture, an oak tree layer
where regeneration exists (i.e. trees of different ages), and preserved or enhanced landscape elements, for
example riparian galleries with vegetation. These ERs increase the supply of provisioning services (e.g. cork
production), of regulating services, (e.g. carbon sequestration), and cultural services (e.g. aesthetic inspiration).
RBMs allow farmers to use any management practice they choose as the focus is on the results. Nonetheless, to
estimate costs we identified 12 potential strategic management practices (and their cost) along with the technical
support that farmers would need. We conclude that an RBM could be an affordable solution for public policies in
the Montado system, given the limited government budget for supporting AES.

Montado
Results-based payments

1. Introduction grazing (silvo-pastoral systems) are agro-ecosystems that can simulta-
neously create environmental, economic and social benefits (Rohrig,
Land use systems that combine trees with pastures and animal Hassler and Roesler 2020). They are a type of agroforestry that combines
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the management of trees or other woody perennials, forage and livestock
on the same site (Jose et al., 2019; Moreno and Rolo 2019). Such vertical
and horizontal heterogeneity results in a landscape with high natural
values (Acebes et al., 2016; Pinto-Correia et al. 2018). These systems are
unique examples of diversification in land use that enhance a bundle of
ecosystem services (ESs) such as carbon storage, biodiversity enhance-
ment, wildfire prevention or erosion control and efficient nutrient
cycling, thereby reducing leaching, without compromising yield (Sales-
Baptista and Ferraz-de-Oliveira 2021; Tamburini et al. 2020). In addi-
tion, they offer a diversity of income streams and are a source of cultural
heritage and high-quality landscapes (Ahammad et al., 2021; Guerra
et al., 2014; Moreno et al. 2018; Surova and Pinto-Correia 2016). This is
exemplified in the Montado in the Alentejo region of Portugal (Bugalho
et al., 2011; Guerra et al., 2014).

The Montado and Dehesas (on the Spanish side) are Europe’s largest
silvopastoral systems. When properly managed, they provide a high
nature value farmland (HNVf), where the production ensures high levels
of other ESs (Lomba et al., 2020). These nature conservation values are
highly dependent on maintaining specific (traditional) agricultural
practices (Godinho et al. 2016; Pinto-Correia et al. 2018). Silvopastoral
systems have been developed over millennia as a long-term adaptation
to natural scarcities (Ferraz-de-Oliveira et al., 2016; Pinto-Correia and
Fonseca 2009; Sales-Baptista and Ferraz-de-Oliveira 2021). When these
systems are in balance, they provide ESs that secure production goals.
The optimum levels of provision of these ESs depend on the capacity for
simultaneously securing production, the ecological balance and land-
scape quality (Lomba et al. 2020; Teixeira et al. 2018). While the market
remunerates some provisioning services, it does not reward other reg-
ulatory or supportive services or some cultural services. They are diffi-
cult to trade, mainly because they cannot be individually owned or
exclusively used (Rohrig et al. 2020). As such, the ESs that fall outside
the market are not a priority for farmers (Camilli et al. 2018). Despite
this, for a long time, the silvopastoral systems of Iberia have provided
provisioning services without reducing other ESs (Bugalho et al. 2011;
Pinto-Correia and Vos 2004). This balance has been disturbed in recent
decades, due to a combination of factors: including the globalisation of
markets and technologies, farming intensification and specialisation.
The implementation of a centralised agricultural policy across Europe
further promoted specialisation (CAP, the Common Agriculture Policy)
(Almeida et al. 2016; Guimaraes et al. 2018).

In the present context, failing to compensate farmers for the ESs that
do not contribute to their incomes can contribute to the simplification of
the whole farm system which, in turn, reduces its high nature value
(Pinto-Correia et al. 2018; Rohrig et al. 2020). The economic valor-
isation of these multiple ESs could be an incentive for farmers in the
Dehesa and Montado to maintain and enhance their mixed farming
systems with multiple positive externalities (Ahammad et al. 2021;
Torralba et al. 2018). New (European) public policies should play a key
role in this process (Blackstock et al., 2021; Guerra et al. 2016; Otero
et al. 2020). One such mechanism, being piloted in different settings in
Europe, are Results-based models (RBMs) (Herzon et al. 2018; Targetti,
Schaller, and Kantelhardt 2019). RBMs are strategies that link payments
with the delivery of desirable ESs (e.g. healthy and functional soils): a
departure from the current practice-based agri-environment schemes
(AES) implemented under the CAP. The existing AES compensate
farmers for certain practices with the expectation of achieving envi-
ronmental benefits. In an RBM, the management practices that allow the
ESs to be maintained are identified and the costs of their implementation
estimated. Yet, payment is calculated considering the environmental
outcomes, not the practice. Hence, RBMs are considered a strategy for
payments for ESs (Bennett and Gosnell, 2015; Cullen et al., 2018;
Blackstock et al., 2021). When applying an RBM the order of magnitude
of anticipated changes is estimated, along with the management alter-
natives available to farmers. As such, RBMs are an evidence-based
analysis of the relationship between agricultural practices and the de-
livery of ESs that are applied at an appropriate spatial scale (i.e., at the
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farm level). In this paper we present a cost analysis of the application of
an RBM for the Montado in southern Portugal (Fig. 1).

In this paper we present and discuss the changes in management
practices necessary to secure a selection of ESs in a Montado area, as well
as the foreseen costs of changing from existing standard management
practices to practices that provide the targeted ESs. The paper includes
the contextualization of the analysis within the framework of RBMs,
followed by a description of the methodology used in the study, and a
presentation of the results obtained. The discussion and conclusion
mainly focus on the implication of this analysis for the development of
new policy instruments for supporting sustainable agriculture.

2. Result-based models

The AES, implemented under the CAP, are a key policy framework
for integrating environmental concerns within European agriculture and
are the largest source of EU funding for applied nature conservation
(Batary et al. 2015; O’Rourke and Finn 2020; Pe’er et al. 2020). The EU
payments for AES that link agriculture with the protection of natural
resources are based on the principle of compensation for both income
foregone and additional costs incurred, compared to conventional
farming practices (Sainte Marie 2014). This means that public agencies
need to ensure that operational and investment costs, foregone pro-
duction, profits and private transaction costs are all covered by the
payment (Hejnowicz et al., 2016).

Over the last 30 years, there has been some debate over the
ecological performance and cost effectiveness of the AES (Cullen et al.
2018; O’Rourke and Finn 2020; Pe’er et al. 2020). Thus, calls to inte-
grate the ES framework into AES have gained prominence in the policy
and scientific debate, which implies assessing the value of the regula-
tory, supportive and cultural ESs provided by farming systems (Herzon
et al., 2018; Moran et al., 2021). This poses a significant challenge in
complex farming systems such as silvopastoral systems, which deliver a
diverse range and high level of ESs (Bennett and Gosnell 2015; Kay et al.
2019; Santos et al. 2020).

ESs can be evaluated in different ways. There are different paradigms
and distinctions to define the value of ESs, such as the instrumental, or
anthropocentric, perspective and the intrinsic, or biocentric perspective
(Rohrig et al. 2020). Moreover, because of the intangible nature of many
such services, it is difficult to assign them a value (Bennett and Gosnell
2015). With farm systems producing both marketable and non-
marketable goods and services, the value of an ES can remain under-
estimated (or ignored) by the market place (Blackstock et al., 2021;
Rohrig et al. 2020). Yet, valuing ESs, for example through stated pref-
erence survey techniques can, through hypothetical bias, lead to an
overestimation of their economic value (Bennett and Gosnell 2015). To
better inform public policies and make them more efficient in supporting
the provisioning of ESs, robust evaluation procedures are needed.

Within CAP and more specifically the AES, the number of pilots
RBMs is increasing and showing promising results (Dupraz and Guyo-
mard 2019; Moran et al. 2021; Targetti et al. 2019). In order to imple-
ment an RBM it is necessary to identify the farm management practices
in place and those that can replace them to improve ESs provision.
Although farmers have a choice over the management practices they
adopt (if any) it is important to identify them first in order to gauge
whether they will enable farmers to achieve the desired ESs and if they
are practical for the farmer. In addition, the costs to be incurred also
need to be calculated so the level of payment can be defined. In the
current AES, payments for the costs incurred are based on the extra costs
of the practices associated with each specific measure, combined with an
estimation of the loss of income, usually related to decreases in pro-
duction. Likewise, in an RBM the payment rate can be derived by
quantifying the opportunity costs of the management option that is
considered most likely to achieve the ESs, and not on a valuation of the
results per se (Herzon et al., 2018). As such, one of the main challenges in
setting an appropriate payment level for an RBM is to assure that this
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Fig. 1. The distribution of Montado in the Alentejo region, Portugal (Source: Guimaraes et al. 2018).

payment is cost effective in the sense that it reflects the full cost of
achieving the ESs, including the time spent by farmers and any possible
decrease in production related income (Cooper et al., 2009).

3. Methodological approach

The analysis of costs we present was derived from the analysis of
scientific evidence to support the implementation of a pilot RBM for the
Montado, applied within a specific local area close to Evora (see Fig. 1),
where the Montado is the dominant farming system. This analysis was
built as a transdisciplinary effort between researchers, farmers and
public authorities, following a structured design, as detailed in the rest
of this section (see Fig. 2).

3.1. The transdisciplinary arena

The transdisciplinary (TD) arena is a multi-actor approach that we
adopted to provide an ongoing process of interaction between our
multidisciplinary research team and other key stakeholders (Table 1).

The researchers were mainly from University of Evora and the key
regional stakeholders were farmers and technical staff from the public
authorities (a total of 22 participants).

The TD arena was the space where individuals from different disci-
plines, backgrounds and roles interacted for 5 years to co-produce the
knowledge necessary for the future development of an RBM for the
Montado. The TD arena involved regular meetings, coordinated by a
skilled facilitator who was also available to be contacted by the partic-
ipants, by phone or email, whenever required. In the TD arena we dis-
cussed data, clarified the rationale behind different proposals and
validated the best compromise to move forward (details in Pinto-Correia
et al. 2022). At different steps in the process, the research team would
prepare the baseline information and send it out to all participants
before they met to discuss it. At each meeting the goal was to discuss the
data made available, decide if it was sufficient and reach a consensual
decision. At the end of each meeting the next steps were defined and a

short summary of the advances was made available to all. Consensus was
always reached, even if sometimes decisions were postponed to the next
meeting because there was insufficient information available or the
proposals needed further development.

3.2. Identification of the environmental results

In a RBM ESs are clustered and designated as environmental results
(ERs). Work on defining the most relevant ERs to be achieved by a future
RBM for the Montado dates back to 2013 (details in Guimaraes et al.
2019) when a vision for the future of Montado in the Alentejo region was
developed through a TD setting. This work identified the elements
within the productive ecosystem that needed to be maintained or
enhanced (e.g. the soil ecosystem). It was subsequently complemented
by later studies that detail the Montado as a high nature value farmland
(Ferraz-de-Oliveira et al. 2016; Pinto-Correia et al. 2018; Serrano et al.
2018) and allowed the identification of a first tentative list of ERs. This
list was discussed, refined and agreed in the TD arena by all those
involved. The definition was done under the premise that the provision
of these ERs could be achieved by adaptations or changes in manage-
ment practices. As such the ERs presented in this paper merely provide a
sub-set of the ESs that the Montado can provide.

3.3. Management practices required to achieve the identified ERs

After accomplishing a consensual list of ERs we then moved to the
definition of the management practices that could achieve these results.
This was carried out separately for each defined ER. As specialised
knowledge was required for this step, two task forces were established,
the first targeting ERs related to soil, pastures and tree layers and the
second targeting ERs related to water and biodiversity.

In each task force, the relation between targeted ER and farm man-
agement practices was defined by a triangulation between a literature
review, expert knowledge and validation by farmers. Each task force met
regularly. When needed, experts from outside the TD arena were
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Table 1
Details of the stakeholders participating in the TD arena.

Type of stakeholder Number of  Role
people
Researchers in ecology/ 5 Define the environmental results
conservation/botany/ (ER), bring the scientific
zoology knowledge to define the results-
Researchers in animal science 2% based indicators (RBI), and the
management practices that can
allow farmers to reach the defined
ESs
Researchers in economy/ 4* Define the likely costs and
management/policy/ required payment levels, the
transdisciplinarity design, facilitate and coordinate
the TD arena, transpose the
scientific content into the policy
framework
Montado producers and 8 Define the ESs, the RBI, calculate
managers costs and identify the most
appropriate management practices
The Ministry of Agriculture: 3 Interface between the work
General Bureau of Planning developed in the TD arena and
and Policy decision makers. The

identification of possible
adjustments needed so that the
outcomes can be used at the policy
and decision-making level

Note: * These researchers are also part of the core group of the project so in
addition their research role, they were also involved in the coordination of the
project.

recruited. These meetings were also facilitated and systematised by the
skilled facilitator. The experts’ knowledge was shared at the task force
meetings, through one-to-one discussions and through their revision of
the documents that the project researchers had prepared. The practices
identified by each task force were presented, discussed and validated (or
challenged) by farmers at the TD arena meetings, which usually led to
agreements being reached. In some cases, agreement was not possible
and more work had to be done before a consensus could be reached.
Hence validation by farmers was sometimes postponed to the following
meeting in cases where farmers felt that new information and/or other
alternatives needed to be considered.

The final list of possible management practices for each ER was
discussed within the TD arena, considering the scientific robustness of
each practice and the practicality of its implementation.

3.4. Calculation of the costs of changing management practices

The final activity was the calculation of the costs. Such an exercise in
the Montado must reflect the fact that it is a heterogeneous land use
system with different spatial attributes, such as the slope of the terrain,
soil type, distance to main roads, etc. The development of an RBM in
such a context has to be done in concrete spatial locations to reduce
variability as much as possible. To obtain a cost estimation, the first step
was to define an example of a virtual, mainstream farm, with beef cattle
as livestock, where Montado is the dominant land use (Fig. 3). The
structure and details of this virtual farm were derived from a literature
review, a review of statistical data and the combined knowledge within
the team about Montado farms in the region. All the details of the virtual
farm and its core characteristics, in terms of land cover, land use and
management practices, were discussed in the TD arena before being
agreed upon. The stakeholders, including the public authorities, agreed
that using this virtual farm was an acceptable approach for dealing with
the heterogeneity within the Montado. Working with a virtual farm
allowed us to simplify and generalise the characteristics, to simplify the
estimation of costs and avoid the necessity of providing ranges of values.
Montado farm income depends primarily on beef production and cork
harvesting with complementary income obtained from game rights,
charcoal and firewood from pruning or dead trees. Costs for changing
management practices were calculated per hectare (2020 values). We
acknowledge that some costs per hectare may be scale dependent, hence
the virtual farm represents only a reference point. Yet, this is the same
methodology for cost calculations that is used by Portuguese (and the
other EU member states) authorities within the AES, as explained below
(using the principle of compensation for additional costs or loss of in-
come), allowing comparison between our model and present-day
practice.

We adopted the model of a 500 ha farm divided in 10 paddocks of
equal size (i.e. 50 ha each). Six paddocks (300 ha) were Montado
woodpastures, (mixed Quercus suber and Quercus rotundifolia) with a tree
density of 40 trees/ha and an understory of native Mediterranean
pasture, rotationally grazed by a suckler herd that would stay in each
paddock for 45 days. The remaining 200 ha of our virtual farm were
open swards (treeless) of annual native pasture. A suckler herd of 300
Livestock Units (LSU) grazed the Montado paddocks for 9 months a year
and spent the remainder of the year grazing on the 200 ha of open
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Fig. 3. How the virtual Montado farm was used to calculate costs.

pastures. The stocking density was 0.6 LSU/ha. It is generally considered
that around 1.4 %' of the total Montado area is occupied by singular
landscape elements: remnants of natural habitats that generally are
protected by the European Habitat Directive (Council Directive 92/43/
EEC). These might be small forest patches of Quercus and Pinus; patches
of shrubs, riparian galleries, rocky outcrops and temporary or perma-
nent ponds.

Standard management practices for the Montado that we defined
included: pruning trees every 15 years, shrub clearance using a disk
harrow every 5 years and the application of phosphate-based fertiliser
every 3 years (200 kg/ha). The herd is moved between paddocks regu-
larly (every 45 days). Supplementary feeding is commonly practiced due
to seasonal variations in pasture quantity and quality (Garcia de Jalon
et al. 2018). In the most demanding periods, concentrates for suckler
cows (with 15% crude protein and 13% crude fibre) and/or forages (hay
and silage) are used to meet the livestock’s nutritional requirements.
The concentrates are acquired in the market, from national feedstuff
factories, and the forages from neighbouring farmers.

The principle of compensation for additional costs or loss of income
is common practice within the EU’s AES. This led us to include the
operational and opportunity costs of any change in management prac-
tices, alongside with investments and private transaction costs. The
operational costs represent the extra costs (or foregone income) of
changing management practices (e.g. grazing patterns). Changes in
management practices also involve each farm developing a specific plan
after an evaluation of the existing conditions. This implies private
transaction costs, i.e., the costs related to the acquisition of knowledge,
travelling and the time spent by the farmer and the advisor on evalua-
tion visits, the elaboration of the farm plan, participation in training
activities or other meetings. Finally, investment costs are those required
to introduce new capabilities, to procure or replace equipment or to
provide for major modifications of an existing capability. These types of
investments are ‘one-offs’ and so need to be amortised over time. We do
not include opportunity costs of converting the Montado to other more
profitable systems because it is not an option as Quercus suber and
Quercus rotundifolia are protected tree species under national and in-
ternational laws (Guimaraes et al. 2018) and, in addition, the Montado
itself is a semi-natural habitat protected under the European Habitats
Directive (Council Directive 92/43/EEC). This prevents landowners
from converting Montado areas to other farming systems. In the virtual

! This percentage represents the average area occupied by singular landscape
elements in the 8 paddocks where the RBM were tested (all details in Pinto-
Correia et al., 2022). The paddocks are part of the farm owned by the farmers
taking part of the TD arena.

farm, we do not foresee changes in the quantity of livestock in the farm.
Nonetheless, as we will later discuss, in certain scenarios of strong
intensification in the Montado, a decrease in livestock density or a
change of livestock type (e.g. from cattle to sheep) might be considered
as a means of regenerating oak trees. In such a situation the opportunity
costs should be considered.

The income of an actual Montado farm varies considerably,
depending on the business model used, which may range from a model
more focused on cork production, in areas dominated by cork oaks, to a
model based on livestock, in areas dominated by holm oaks, or a balance
of the two (Guimaraes et al. 2018). However, to provide an order of
magnitude for the ERs cost calculated, for readers not familiar with
agricultural production activities’ results in Portugal, it is necessary to
have income data related with these two main products. The figures
issued by the General Bureau of Planning and Policy within the Ministry
of Agriculture, based on data from the Farm Accountancy Data Network
(FADN) of the European Commission, show the following.

1) Bovine production with a Gross Added Value of 123€/ha, based on
an income of 400€/ha (with no public payment support) and a
consumption of variable costs of 277€/ha

2) Cork is only harvested every nine years and income from cork pro-
duction can vary considerably. Several biotic and abiotic processes
can influence its quantity and quality. Arosa et al. (2017) identify
cork production per tree as between 36 kg and 70 kg and the income
from cork between 1.33€ and 3.33€/kg. Among the participants in
the TD arena, income from cork ranged from 18.70€ to 100€/ha.

4. Results
4.1. Environmental results

The four identified ERs aim to ensure the long-term conservation of
the Montado, guaranteeing that the system can endure disturbances
without changing its basic (vertical and horizontal) structure and
functions. Response to multiple, interacting disturbances varies between
species (Buma and Wessman 2012), thus environmental heterogeneity,
secured through the diversity in type and arrangement of elements is a
key feature in promoting the attainment of ERs in the Montado. The
typical patch-mosaic of Montado land use/land cover (Mulatu et al.
2016), with denser patches of trees intermingled with more open
grasslands, harbours a diversity of habitats and species (Mulatu et al.
2016; Simonson et al. 2018). Biodiversity is known as the cornerstone of
ecosystem functions and services (Cardinale et al. 2012; Harrison et al.
2014; Kremen and Merenlender 2018). Thus, maintaining biodiversity is
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mandatory for securing the Montado in a productive sustainable way
(Kremen and Merenlender 2018). An important criterion in the selection
of the ERs was the link between provisioning and regulating ecosystem
services. Another criterion was the need to increase the quantity and
quality of the habitats existing within the Montado. Within this broad
framework four ERs were detailed and these are summarised in Table 2.
The ERs described in this section were validated by experts and farmers
in the TD arena.

The first ER is a healthy soil ecosystem. Healthy soil allows a func-
tional soil biome, which prevents erosion, increases water retention and
water quality, supports all other Montado components and improves the
capacity to sequester carbon (Sardans and Penuelas 2013; Eddy and
Yang 2022).

Biodiverse pasture is the second ER and involves enhancing a bio-
diverse plant understory cover. It is known that mixtures of several plant
species in pastures increase the provision of ecosystem services in
comparison to pastures with only few plant species (Sanderson et al.
2007). A biodiverse pasture provides habitat for wildlife (reptiles, birds,
mammals and pollinator insects) and, simultaneously, promotes water
infiltration and protects soil from erosion. Additionally, pasture also acts
as a carbon sink (Hussain et al. 2009). Native plant species have
developed survival strategies and are better adapted to the Mediterra-
nean environment, particularly climate disturbances, such as water
scarcity, and the region’s shallow acidic soils (Bergmeier et al., 2010;
Paco et al. 2009; Porqueddu et al. 2016).

The third ER is a diversified vertical structure of the tree cover which
permits oak regeneration. Such a structure is key for the functioning and
the long-term resilience of oak trees to multiple disturbances (Acacio
et al. 2007; Arosa et al. 2017). In a sustainable Montado system, natural
tree regeneration is present at different stages of development, from
seedlings and saplings to juvenile and mature trees. When the adult trees
decay and finally disappear, it is fundamental that the replacement of
the old trees is already under way, so that the new trees have sufficient
capacity to persist alone. Trees are also the habitat for several bird and
mammal species (Catarino et al. 2016).

Finally, the fourth ER is the presence of diversified habitats formed
by terrestrial and aquatic landscape elements that are hotspots of
biodiversity per se (Pinto-Cruz et al., 2009; Godinho and Rabaca, 2011;
Pereira et al., 2014). The presence of these remnants of natural habitats
can be verified in each paddock when its characteristics are noted (de-
tails in Pinto-Correia et al., 2022). We have grouped them in a category
designated as singular landscape elements that include: small forest
patches of Quercus and Pinus (Decocq et al. 2016), patches of shrubs
(Oksuz et al. 2020), riparian galleries (Lind et al., 2019), rocky outcrops
(Fitzsimons and Michael 2017), and temporary and permanent ponds
(Bolpagni et al. 2019). All of these small patches of natural habitats
constitute steppingstones and corridors that increase connectivity
within the Montado, as well as, environmental heterogeneity, a feature
that supports the HNV of the Montado.

After defining the ERs for the RBM we then needed to define results-
based indicators (RBI) that allow their assessment. We selected 10 RBI
that have been tested in 8 pilot paddocks. Details of this work can be
found in Pinto-Correia et al. (2022).

4.2. The management practices and costs of achieving each environmental
result

The change in practices to deliver these desired ERs are listed in
Table 3. Most of the identified practices have multiple objectives and are
linked to the delivery of more than one ER. There may be other practices
which could lead to similar results — but the ones selected are those that
are most commonly used and do not require a radical paradigm shift in
day-to-day farm management.

Seven practices were identified that promote a healthy and func-
tional soil, five of which also contribute to other ERs, such as biodiverse
Mediterranean pastures and oak tree regeneration (Table 3). To increase
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Table 2
The environmental results to be achieved in the Montado.
Environmental Result/ Detailed consequences and References
Aims benefits
A healthy soil A healthy soil that supports Marcos et al., 2007;
ecosystem/ vegetation growth. When Sardans and Penuelas
To increase organic the soil is covered by 2013; Carvalho et al.,
matter vegetation, its roots help to 2015; Sales-Baptista

To decrease toxicity
To avoid bare soil

hold the soil. Without plant
cover the soil organic matter
will be lost. In bare soil the
soil temperature will be
higher, killing the soil
microbiome and reducing
the soil’s functions. Without
a deep and well-established
plant root system, water will
not infiltrate into the soil
and without plant cover
water will not be retained
and added to the aquifers.
When soil fertility is reduced
the plant root system is
affected and plant growth is
reduced, thus affecting
pasture biomass and plant
cover, indirectly increasing
the risk of erosion.

When toxicity is present, the
competition between plants
favours plants more adapted
to acidic pH, affecting
herbage mass and reducing
plant biodiversity.

Legumes capture nitrogen
(N), thus improving soil
fertility and reducing the
need for N fertiliser inputs.
Heterogeneity in plant
species composition
provides different
microhabitats, shade and
protection due to the
differences in canopy
architecture and the
diversity of vertical strata
that better supports
pollinator insects. A
biodiverse pasture allows
more palatable and
nutritional alternatives and

et al., 2016; Serrano
et al., 2018; Serrano
et al., 2020

A biodiverse native-
Mediterranean
Pasture/

To preserve or increase
the vegetation
biodiversity and to
avoid over or under
grazing

Bergmeier,
Petermann, and
Schroder 2010;
Hussain et al., 2009;
Paco et al. 2009;
Porqueddu et al. 2016;
Sanderson et al., 2007

contributes to better
distributing the grazing
pressure over the pasture
both spatially and
temporally. The grazing of
animals contributes to the
dispersal of both seeds and
dung, increasing soil N and
organic matter. Organic
matter helps to retain water
in the soil and improves the
soil structure. A biodiverse
pasture will better promote
the sequestration of carbon.
The survival of Montado

Oak trees layer with Acacio et al. 2007;

regeneration/ depends on tree Arosa et al. 2017;
To preserve and increase regeneration. A balanced Catarino et al. 2016.
regeneration Montado will have trees at

different developmental
stages. The diversity of ages
in a population is a
guarantee of the persistence
of the tree layer and the
replacement of old trees.
Diverse multi-layered
canopies, tree heights and

(continued on next page)
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Table 2 (continued)

Environmental Result/ References

Aims

Detailed consequences and
benefits

trunk diameters provide
diversified wildlife habitats,
which supply shelter and
food resources (e.g. acorns).
The presence of natural
habitat patches is essential
to promote the
multifunctionality of the
Montado, providing support
to a wide diversity of faunal
groups and resilience to the
ecosystem itself. A diverse
matrix of habitats enhances
the presence of birds, insects
and other wildlife,
providing food, protection
from predation, shelter
during breeding seasons,
and ensuring landscape
connectivity.

Preserved or enhanced
habitats and landscape
elements/

To promote biodiversity
and heterogeneity

Godinho and Rabaca,
2011; Pereira et al.,
2014; Pinto-Cruz

et al., 2009.

oak tree regeneration six practices were identified, while four and two
practices were identified to preserve Mediterranean biodiverse pastures
and to preserve and enhance single landscape elements respectively.
Montados generally have poor, highly acidic, soils with low organic
matter content and, often, a reduced cation exchange capacity (Serrano
et al. 2020). The practices identified to promote soil conservation
include pH and toxicity correction using calcitic limestone or, when Mn
toxicity is identified, using dolomitic limestone which raises soil pH and
simultaneously increases the Mg/Mn ratio (Carvalho et al., 2015). Such
investment can be necessary and costs 90€/ha with 5-year useful life,
using a 75 hp tractor with 2-wheel drive and considering a tractor
driver’s salary of 20267.94€/year. The application of fertilisers, partic-
ularly phosphates, improves soil quality, benefits pasture growth, and
consequently soil cover, and may benefit oak tree nutrition (Rodrigues
et al. 2020). In regard to the virtual farm, an increase in the frequency of
phosphate fertilisation was considered necessary. Currently, this action
normally takes place every 3 years and should increase to every year,

Table 3
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implying an added cost of 93.1€/ha/year. This cost was calculated
considering 1 h/ha for fertiliser distribution, 0.5 h/ha for transport and
200 kg/ha of fertiliser, using the same type of tractor identified above.
All these figures were agreed upon within the TD arena. Further, it was
agreed at the TD arena, that this action should be based on soil sampling
diagnosis so that quantities are defined rationally. Soil loss and degra-
dation is identified as an important problem, particularly on medium to
steep slopes in the Montado. Practices to avoid soil loss include the
creation of drainage ditches that promote the growth of pasture around
the existing furrows, which slows the flow of runoff water while pro-
moting its infiltration. The cost per hectare of such practice varies
considerably depending on a number of conditions of the paddock,
therefore, we illustrate such cost by presenting the hourly cost of a
backhoe, (27€/h). Such an intervention has a 5-year useful life.

Cattle grazing activity also impacts soil health and its functioning
through trampling, creating areas of bare soil especially where animals
gather, such as at water points and feeding points (Sales-Baptista et al.,
2016). Providing additional drinking points as well as improving graz-
ing management through rotational grazing reduces these negative
impacts on the soil (ibid). The timing and frequency of moving grazing
animals between different paddocks, according to pasture and soil
conservation needs, is a key management practice. This can help avoid
over and under grazing and help achieve the identified ERs. Grazing
management is also relevant for the protection of oak regeneration. The
grazing management in the virtual farm and for each paddock of 50 ha,
consumes 2.5 h/per day with the cattle. Additionally, two journeys of 8
h each per year are needed to move cattle to and from the different
paddocks. These movements are made by the herdsman accompanied by
another worker, representing a cost of 26.4 €/ha/year. To increase the
cattle movement another full day of work, dedicated to moving the
cattle between the paddocks, and two half days work, guiding move-
ments within the paddocks, are needed. Such modification implies a cost
increase of 10.9€/ha/year. To avoid overgrazing an increase in the cattle
feed supplementation period should also be considered. In the virtual
farm the extra supplementation implied a 10% increase in supplemen-
tation for the existing stocking rate (0.6 LSU/ha/year), which represents
a cost of 12€/ha/year. As mentioned before, additional drinking points
for cattle are needed. To estimate this cost, we took the unit cost of a

Possible management practices and costs to achieve the targeted environmental results for the virtual farm.

Environmental Results

Management practices Operational Investment costs Useful life Healthy soil Tree Mediterranean Singular
Costs/ha/year (per unit) (years) ecosystem regeneration biodiverse pastures landscape
elements
Increase frequency of phosphate 93.1€ - X X
fertilisation
Improve grazing management 10.9€ - X X X
Increase cattle feed 12€ - X X X
supplementation period
Increase frequency of surveillance 3.6€ - X
to identify invasive species *
PH and toxicity correction - 90€/ha 5 X
Creation of drainage ditches - 27€/hour 5 X
backhoe
Provide additional drinking points - 5500€/unit 10 X
(2 tanks/50 ha)
Plant new trees ** 37.2€/ha - X X
Shrub clearance using a shredder - 22€/ha X X X
Protect young trees (50 individual - 16.25€/unit 10 X
plant protectors/50 ha) **
Install fences to exclude cattle - 3030€/km 10 X
(62.3 m/50 ha)
Removal of invasive species * - 6.03€/ha 5 X

Note: All costs were discussed and validated in the Td arena.

(*) Each ha of Montado has (on average) 1.4% of singular landscape elements that promote biodiversity and the costs/ha reflects this.
** The objective is to reach a Montado with 80 trees/ha, which is twice the existing tree density. This will be done through an equal contribution of natural
regeneration and plantation. Planted trees have a higher mortality rate so we estimated that 30 new trees will be needed for 20 to survive after 5 years.
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5000 L mobile water tank installation, 5500€ with 10-year useful life. In
our example, two tanks are required to respond to a 10% increase in
water needs in a 50 ha paddock.

In some Montado areas where natural regeneration is very scarce and
does not compensate for the loss of trees, plantation of new trees or even
better, sowing acorns from selected trees in the area (so that adaptation
to the local contextual conditions is secured), might be necessary, since
natural regeneration may not occur at all in low tree density areas
(Godinho et al., 2018; Moreno et al. 2014). In both cases, protecting
young trees using either artificial thorny protectors or natural thorny
protectors (shrubs) is required to increase the regeneration rate (Rolo
et al., 2013). In our example, an increase of 40 trees/ha was considered
to double the tree population over time to the target of 80 trees/ha. We
considered that this ER could be achieved by both natural regeneration
(50%) and plantation (50%). Since planted trees in Montado have a high
mortality rate (Moreno and Rolo 2019), we estimate that 30 plants (at
1.24€/sapling) are needed to establish 20 new trees after 5 years. This
led us to arrive at a cost of 37.2€ per hectare with useful life larger than
100 years. Such activity also promotes a dense root system that increases
the organic matter and functional biodiversity (Sardans and Penuelas
2013). The management of shrub encroachment to avoid increased fire
risk and to reduce vegetation (tree, shrub and pasture) competition for
natural resources is a common practice in the Montado. Shrub control is
currently carried out by harrowing which negatively affects the tree root
system and also promotes soil erosion (Guerra and Pinto-Correia 2016).
Shrub clearing with a shredder, following the marking of young trees so
as to protect them, has been shown to avoid soil degradation while
preserving oak tree root systems (Sardans and Penuelas 2013; Simoes
et al. 2016). Shrub control using a shredder costs 22€/ha and lasts up to
3 years, a period that can vary according to each paddock’s character-
istics and the climatic conditions. In this cost estimation we have not
considered the opportunity costs of setting the paddock aside from
grazing to allow natural regeneration to occur. This option was not
considered ideal by the TD arena and priority was given to management
practices that allow compatibility between economic activities. The
more acceptable option was to protect young trees. This involves pur-
chasing and installing individual plant protectors, at a cost of 16.25€/
protector which have 10 years of useful life. For the 50 new trees (20
from natural regeneration and 30 planted trees) that would be achieved
in 5 years, the investment cost estimated is 812.5 €/ha in tree protectors.

To achieve the conservation and improvement of the singular land-
scape elements we considered surveillance to identify preservation
needs was to be an appropriate management practice to produce the
targeted ERs. Other agreed required practices were fencing to exclude
cattle and the removal of invasive species, so that the native vegetation
can evolve. Considering the existence of a maximum of 1.4% area with
natural habitat patches (singular landscape elements), the discussion in
the TD arena led to an agreement that three full days (24 h) of work
would be needed for 50 ha. The workload includes the inspection of the
protections, cutting old and dry branches and identifying spots where
invasive species need to be removed. Surveillance means a cost of 3.6€/
ha/year. Removal of invasive species represents a cost of 6.03€/ha every
5 years. The costs of fencing singular landscape elements is derived from
the cost per km of fencing (including labour costs): 3030€/km with 10
years of useful life.

In addition to the operational and investment costs described above
we also included 25.2€/ha/year for transaction costs to cover the
farmers’ and the technical advisors’ time investments in defining an
action plan for the farm and attending meetings and training activities.
These transactions costs include the following time estimates:

- 4 days’ work by the advisor to develop the plan;

- 2 days’ work by the advisor and the farmer to discuss the plan;
- 2 h/month of the farmer’s time (on average) to attend meetings;
- 8 h per year to participate in 2 training sessions per year.
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All these estimates were discussed in the TD arena that included
technical staff from the Ministry of Agriculture General Bureau of
Planning and Policy (GPP), who made all the payment calculations for
the support policies and investments. By following the same cost esti-
mation principles as for the AES payments, we maintained compara-
bility with existing policies.

5. Discussion

In this paper we first defined a desirable state for a mainstream
Montado area and specified four attainable ERs that need to be achieved
and maintained. We then identified a set of management actions that
will allow the achievement of the desirable state and, then, estimated
the costs of making such changes.

Previous studies have listed the most significant ESs that the Mon-
tado can provide (Bugalho et al. 2011; Guerra and Pinto-Correia 2016;
Torralba et al., 2018; Kay et al. 2019). However, very few studies
attempt to link farm management directly with the provision of ESs in
the Montado (Fonseca et al. 2019; Guerra and Pinto-Correia 2016). In
order to develop an RBM programme it is essential to make this link
explicit. In RBM, each farmer needs to agree with those who manage the
scheme, upon the ESs that he or she will purposively try to provide. Our
study proposes a set of ERs for the Montado that act as indicators of the
provision of several ESs (Table 2). These ERs were validated by a set of
different stakeholders who worked together in a TD arena (Table 1 and
Pinto-Correia et al. 2022). To the best of our knowledge, our study is the
first to describe a set of ERs appropriate for the Montado, that were
mutually agreed upon by a range of stakeholders, and which explicitly
considered farmers’ capacity to achieve those results by changing their
management practices. Pinto-Correia et al. (2022) provide a detailed
description of a set of indicators and metrics that were defined and
tested in a pilot study. Although an upscaling of this is needed, the pilot
study indicates that these ERs are quantifiable and can be achieved by
farmers’ actions (see details in Pinto-Correia et al. 2022).

In Table 3 we identify a set of management practices that reflect the
almost unique complexity of the Montado system. In simpler production
systems this type of management overview and overall cost calculation
would be much simpler, but in a silvopastoral system a balance between
its components needs to be considered. Both the tree layer and pastures
in the undercover have to be considered, along with the conditions for a
well-distributed grazing pressure and the presence of singular landscape
elements responsible for distinct habitats. Farmers already deal with
such complexity and have done so for centuries. Recently, external
pressures such as market globalisation and public policy incentives,
have led to a simplification of the system. In the case of the Montado,
this trend is leading to the loss of one of the main components of this
silvo-pastoral system which can be spatially identified by the loss of tree
cover (Godinho et al. 2016). We have considered management practices
that will counteract the simplification of the system and allow its
complexity to be recovered. This is the reason why several of the man-
agement practices in Table 3 are linked to the provision of more than one
distinct ER: being part of the same system they are naturally linked with
each other (Mulatu et al., 2016; Fonseca et al. 2019). All the practices
presented in Table 3 are sustainable management practices that consider
the particularities of the Mediterranean region and the capacities of
farmers (Ruiz et al., 2020). An RBM programme which implements such
practices will provide an opportunity for testing and monitoring prac-
tices such as no-till technology, the application of organic fertilisers and
reseeding, considered by Ruiz et al. (2020). No-till technology involves
the use of a shredder to clear bushes (Table 3), while the use of organic
fertilisers and reseeding can be alternatives to some of the management
actions described in this study. In an RBM, farmers are free to define the
best way to arrive at a certain level of ER. The cost estimation is needed
to define payment levels, but it’s the farmer who decides which is the
most cost-effective manner of securing the ERs.

The management practices increasingly in use that negatively impact
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Montado are described in the literature (Pinto-Correia and Vos 2004;
Almeida et al., 2016; Guerra and Pinto-Correia 2016). Such practices
can be summarised as: (a) an increase of livestock density without a
corresponding investment in the system’s primary productivity, (b)
changes in the type of cattle breed, from endogenous light live-weight
breeds adapted to the feed resources of the Montado to heavier and
resource intensive breeds; (c¢) the introduction of new, often more
impacting, shrub clearing methods (e.g., soil disking and soil mobi-
lisation); and (d) the expansion of fodder crop areas and irrigated pas-
tures. These management practices imply a disruption of the balanced
state of the Montado. Their growing use by farmers is linked to the
pressure on all agricultural systems to specialise, the structure of pay-
ments in the Portuguese implementation of the CAP, the globalisation of
markets and technologies and the increased difficulty in maintaining a
cost-effective business model in the Montado (Fragoso et al. 2011; Pinto-
Correia et al. 2019; Pinto-Correia and Azeda 2017). A market system
that reflects agroforestry’s real market value can result in land use
changes that favour multifunctional agroforestry by promoting a
financially profitable system (Kay et al. 2019).

The current AES, based on supporting specific management prac-
tices, does not seem to prevent the declining trend detected in the
Montado (Godinho et al., 2014). Moreover, many farmers are unwilling
to participate in AES, partially due to the restrictions imposed on live-
stock grazing density (Faria and Morales 2020; Santos et al. 2015). Thus,
new approaches are urgently needed to halt the decline of these unique
silvopastoral systems and to make better use of public funding. An RBM
model can overcome several of the obstacles towards farmers’ partici-
pation in the current AES: the imposition of management practices, low
financial compensation and a lack of technical support (Santos et al.
2015). A system in which the provision of ERs is made economically
viable, by their integration within the farm business, needs to be tested.

The present study provides the baseline information needed by the
identification of key ERs and possible cost of achieving them. The weight
of such costs will vary considerably between farms and additional work
is needed to define a representative average; yet, the numbers presented
in Table 3 allow us to draw some conclusions. Santos et al. (2015) report
that the current financial compensation within AES for changing cattle
and tree density does not compensate for the revenue losses. The
financial compensation needed for farmers to vary cattle and tree den-
sity and change the contract length of the current AES, is six times higher
than what they currently receive, approximately 825€/ha/year. Santos
et al’s (2015) analysis is based on the AES as business as usual, which
means providing financial support for management actions. If more
farmers were willing to participate in the current AES this would imply a
substantial budget increase, and indicates the difficulty in maintaining
the AES in its current format. Moreover, it is difficult to evaluate the
outcomes of the current AES (Pe’er et al., 2020). Hence, changes in AES
need to occur. Integrating an RBM approach within AES would imply
that several ES are targeted, achieved and quantified. That per se is an
advantage in relation to the current approach. In addition, a RBM
approach would include the provision of the technical support farmers
call for and give farmers back their decision-making capacity, which
may also contribute to the programme’s attractiveness. Hence an RBM
could be a viable alternative given the limited government budgets for
supporting AES and the shortcomings of the existing programme.

Other studies have described the importance of CAP payments in
farm accounts (Escribano, Diaz-Caro, and Mesias 2018). Without policy
intervention, it is unlikely that farmers will incorporate the costs iden-
tified in this study into their existing business models. The role of
agriculture as a supplier of public environmental goods justifies eco-
nomic incentives to encourage farmers to shift their activities to
embrace the provision of these public goods, which implies extra costs
for them and/or income forgone (Cooper, Hart, and Baldock 2009). The
costs shown in the present study will differ according to the state of the
Montado in each actual farm. With the list of possible management ac-
tions and their likely costs, it would be possible to estimate and integrate
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a payment range for an RBM for the Montado that does not risk being too
far from the real costs incurred by land owners. This should be a pro-
gressive payment, according to the ERs achieved on a yearly basis.

Finally, an important aspect of this study that needs to be highlighted
is the transdisciplinary process that was used in this pilot case. From the
identification of the ERs to the identification of costs, a combination of
scientific and empirical knowledge was used and all the stakeholders
came to a consensus over the decisions described. Such participation is
relevant and can make the difference if and when an RBM is imple-
mented. Other studies have previously shown farmers’ willingness to
take part in policy design, including the possibility of proposing their
own measures (Santos et al. 2015). Therefore, this work, that considers
farmers’ preferences is an important achievement in itself.

6. Conclusions

In the framework of RBMs we have defined four ERs for the Montado;
1) a healthy and functional soil ecosystem, 2) a biodiverse native-
mediterranean pasture, 3) an oak tree layer with regeneration (i.e.
tree with different ages) and 4) preserved and enhanced habitats and
landscape elements. These ERs have been defined in a TD setting and
simultaneously contribute to nature conservation and to the Montado
agro-silvo-pastoral productivity.

In an RBM farmers are free to choose how they achieve the maximum
level of the ERs. Yet, management practices need to be identified to
secure options for farmers’ own decisions. Hence, we defined 12
possible management practices: 1) increase frequency of phosphate
fertilisation, 2) pH and toxicity correction, 3) create drainage ditches, 4)
improve grazing management (by moving the cattle more frequently), 5)
increase cattle feed supplementation period, 6) provide additional
drinking points for the cattle, 7) plant new trees, 8) protect young trees
9) clear shrubs using a shredder, 10) increase frequency of surveillance
to identify invasive species, 11) install fences to exclude cattle and 12)
remove invasive species.

Finally, we presented the cost that farmers might have if they opt for
the above management practices. To secure the willingness of farmers to
improve ERs, payment needs to cover the incurred costs; hence, quan-
tifying costs is fundamental if an RBM is to become a policy instrument.

The Montado is a productive agroecosystem which corresponds
perfectly to many of the present-day requirements for sustainable agri-
culture and use of natural resources, as defined in the European Green
Deal and in the UN Sustainable Development Goals. Public policy has a
strong influence on agricultural management practices and business
models, not only in Europe but all over the world. It is a major
contributor to the problems faced in the Montado and needs to become
part of the solution. The present study was integrated in the develop-
ment of a new agro-environmental measure for the Montado that is
currently being implemented. The monitoring of this measure will be
fundamental to understand if an RBM is an effective policy solution to
the challenges faced by the Montado and similar agroforestry
ecosystems.
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